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PREFACE

Mechanics in Agriculture is designed to serve the needs of high school stu-
dents, post—high school students, and adults preparing for occupations requiring
knowledge and skill in agricultural mechanics. Its contents are also designed to
serve the needs of persons presently engaged in the many occupations requiring
knowledge and skill in agricultural mechanics.

The book emphasizes the basic principles involved in all types of agriculeural
mechanics activities, from shop work to soil and water management. Throughout
the book safety practices are stressed. The contents were selected to supplement
and complement both shop and field activities in agricultura]l mechanics.

Emphasis has been placed on the “why" as well as the “how.” Persons may use
the contents of the book to obtain an overview and basic understanding of a prob-
lem area in agriculeural mechanics. This basic overview and understanding will
make more meaningful the details learned in the shop and in the field.

The new and broadened objectives of vocational education in agriculture
guided the author in the selection and organization of the materials. The materials
included should be of value to persons engaged in or preparing o engage in (1)
production agriculture and (2) off-farm agricultural occupations.

The contents of the book cover a wide range of problem areas. A basic book
such as Mechanics in Agricultare has certain advantages for both the teacher and the
.earner. The chapters in the book have been grouped into the six major areas of
content in agricultural mechanics. In addition, because the metric system of meas-
urement is now being used in these major areas, a chapter on the metric system
has been included.

Lloyd J. Phipps
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PART 1

Introduction
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INTRODUCTION

Student Abilities to Be Developed

. Ability to appreciate the importance and understand the objectives of agricul-

tural mechanics 1nstruction.

. Ability to appreciate the value of good quality work and proper housekeeping

in a shop.

. Ability o select suitable and worthwhile agricultural mechanics projects based

on individual supervised agriculture experience programs.
Ability to understand and follow safety measures in agricultural mechanics.




CHAPTER 1

Understanding and Using Mechanics
in Agriculture

I3.
14.

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What is agricultural mechanics?

How important is agriculcural mechanics?

What are the objectives of agricultural mechanics?

What relation does agricultural mechanics have to students’ supervised
agricuiture experience programs?

How importane is repair work?

Why is good housekeeping in agricultural mechanics essential?
How should the students dress for agricultural mechanics activities?
How important is good quality work?

Whar factors should be considered in selecting projects?

What are the essential steps in completing projects?

. How important are student notebooks in agricultural mechanics?
. Whar does the student need to know before starting work on mechanical

activities?
What kind of projects should be undertaken firse?
What safery precautions should be followed?

Meaning of Agricultural Mechanics—The term “mechanics” is often used
to indicate some mechanical work such as auto mechanics or welding, but as used
in the vocational field it has a much broader meaning. The terms “agriculrural shop
work” and “agricultural mechanics instruction” are often used interchangeably in
connection with the program in vocational agriculture. “Agricultural mechanics in-
struction,” however, is a more inclusive term than “agricultural shop work.” Ag-
ricultural mechanics includes all the unspecialized mechanical activities performed

on the farm and in agriculturally oriented businesses and services. The following
five areas of instruction usually constitute the content of mechanics in agriculture:

1. Agricultural Shop Work. Selection, sharpening, care, and correct use of

shop tools and equipment; woodwork and simple carpentry; sheet metal

3




MECHANICS IN AGRICULTURE

work; elementary forge work; welding; pipe fitting; simple plumbing re-
pairs; rope work. '

2. Agricultuval Power and Machinery. Selection, management, adjustment,
operation, maintenance, and repair {excluding major repairs requiring
specialized equipment and services) of gas engines, tractors, trucks, and
the principal machines used in farming and agriculturally oriented busi-
nesses and services.

3. Agricultural Electrification. Utilization of electricity in the home and in
the productive entervrises; selection, installation, operation, and mainte-
nance of electrical equipment.

4. Agricaltural Buildings and Conreniences. Elementary scale drawing and
plan reading; farmstead layout; functional requirements of buildings, shel-
ters, and storages; basic Construction; concrere; water SyStems; sepric
tanks and sewage disposal.

S. Soil and Water Management. Elementary leveling, land measurement, and
mapping; drainage; irrigation; terracing, contouring, and strip cropping,

Importance of Mechanics in Agriculture—Most of the work in the many
and diverse occupations ia agriculture involves some type of mechanical activity.
With the increasing mechanization of work, people employed or self-employed in
agriculture cannot be successful unless they possess considerable mechanical
knowledge and skill. Agricultural engineers estimate thar approximately 85 per
cent of the machinery in operation on farms is more or less out of adjustment. In
addition to the adjustment of machinery used in farming and in other agricultural

(Courtesy Farm Safety Review, National Safety Council)

Fig. 1.1. Advance planning is essential in agriculturai mechanics. With advance
plarning and doing, difficuities such as this may often be aveided.

businesses and services, there are many mechanical jobs that a worker in an occu-
pation requiring knowledge and skill in agriculture should and can do after receiv-
ing training in agricultural mechanics, such as repairing agricultural machinery,
constructing buildings, remodeling buildings, maintaining electrical equipment, re-
pairing and maintaining home conveniences, and staking out contours and terraces.
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Objectives of Agricultural Mechanics—There are many values which every
student should receive from agricultural mechanics instruction. Some of the objec-
tives of the instruction are:

To develop Jdesirable work ethics.

To discover mechanical aptitudes.

. To develop dependable judgment in agricultural mechanics activities.

To develop basic skills in agricultural mechanics.

To develop self-confidence in performing mechanical operations.

. To understand the underlying principles of mechanical processes.

. To be able to recognize quality work in agricultural mechanics.

. To develop interest in and willingness to do agricultural mechanics jobs.

. To understand and determine which mechanical activities can be done
more economically by someone else. :

. To utilize opportunities for learning by doing.

. To deveiop abilities necessary for doing the unspecialized mechanical
jobs thar a worker in an agricultural occupation needs to be able to do.

. To develop the ability 1o work cooperatively and effectively with others

in a school's agriculrural shop.

b —

—
N

Relatiua of Agriceltural Mechanics to the Students’ Agriculture Experi-
ence Programs—The agricultural mechanics instruction shouid be closely related
to the students’ agriculture experience programs, including productive and im-
provement projects, supplementary jobs, and placement for experience.

When students in an agriculture class are receiving supervised agriculture ex-
periences through placement-employment training programs with fertilizer dealers,
they will probably need to learn how to operate, adjust, and maintain various fer-
tilizer application machines. They may also need to learn how to operate, adjust,
and maintain machinery involved in mixing and handling fertilizer.

When students in an agriculture class are preparing for gainful employment in
an ornamental horticulture occupation, they may need to learn how to operate,
adjust, and maintain such machines as turf pluggers, turf sweepers, tree injectors,
and greenhouse humidifiers.

When students are raising crops such as corn, they will need to learn how to
operate, maintain, adjust, and repair the tractors they use. They will also need to
learn how to operate, maintain, adjust, and repair the other machines used in pro-
ducing corn such as the planter, plow, disk, harrow, cultivator, and combine. They
may need to learn about some of the mechanical aspects of soil convervation, and
they may need to learn about carpentry in order to repair or remodel storage
facilities for the corn crop and for the machinery which they use. If they elevate
the grain produced into a storage facility with an electric motor, they may need to
learn something about wiring and the selection and care of the motor.

When students have sow and litter projects, they will need housing facilities
which may necessitate the remodeling or building of hog houses. They may need
to construct gates, feeders, troughs, crates, and chutes, all of which make excellent
projects. A student with a baby chick project will need feeders, stands, and pens,
which may be made in the shop.

The following is a partial list of projects, grouped according to their relation to
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cerrain agricultural enterprises, which are commonly included in supervised ag-
riculture experience programs:;

CROPS
i. Beet rack 8. Rope splicing
2. Crarte for poiatoes 9. Seed potato cutting facx
3. Ensilage rack 10. Seed tester
4. Hayrack 11. Seed treating equipmer:
5. Hotbed frame 12, Vegetable forcing box
6. Orchard ladder . 13. Wagon box
7. Machinery maintenance 14. Wheelbarrow
LIVESTOCK
Cattie
1. Calf stanchions 8. Loading chute
2. Cooling tank for milk 9. Milk loading platform
3. Dehorning chute 10. Rope halter
4. Feed bin 11, Stanchions
5. Feed bunk for grain 12. Stock shipping crate
6. Feed bunk for hay 13. Water trough
7. Feed or silage cart
Poultry
1. Automated feeding egquipment 14. Feeding trough
2. Automated waterer 15. Grit hopper
3. Brooder house 16. Hopper for green feed
4, Candling equipment 17. Nest for laying house
5. Carrying hook 18. Oats sprouter
6. Catching hook 19, Porrable chick brooder
7. Colony poultry house 20. Self-feeder for chicks
8. Door and window frames 21. Self-feeder for hens
9. Dcuble-tier wall nest 22. Shed roof type house
10. Dropping board 23. Show crate
11, Dry mash hopper 24. Srand for drinking fountain
12. Dusting box 25. Stand for mash hopper
13. Feed box : 26. Trap nest
Sheep
1. Drinking trough 5. Panels for lambing pens
2. Hay and grain rack 6. Poruable lamb trough
3. Lamb creep ' 7. Salt and mineral box
4. Loading chute 8. Shipping crate
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Swine
1. A-type hog house 11,
2. Breeding crate 12.
3. Colony hog house 13.
4. Concrete feeding floor 14.
5. Creep for pigs 15.
6. Farrowing stall 16.
7. Hog hurdles 17.
8. Knock-down hog pen 18.
9. Loading chute
10. Material handling equipment
maintenance

Portable fence, panels
Self-feeder

Self-oiler for hogs

Shed roof type hog house
Shipping crate
Smokehouse

Summer shelters

Trough

There are many other types of agricultural mechanics projects, activities, and
jobs which may be a part of a student’s supervised agriculture experience program.

FIRST-AID SUPPLIES

{Courtesy National Safety Council}

Fig. 1.2. First-aid supplies should always be available, but proper safety precautions
should be utifized in agricultura! mechanics to minimize the need for first aid.

Some of these activities are planning a soil conservation system or a strip cropping
system, laying out coatour lines, laying out terraces, and establishing a drainage
system. Construction projects such as the following may also be included in ag-

ricuiture experience programs.
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AGRICULTURAL EQUIPMENT

1. Bag holder 9. Farm field gate
2. Barn medicine cabinet 10. Fork and shove} rack
3. Barnvard stock gate 11, Machinery adjustment
4. Barrel cart 12. Road drag
5. Concrete steps, walks, and 13. Rope halter
feeding floor 14. Saw buck
6. Electrical conrtrols mainte- 15. Scoop endgate
nance 16. Tractor repair
7. Electrical wiring 17. Trailer
8. Electric motor maintenance 18. Truck and body rack

HOME CONVENIENCES

1. Basemenr fruit and vegetable 5. Medicine cabinet
rack 6. Painter's ladder

2. Flower trellis 7. Plant box

3. Fly trap 8. Step ladder

4. Folding bench

HOME SHOP EQUIPMENT

1. Aanvil stand 10. Rack for drills, bits

2. Bench drawer 11. Saw filing clamp

3. Bench hook 12. Sawhorse with open top

4. Bench stop 13. Sawhorse with solid sill

5. File handle 14. Saw jointer

6. File rack 15. Storage shelves—nails, screws
7. Lumber rack 16. Tool box

8. Miter box 17. Tool cabiner

9. Nail box 18. Workbench

Repair Work—It fias been found in several states that a large percentage of
the work in agricultural mechanics involves repair work such as repairing buildings,
machinery, and tractors. Many pieces of machinery are discarded when they might
have been repaired at a small cost.

It is true, however, that the construction of new projects is probably more
attractive than working on an old, rusty piece of machinery, bur students should
develop an appreciation of the economy of repair jobs, and they should do repair
work that is economically profitable.

Adjustment and Maintenance—A successful employee in a fertilizer plant, 2
seed house, or an agricultural equipment and machinery shop must know how and
be willing to adjust and maintain the machinery being used. Self-employed agricul-
tural workers also must be able to adjust and maintain machinery if they are to
make a profit. Inability to adjust and maintain machinery properly often leads to
loss of a job or failure of a business.
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{Courtesy National Satety Council)

Fig. 1.3. Anagricultural machanics stydent makes effactive use of operator's manuals.

Good Housekeeping Essential—A shop furnishes a very good place for the
formation of desirable habits. Many of the habits formed in school are carried
throughour life. Keeping the shop neat and tidy should be the ambition of every
student. Every piece of equipment should be kept in the correct position and
should be properly cleaned. A shop should be carefully swept each day. By a little
cooperation on the part of every student, a shop can be kept presentable at all
tuimes. Good housekeeping promotes safety and decreases loss of tools and
supplies.

Shop Dress—A person cannot accomplish as much in shop work when
“dressed up” as when wearing something ro protect good clothes. Coveralls afford
about the best protection. Many students prefer blue denim coveralls, bur they
have a tendency to fade on white clothing. For this reason they are not very practi-
cal. White coveralls very readily show dirt; khaki seems to be the best color for
shop coveralls. Students should plice their names in small letters on their coveralls
to prevent any argument regatding ownership. A very good place for the name is
under the collar. The coveralls should be kept in a special location in the shop
when not being worn.

Caps are very inexpensive and are very good protection for students working
with welders, on motors, or on any other project of a dirty nature. Black caps are
preferred by many workers because they do not show soil as readily as caps bf a
lighter color.

Work Quality—A student often has the mistaken idea that since much of the
carpentry and other work in agricultural mechanics is of a rough nature, little re-
gard needs to be given to work quality. High standards of quality are just as essen-
tial in agricultural mechanics work as in other types of shop work. This does not
mean that 2 pen for animals should be finished like a stereo cabinet, but it does
mean that all materials in the pen should be squared and fitted together properly.
The following partial list of standards is suggested:
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1. Use only materials of proper kind and dimension.
2. Stress durabilicy at all times.
3. Complete all jobs started.
4, Finish all projects before allowing them to be taken from the shop; that

is, have them completed and well painred.
5. Do not handle tools carelessly.

Employers in agricultural businesses insist that their employers produce good
quality work,

Factors to Consider in the Selection of Projects—There are several factors
which students should consider in selecting projects, a few of which are as follows:

}. Do I have any need for the project?

Will it be of any practical value to me in my supervised agriculture ex-
perience program?

Can plans be secured or drawn for it?

Are suitable marteriais available?

Are tools available to do the job?

Is it too expensive? Will it pay to do it?

. Will it give me a feeling of satistaction or pride?

SN

S ENVECE

Often students select projects merely to have something to do and are not
guided by the proper consideration of the preceding points.

Essential Steps in Completing Projects—Afrer students have decided upou
agriculture projects, they should conform to a procedure similar to the one that
follows:

Make a complete drawing or plan for the project.

Develop a bill of materials and esrimare the cost of the project.

Select and secure the proper materials.

Label and care for the materials secured.

Select the proper tools

Begin work on the project.

Do a good job.

Keep a record of the time spent on the job.

Figure the actual cost of the project, including personal labor, after the
project is completed.

100 QN en b I

Student Notebook—The notebook used for agricultural mechanics may be
the same as the notebook used for the other instruction received in vocational
agriculture. A loose-leaf notebook of the standard 814 by 11 inch, three-ring type
is preferable.

Notebooks in agricultural mechanics, if used correctly, provide records of the
problems and questions which students decide, with the assistance of the teacher
and classmates, should be solved and answered so thar they can conduct their ag-
riculture experience programs more effectively and efficiently. The notebooks
should also contain records of the conclusions reached regarding these problems
and questions.

The most important part of a norebook, however, is the student’s individual
plans, sketches, and lists of bills of materials. We learn by doing, but we must first
make plans for what we are to do. Any individual plans for specific agricultural
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mechanics activities should also be recorded on a calendar of activities for the
student’s supervised agriculture experience program.

Notes which are taken from material read, or during a preliminary class dis-
cussion of a problem, should be recorded on sheets for the notes of this type. They
should not be placed on the pages in a notebook designed for the recording of the
analysis of problems and for the conclusions reached regarding thesc problems. If
reading notes and notes takea during class discussion are placed on the pages
where problems are analyzed and wherte conclusions are recorded, these pages will
become so filled with irrelevant material that they will be of lictle value.

What to Undertake First—IDo not attempt projects which are too compli-
cated until some training in using tools has been received. Start with some project
which has practical value and which is not too difficult as 2 means of obtaining
experience. It is better to undertake some worthwhile project than it is, for exam-
ple, to merely square a board that will be thrown in the scrap pile after it is
squared. After students have learned how to use tools, they may thea begin more
complicated projects such as reconditioning a combine, repairing a mower, or con-
structing agricultural equipment.

Approved Practices in Agricultural Mechanics—If the instruction in ag-
ricu:!eural mechanics is to be effective and worthwhile, there are a number of things
which should be done. The following is a partial list of desirable practices.:

i. Select projects of a practical nature.
2. Finish projects before taking them home or to the business in which you
are employed.
3. Have a plan 10 follow before beginning work cn a project.
4. Arrack work which you are capable of doing,
5. Be careful in handling rools.
6. Follow instructions.
7. Work cooperatively with others.
8. Observe all safety precautions.
9. Keep busy at work of practical value.
10. Furnish vour cwn materials.
11. Keep your tools sharp and in good condition.
12. Secure necessary supplies outside of school hours.
13. Do your work to the best of your ability.
14. Keep the quality of your work high.

Safety Measures—There are a number of safety precautions which should be
followed in a shop, such as wearing safety glasses while you are using a grinder,
wearing a helmer while electric arc welding, and wearing safety glasses while
oxyacetylene welding. Other safety measures are suggested in Chapter 2. These
should be read and followed.




CHAPTER 2

Using Safety Precautions

()

©® e

10.

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

. What is the most frequent cause of accidents on farms and in nonfarm

agricultural jobs?

What are some of the precautions that may be taken to prevent accidents
in an agricultural shop?

Whar are the safety precautions that should be observed in using power
shop tools? Hand tools?

How shouid objects be lifted?

What general precautions should be observed when handling and moving
objects?

How may falls be prevented?

How may fires be prevented?

How may accidents caused by fumes and carbon monoxide be prevented?
What general safety precautions should be observed on farms and in ag-
riculturally oriented businesses and services?

What should be done when an accident occurs?

Agricultural mechanics can be dangerous if proper safety precautions are not
observed. There are many accidents in agriculture, and agricultural mechanics ac-
tivities are the source of the majority of these accidents.

At one time the most frequent cause of accidents on farms and in other ag-
ricultural businesses was animals. At present the more frequent source of injuries
in agriculture is machinery. Most accidents resulting from agricultural mechanics
activities may be prevented by the development of safe habits. Many of the safe
habits needed in all agriculeural activities may be acquired while learning the skills
and developing the abilities needed in agriculturai mechanics.

Aayone who does not form the essential habits of safety which should accom-
pany the development of an agricultural mechanics skill or ability is foolish.

SAFETY IN THE AGRICULTURAL SHOP

An agriculrural shop may be a safe place ro work or it may be a very danger-

13




14 MECHANICS IN AGRICULTURE

ous place. Whether it is dangerous or safe depends to a great extent on the intelli-
gent actions of those who work there.

Dress—Proper dress is a prerequisite for safety in a shop. Snug fitting clothes
with no tears, belts, or ties to become entangled in machines are essential. The
clothes worn should be washable so that undue care need nr¢ be taken to keep
them clean. Working in a shop while wearing dress clothes m:ay cause an accident
becanse of the excess caution that must be exercised to keep the clothes clean.

A necktie or a loose belt strap may become entangled in a machine and be the
cause of a serious accident. Coveralls are probably the most sensible type of gar-
ment to wear in a shop. Safety glasses should be warn also.

(Courtesy Matioral Commission on Safety Education, NEA)

Fip. 2.1. The wearing of inappropriate clothing can cause a serious accident.

Behavior—"Playing around” and teasing or annoying other workers in an ag-
ricultural mechanics shop may result in a serious accident, perhaps the loss of a
life. There is a time and place for everything. In a shop the undivided attention of
a worker is required for the acrivity being performed if the shop is to be a safe
place to work.

Color Dynamics—Various colors may be used to make a shop a safer place in
which to work. Every shop worker should learn the significance of each color and
observe the proper safety precautions.

A color code has been developed which should have the same meaning in all
shops and factories, and in agriculture. The color yellow means to watch out. Mov-
ing objects are painted yellow. Yellow and black parallel bars are used to identify
nonmoving objects or parts of machines which create the hazards of being struck
against, stumbled over, or fallen into.

The color orange means danger. It says b on guard. Machine guards, moving
parts, crushing or curting edges, and the insides of electrical switchiboxes are
painted orange.

The color red is reserved for firefighting equipment and its location. Green
indicates safety equipment and its location. White is used as a guide color. It is
used on floors, for example, ro mark direction of movement, and location of mare-
"~ -rials, The bodies of power tools such as table saws, grinders, or drill presses are
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painted a light green or a gray, and nonmovable edges of power tools are painted
vory.

Safety Instruction—A student should not use tools, especially power tools,
before receiving instruction regarding their safe use. Students who use a tool be-
fore receiving such instruction not only may injure themselves, but also may de-
velop some habits in using the tool which are dangerous. These unsafe habits are
often difficult ro eliminare and may sooner or later cause an accident.

Power Tools

Saw—A power saw, either table or radial arm, is a common power tool in a
shop on a farm or in an agriculturally oriented business. In addition, many shops
have electric hand saws. The first safety precaution in the use of a power saw is to
select the type, size, and speed of saw best suited for the type of work to be done.
If a saw in a school is not of the type or size required for certain types of jobs, the
instructor will probably inform the students of this fact at the time he or she
teaches the safe use of the saw.
ould form the habit of checking the con-
dition of saws, such as whether or not (1) guards are all in place and securely
attached, (2) the saw is sharp and che teeth are of uniform height, and (3) the saw is
correctly adjusted for the work to be done. The users of power saws should stay
alert. Adequate light is essential, and the floor should nor be liccered. A littered
floor may cause an operator of a saw to slip or stumble. In trying to prevent a fall,

the student may put a hand into the saw,

N P P Uy PGS [P
Before using power saws, students s

{Courtesy Agricufture Education Divison and Votational Agnculture Service, Unjversity of Ilfinois)

Fig. 2.2. Always use a miter gauge when crosscutting. Also wear safety glasses.
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If the blade of a saw is not sharpened and set properly or does not run straighe
and smooth, the saw should not be used until the difficulry is corrected. If a blade
is warped or cracked, it should be discarded ar once. The guard on a power saw
should always be in place. It does not pay to take chances in the operation of
power saws. .

While using a saw, the operator should not wear gloves. Before a saw is
started, a check should be made to determine whether or not anyone may be
injured by it. Removing sawdust frequently from under a saw may prevent the
operator from slipping or falling. Scrap material should be removed with a brush at
frequent intervals from the table of a saw. The operator should stand to one side of
the saw and not in line with the blade.

The most frequent accident with a power saw is getting hands into the blade;
therefore, the hands should be kept away from the line of cut. A long stick with a
notched end may be used to push narrow pieces between the saw blade and the
guide. The power should be shut off immediately if the marterial being sawed binds
or pinches. The saw blade should stop completely before the material is backed
away from the blade. If a saw breaks or does not work properly, the power should
be shur off and disconnecred, and the saw allowed to come to a complete halt
before repairs are attempted.

When ripping material, the operator should be certain that the anti-kickback
cogs are working. After work is finished, the operator should stay at the saw uncil it
has coasted to a complete stop as a precaution to prevent others from inadvertently

{Courtesy Agriculture Fducation Division and Vocatianal Agriculture Service, University of lilingis)

Fig. 2.3. When using a power drill, be sure o clamp the material being drilted se-
curely 1o the tabie of the drill. Also wear safety glasses.
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being injured on the saw while ¢ is still running, If a saw is not in safe operating
condition, the user should see that it is disconnected until it has been repaired. A
blue rag is often put on power tools and other equipment when they are not in
working condition. A pracrice in industry is to padlock the switch so that the
machine cannot be operated while it is not in good working order.

The saw blade should be adjusted so that the blade will extend above the table
ounly slightly more than the chickness of the wood being sawed.

Drill Press—The operator of a drill press needs to always check to be sure
thar the marerial being drilled is secure so that it will not turn with the drill. It is
dangerous to hold materials being drilled.

A frequent cause of an accident with a drill press is the failure to remove the
chuck wrench before the press is started. A good habir is to check the location of
the chuck wrench before starting the press. A safety precaution is to tape the
chuck wrench to the lead cord so that the press cannot be connected to the power
line withour first removing the wrench from the machine. When a portable drifl
press is used, the operator should check to see whether or not the tool is
grounded. The operator should also be careful not to overload the tool.

rinder-~Most shops contain power grinders, and accidents often result from
their improper use. An operator of a grinder needs to wear safety glasses. Others
working nearby also need to wear safety glasses to be safe. The ool rest on a
grinder should be kept adjusted so that it is close to and above the center of the

(Courtesy Nationat Commission on Safety Education, NEA)

Fig. 2.4. An emery wheet that is nof round is dangeraus and damages tools.

(Courtesy National Cemmission on Safety Education, NEA)

Fig. 2.5. Always remove the chuck wrench betore starting a drill prass.




18 MECHANICS IN AGRICULTURE

stone. The safe operator develops the habit of checking before grinding regarding
whether or not shields, guards, and lights are in position and properly adjusted.
The temperature of the grinding wheels should not be below room temperature at
the time the machine is being used. The manufacturer’s manual for the use of a
grinder and its attachments should be studied and followed by ali operators of the
grinder.

Hand Tools

Y

Most persons are familiar with the use of hand tools, but frequently hand rools
are used incorrectly, and they cause z high percentage of the accidents in work on
farms and in nonfarm agricuitural businesses. Many of the injuries result from the
the use of an improper tool for the job. An important ability in agriculeural
mechanics is to learn the tools best suited for various jobs. A hand tool to be safe
must be sharp and otherwise in good working condition. Tools that are not clean
can slip from the hands easily.

Sorting tools for the one desired often causes injuries. All hand tools should
be kept in tool cabinets or in tool racks where they are accessible without sorting.

The use of dull tools often results in injuries. Dull tools cause injuries by
sticking, slipping, or sliding, Sharp tools used correctly are safer. Slivers from dam-
aged or poor quality handles may cause painful injuries. Heads of hammers, axes,
and hatchets not securely fastened to handles are dangerous. Keeping ail tools in
good condition is an important safety precaution.

HAND T00LS
PRODUCE MANY INJURIES

{Courtesy U.S. Department of Labor, Wage and Labor Standards Adrinistration)

Fig. 2.6. The sats use of hand toals is essential.
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Hammer—A hammer is a simple tool, but its incorrect use may cause an
accident. When using a hammer, as when performing any other agricultural
mechanics aczivity, the undivided attention of the worker is required. Keeping the
eyes on a nail being hammered may prevent striking the nail at an angile, which
may cause chipping or a mashed finger. In driving 2 nail, hold it between the
thumb and finger near the head and give it a few light taps to start it. Make sure
before driving a nail chat the face of the hammer is clean and free of grease.

{Courtesy National Commission an Safety Education, NEA}
Fig. 2.7, Safeiy stared.

Hatchets, Axes—When using a hatchet or an ax, be careful that no one is
standing close enough to be hit by flying chips and that no obstructions are in the
line of swing. When the blade of a hatchet or an ax strikes the object, the handle
should be as horizontal as possible. Legs are in danger when the handle of the ax is
neatly parallel to the body.

DEFECTIVE TOOLS

WRONG TOOL FOR JGB

INCORRECT METHDD

BAD TOOL KEEPING

{Courtesy U.S. Department of Labor, Wage and Labor Standards Administration)

Fig. 2.8. Chief causes of hand to0! injuries.
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Harchets or axes may cause serious injuries if left lying on the floor. When
they are carried, they should be placed in leather cases. If a leather case is not
used, the blade should be turned away from the carrier,

Pliers—Pliers are not the correct tool to use ro loosen or tighten nuts. A
wrench of the proper size is better. Pliers slip off a nur more easily than does a
wrench of the proper size. Pliers are ot hammers and should not be used as such.

{Courtesy National Gommision on Safety Education, NEA)

Fig. 2.9. An example of what can happen when the incorvect tool for a job is used. It
also shows the importance of wearing safely glasses. .

Wire Cutters—When wire is cut, the loose ends may fly into the face or
hands, especially when the wire is coiled or when the wire is under tension. Take
hold of a wire to be cut close to the point where it is to be cut. Be sure the current
15 turned off on an elecerical circuit befo: = cutting,

Planes—Planes are relatively safe if they are used properly and if the blades
are kept sharp. Dull blades may cause injuries by jamming and sticking. To keep a
plane sharp, raise it slightly on the back stroke.

Saws—A safe saw is a sharp saw. Injuries may occur when starting a saw cut.
The thumb should be used to guide the saw blade until the cut is started. Pull the
saw up on the first stroke. Support the piece being sawed on a sawhorse or a
bench, or in a vise. A vise should be used when sawing with a hacksaw.

{Courtesy Nationat Commission on Safety Edutation, NEA)

Fig. 2.18. In agricullural work, select only tools with serviceable handles.
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Screwdrivers—Screwdrivers are not made to be used as chisels, pry bars,
hammers, or spark testers. Their use as substitutes for these rools may cause in-
juries because of their breaking or slipping. To avoid injury due to slipping, make
sure the blade of the screwdriver used fits the screw and is seated squarely against
the bottom of the slot in the screw. )

The work should never be held in one hand and the screwdriver in the other
because the screwdriver may slip and pierce the hand. When doing electrical work,
make sure the screwdrivers used have insulated handles to prevent shocks. All
screwdrivers should be keprt in good repair. A broken screwdriver is dangerous.

Wrenches—The most frequent cause of accidents with wrenches is the use of
a wrench that does not fit the: nut being loosened or tightened. Skinned knuckles,
mashed fingers, and sprained backs, fingers, and wrists may result when a wrench
slips. To avoid injuries when using wrenches, use only those that are in good
condition, and obtain solid footing so that slippage or breakage will not throw you
off balance, When a hard pull is placed on a wrench, make sure that the wrench fits
the nut or bolt squarely and snugly. Don’t use a wrench as a hammer. All wrenches
should be inspected before they are used. Defective ones should be discarded.
When using a wrench, pull if possible. If it is not possible to pull, push the wrench
with an open hand.

(Coustesy 1.5 Department of Labor, Wage and Labor Standard Administration)

Fig. 2.11. Always use the correct tool for the job.
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Chisels, Punches—The principal hazard in using chisels, punches, and similar
tools is allowing the heads to become mushroomed. Mushroomed heads when
struck may break off and injure the worker or someone else. A mushroomed head
may be made safe by grinding off the “mushroom.”

Pry Bars—Falling is the principal hazard in the use of a pry bar. When a bar
slips and causes the worker to fall, it is usually because the point of the bar was not
placed securely under the object being moved. Failure to place a bar securely
under an object may be caused by the dullness of its point.

Files—Using a file without a handle on the tang end is an invitation for trou-

WRENCHES

CORRECT FIV CORRECT PULL CORRECT HOLD

SCREWDRIVERS

DON'T PRY DON'T CHISEL DON'T HAMMER

CHISELS

KEEP SHARP HOLD PROPERLY DRESS HEAD
(Courlesy National Safety Gouncil)

Fig. 2.12. There is a correct and incorrect way to use all toois. Be safe. Learn the
correct way.
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bie. When a file that does not have a handle slips, the sharp point of the tang often
pierces the hand of the user. Keeping a file clean will help prevent it from slipping.
Since files are made of very brittle steel, they should never be used for hammer-
ing.

Knives—Using a knife that is too large or too small for the job may be the
cause of an injury. All knives should be kept sharp. A sharp knife is safer than a
dull knife, because less pressure is necessary in using a sharp knife.

In using a knife always cut away from the body and the hands. Knives should
be used only for cutting. Since knife blades are brittle, they are broken easily when
used as substitutes for screwdrivers or punches.

FILE

HOLD PROPERLY J0NT PRY

Bl | |
START THIS WAY

BANG IT Up KEEP IT SHARP

HAMMER

T
/%

GRIP WELL STRIKE SQUARELY = * KEEP CLEAN

{Courtesy Natianal Safety Council)

Fig. 2.13. The correct way fo use tools is the safe way.
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(Courtesy National Commission an Safety Education, NEA)

Fig. 2.14. A iiie is not made for prying. Always select the correct tool for the job.

(Courtesy U.5. Department of Labor, Wage and Labor Standards Adeninistragian)

Fig. 2.15. Specitic tool defects that cause injuries.

Handling Materials

Many injuries may be prevented in handling materials by wearing gloves and
hard-toe shoes. However, the most frequent hazard in handling marerials is lifting.
Proper lifting is a skill. The development of this skill may prevent back injuries,
ruptures, and sprains.

Workers should not attempt to lift loads which are too heavy for them. Per-
sons need to develop good judgment regarding what they can lift. Before lifting, a
worker should make sure that footing is secure. A good balance should be
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(Caurtesy Nationat Commissicn on Safety Education, NEA)

Fig. 2.15. The iise of salety biciks prevenis accidenis such as this.

achieved by placing the feet from 8 to 12 inches apart. The feer should be placed
close to the base of the object to be lifted so that the back muscles will not have to
life all the load.

Be sure to bend the knees outward and keep the back seraight. Lift the load by
pushing up with the legs. The load should be kept close to the body as it is lifted
so that full advantage may be taken of the mechanical leverage of the body. In
turning with a load, change the direction of the feet instead of twisting the body.
When a load is placed on a table, place it on the edge of the table and push it
forward. Let the table take part of the load.

When a load is to be placed on the floor, bend the knees, keeping the back
straight and the load close to the body. Lower the load with the arm and leg
muscles. Before placing a load on a floor make sure that there are blocks to sup-
port the load so that the fingers will not be pinched.

Never be afraid to ask for help to carry a load. It is better to obtain heip than
to sprain your back. If a load interferes with walking, it is safer to obrain help.

(Courtesy Bureay of tabor Standards)

Fig. 2.17. The correct way to lift.
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Keep the shop clean to avoid tripping and falling while carrying loads. Use
mechanical equipment for lifting and carrying loads whenever possible.

Falls

Falls, stepping on nails, and slipping or stumbling on pieces of lumber may
cause painful injuries. Neat working habits and alertness will prevent most acci-
dents of this type. Injuries may be avoided by developing the habits of keeping the
working area clean, replacing tools properly when they are not in use, placing
loose nails in a suitable container, and clinching or removing nails which are driven
through boards.

In a shop, grease should be cleaned from the floor as soon as it is spilled.
Slipping on grease may cause a dangerous fall. Another common cause of falls in
shops is the use of makeshift ladders. A chair, rable, or box makes an unsafe lad-
der. Reaching from ladders may also cause falls. Always take time to obtain a safe
ladder and then use it carefully. '

In the category of accidental deaths, rhe national toll from falls is exceeded
only by accidental motor vehicle deaths.

General Safety Frecautions

Machinery and Equipment—Tractor wheels that are kept spread whenever
possible will reduce tipping hazards. Guards thar are kept in place will make the
operation of machinery on farms and in agriculrural businesses less hazardous.
Many accidents may be prevented by turning off the power before adjusting or
unclogging machinery. The development of the habit of turning off the power
before working on machinery is a prerequisite for the safe operation of equipment.
Persons should not be aliowed to operate machinery until they have developed this
habit.

All equipment should be checked periodically to determine whether or not it
is safe. Before a tractor is started, it should be out of gear and the brake should be
set.

Power take-off shafts are dangerous, and the habit of not stepning over them
should be developed. Loose, torn, or ragged clothing worn around machinery is
dangerous. It is very easy to become entangled in gears and moving parts. In face,
avoid climbing over or around machinery when it is operating.

Another frequent cause of deaths and injuries is the operating of a tractor on
steep inclines and on treacherous banks. Adjusting and gerting in front of mowing
machines while they are in gear also causes many serious accidents.

Buildings—The ladders and steps in use on farms and in other agricultural
businesses are often in need of repair, and they cause many accidents. Handrails
should be placed on stairways, and ladder and hay chute openings need to be
protected adequately. These openings and stairways may be made less dangerous
by adequate lighting,
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QEACHING ON LADDER. TRIPPING OVER OBJECTS | NOT WATCHING YOUR STEP

NF D
L,

A
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SLIPPING ON GREASE NO GUARD RAIL

DEFECTIVE FLOORS OR STEPS

N

{Courtesy National Safety Council)

Fig. 2.18. Some common causes of accidents on farms and in agricuturat busi-
nesses.

Loose materials stored overhead may fall and cause injuries. Nails in loose
boards are often not pulied and may cause painful injuries. The yard and buildings
should be kept clean of tools, forks, rubbish, and waste.

Metal-roofed buildings require proper grounding. Frequent checks should be
made to determine whether the lightning rods on buildings are well grounded.
Ladders should be quickly accessible in case of fire, and they should be long
enough to reach the roof of tise highest building on the farm or the nonfarm
agricultural business.

Fires—Fires and explosions cause many deaths. Numerous explosions have
occurred in agricultural shops because gasoline was used for cleaning. Such an
explosion usually results in the death of someone and in the destruction of the
shop. The only safe use to be made of gasoline is as motor fuel. The use of
gasoline in a shop is especially dangerous. Welding in another part of the shop may
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{Courtesy Vocational Agricytture Service, University of fiinois)

Fig. 2.19. Failure to practice safety precautions can be expensive and painful.

cause an explosion. Only safe cleaning fluids with a high flash point should be used
for cleaning.

Paints, varnishes, and lacquers are flammable liquids which produce gases or
vapors when exposed to the air or when heated. These gases or vapors are very
combustible. Special care must be taken when quick drying paints, varnishes, or
lacquers are used inside a building. The proper mixture of air and vapors from
these products will produce violent explosions as well as fire. The vapors may be
ignited by a lighted pipe, cigar, or cigarette, a static spark, or an open flame.
Adequate ventilation will reduce the hazard of painting inside a building. All win-
dows and doors should be kept open while painting. It is not safe to spray paint or
use quick drying paint products in a school’s agricultural shop or home shop be-
cause of the many sources of ignition such as 2 welder or sparks from a grinder.

Fires may occur because of the improper storage of the waste rags used in
painting, or the improper storage of paint. Waste rags used in wiping paint may
cause a fire through spontaneous ignition. If waste rags are kept, they should be
stored in closed metal containers. Paint that is stored should be kept in closed
containers in a metal cabinet which is not located near stairways, combustible
materials, or heat.

All shop workers should know where the fire extinguishing equipment is and
how to use it. If workers do not know how to use firefighting equipment, it is their
responsibility to learn how. Everyone should feel a responsibility for removing and
reporting fire hazards. Aisles, fire escapes, and strairways should be kept clean in
case a fire occurs. Welding should never be done when flammable vapors, gases, or
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(Courtesy L.S.D.A.)

Fig. 2.20. Operation of a carbon dioxide fire extinguisher. Direct the discharge at the
near edge and the bottom of the fire, then forward and upward. Confinue 1o use after the
fire is out to prevent a reflash of the fire.

liquids are present. Engines should not be filled with gasoline in a shop; nor should
gasoline or other fuel be stored in a shop.

Agricultural businesses and farms need emergency water supplies for fires,
such as ponds, barrels of water in buildings, or hose attachments to a water system.
Water, however, should not be used to fight many types of shop fires. Boxes of
sand in buildings are also needed to supplement other equipment in fighting oil or
gasoline fires.

The elimination of oil- or paint-saturated rags, weeds, brush, old lumber, and
other fire hazards from around buildings will prevent many fires. Gasoline should
be stored underground or in an isolated tank at least 40 feet from the buildings of
an agricultural business or a farm. An additional safety precaution is painting
gasoline containers a bright red.

Tractors filled while running or while .hot may cause a fire or an explosion.
Cars, tractors, and other motors should be kept in buildings separate from the
barns. )

Approved types of fire extinguishers placed at or near the entrances of build-
ings are a worthwhile fire precaution. These fire extinguishers need regular checks
to determine whether or not they are operating correctly.

Brooder houses are frequent sources of fires, so they should be placed at least
100 feet from other buildings and from each other. If there is no rural fire depart-
ment, it is wise to arrange with neighbors to come with tools and ladders in case of
tire.

Newly stored hay often causes fire, so it should be watched closely. Another
common source of fires is smoking, Avoid smoking around farm or other agricul-
tural buildings, and do nor carry marches loose in pockets.

When starting a fire to burn rubbish, select a day that is not windy. Do not
start a fire close to buildings, because it may get windy.

Carbon Monoxide and Fumes—Fumes of various types produced in agricul-
tural shops are often dangerous as well as annoying. Welders and engines fre-
quently produce fumes, so agriculrural shops should be adequately ventilated in
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{Courtesy U.S.D.A.)

Fig. 2.21. Operation of a foam extinguisher. Direct the siream abave the fire and
against the walt i possible. } not, let the foam full on the fire with as litlle force as
possible. Learn how ta operate alt types of fire extinquishers and when ezch type should
be used. .

order chat all fumes may be eliminated quickly. Exhaust fans and hoods are often
used to remove fumes. If facilities for doing this are inadequate, a worker may
usually avoid danger by performing the activity producing the fumes outside the
shop.

Carbon monoxide is a poisonous gas and is produced by gasoline engines,
stoves, and furnaces. One or two parts of carbon monoxide in 1,000 parts of air
will cause death if breathed continuously for several hours.

If engines are operated in a shop, the shop should have equipmeat for remov-
ing the carbon monoxide produced. Often shops have flexible hoses or pipes that
may be artached to the exhausts of engines being operated. These flexible hoses or
pipes are connected with an exhaust fan.
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PRESSURIZED SODA- CARBON DRY FOAM
WATER ACID DIOXIDE CHEMICAL

{Courtesy Vocaticnal Agriculture Service, University of lllingis)

Fig. 2.22. Types of fire extinguishers.

The symptoms of carbon monoxide poisoning are weakness and weariness.
These are often followed by dizziness, a headache, and a desire to vomic. If these
symptoms are noticed, ger ro fresh air at once. Often, however, a tractor being
operated in a closed shop will produce carbon monoxide so rapidly that none of
these indications will be noticed before consciousness is lost.

If anyone is found unconscious in a shop, provide him or her with tresh air at
once. If persons overcome by carbon monoxide are given fresh air while still
breathing, they will usually recover quickly with no permanent injury.

A slight headache will usually follow the breathing of very small amounts of
carbon monoxide. If you experience headaches after working in a shop, suspect
carbon monoxide and check possible sources of the gas. '

Electricity—Farmers and workers in nonfarm agriculrural businesses subject
themselves to many dangers in using electricity. Since electricity is being used
more and more, it is essential thar agricultura) workers learn the precautions neces-

(Courtesy National Commission on Safety Education, NEA)

Fig. 2.23. All electrical appliances shouid be grounded before they are used.
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sary for using it safely. A very important safety habit is the disconnecting of the
current before any work is done on an electrical conductor. Circuits should not be
overloaded. Fuses or circuit breakers that have an amperage rating too high for the
conductors they are protecting will permit these conductors to overhear and cause
fires.

Portable motors are being used more extensively on farms and in nonfarm
agricultural businesses. To obtain the safe operation of these motors, heavy
moisture-proof rubber cords are essential. Frequeat checks of electrical appliances
and cords are important to detect unsafe equipment before it produces a fire or
shocks a worker. Special precautions should be observed to make certain that
portable electrical equipment is well grounded. The use of ground fault circuit
interrupters is recommended. Only approved electric fence controllers should be
used. All workers should know the location of the main switch box, and the path-
way to ir should be free of all obstructions so that the current may be disconnected
if trouble occurs. All agricultural workers also need to know how to treat electric
shock cases.

Sanitation and Health—Sunlight is beneficial, but excessive exposure of the
body to the sun may produce skin troubles and other difficulties. Heat collapse
may often be prevented by drinking plenty of water.

Care needs to be exercised to protecr drinking water from contamination.
Wells should be sealed to prevent contamination by surface water. The natural
drainage should be away from wells, and wells need to be located at least 100 feet
trom septic tanks and other sewage disposal locations.

During electrical storms, agricultural workers increase their danger when they
stand under a lone tree or near wire fences.

Farms and nonfarm agricultural businesses need first-aid kits located in
strategic positions. These first-aid kits need to be kepr well stocked, and agricul-
tural workers need to learn how to use them if they are to be of value.

FIRST AID

When accidents do occur, every agricultural worker needs to know what to
do. Knowing how to administer first aid may save a life. The value of first aid must
not be overestimated, however, and a physician should be called promptly, espe-
cially if the injury is serious or if the nature of the injury is not apparent.

First-aid methods may be considered here only briefly. It is desirable for
farmers and other agricultural workers to secure special instruction in first aid. In
most communities there are first-aid courses, taught under the sponsorship of the
American Red Cross, in which farmers and other agricultural workers may enroll.

Bleeding—The first thing to do after an accident is to determine whether the
patient is bleeding. If bleeding is occurring from a large artery, the patient may die
in a few minutes unless the bleeding is arrested. Bleeding may be stopped by:

1. Pressure over the wound with dressing,
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2. Application of pressure at pressure points.
3. A rourniquet.

In most cases a few layers of gauze with pressure over the wound will stop
bleeding. If this does not stop the bleeding, apply pressure at the appropriate
pressure point. Only use a tourniquet in life-saving situations. Never use a tous-
niquet unless there is no alternative. For ¢xample, if a leg is severed, a tourniquet
is necessary to keep the person from bleeding to death. A tourniquet should be a
piece of sterile cloth at least 1 inch wide. If nothing else is avcilable, use a hander-
chief, necktie, belt, or towel. Bleeding in the arm may be arrested by®appling a
tourniquet a hand’s width in front of the armpit. For the leg, place the tourniquer a
hand’s width below the groin.

Before appling a tourniquet, place several layers of gauze or cloth around rhe
arm or leg to prevent injury at the site of the tourniquet. Often when a tourniquet
is used, it is not tight enough, which may increase instead of decrease bleeding.
Use a stick, pencil, or ruler ro twist the tourniquet tight. Don't twist so tight that
the skin is cut, however. Twist the tourniquet rapidly until the bleeding stops.

Never let a tourniquet be hidden so that it may be forgotten. The first-aid
instructions of the American Red Cross require that every patient with a tour-
niquet be marked on the forehead with a red crayon. Pin a note to the person’s
clothing regarding the rourniquet. Seek medical assistance at once.

A rourniquet should not be used to stop venous bieeding, or bleeding from
veins. Blood from arteries is bright red and comes in spurts. Blood from veins is
dark blue in color.

{Gourtesy National Safety Council)

Fig. 2.24. The pressure points 1o stop bleeding.
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General Care—When an accident occurs, do not become excited and attempt
to move the patient immediately, because there may be a bone fracture or other
injuries which movement would complicate. Get the patient in a comfortable posi-
tion. Loosen tight clothing. Examine the mouth and remove any foreign sub-
stances. Remove false teeth and bridgework if there is danger that the person may
swallow them. Turn the head to one side if the patient is vomiting to prevent the
drawing of the contents of the stomach into the lungs.

If a fracture is possible, examine the patient with extreme gentleness. Splints
should be applied if a fracture is suspected. Wrap and tie the arm or leg in a pillow
if no splint boards are available.

All skin abrasions need treatment because if an infection starts it may lead to
blood poisoning. Clean wounds with soap and water and apply an antiseptic such as
iodine, merthiolate, metaphin, mercresin, or zephrain.

Shock—Treat for shock first and for injuries later. If the patiene has a weak
and rapid pulse; is cold, clammy, and covered with perspiration; is unconscious or
semi-conscious; or has rapid, irregular, and shallow breathing, treatment for shock
is needed. Lay the patient down with the head low. Keep the body warm by wrap-
ping in blankets and using hot water bottles. Provide plenty of fresh air. Give the
person a stimulant such as black coffee. A teaspoonful of spirits of ammonia in a
small quantity of water may also be used as a stimulant. Don’t try to give a semi-
conscious or unconscious person liquids, because they may strangle him or her.

Bruises—When the tissues beneath the skin are torn withour the skin being
torn, it is known as a bruise. Discoloration results because bleeding occurs, but the
bleod is unable to escape because the skin is not toen. Symptoms are sweiling,
tenderness, and soreness. A light bandage over a bruise may reduce internal bleed-
ing. Don't open the bruise, but use cold applications except when there is shock or
when the patient is old or acutely ill. The cold applications may be a saturated
sohution of Epsom salts or a 15 per cent solution of alcohol in water. '

Scalds and Burns—Pain caused by scalds and burns may be decreased by
proper trearment. The danger from a burn is in proportion to the area covered and
the depth of the burn. Excensive and deep burns should be treated by a physician
immediately.

Minor burns may be treated by submerging the area in cold water until pain
subsides. Apply a dry cloth for protection from contamination.

Only sterilized gauze should be used as a dressing, because there is extreme
danger of infection. Second-degree burns often blister. For second-degree burns,
remove clothing in the vicinity of the burns. Cover with a clean cloth dipped in ice
water. Blot dry and apply sterile gauze. If the legs or arms are burngd, keep them
elevated. Seek medical attention. If the skin is charred or white, it is a third-degree
burn. For third-degree burns, do not remove charred clothing. Loosely cover the
burns with a clean cloth. Keep burned legs and arms elevated, and do not permit
the victim to walk. Arrange for transportation to a hospital.

If an eye is burned, see a doctor or nurse at once. Until medical attention is

{
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received, flush the eye with water for 5 to 13 minutes. Then cover it with a protec-
tive bandage.

Breathing a flame or steam is serious. Keep the patient quier, apply an ice bag
to the chest, and give the patient milk or cream if he or she can swallow. Acid
burns may be treated by washing them with a solution of bicarbonate of soda. For

Fig. 2.25. Adificial respiration, meuth-to-mouth method. Tutn the viclim's head to
ane side and remove any foreign matter. Then place a ielded coat under the shoulders and
tilt the head back as far as possibia. Pull the chin upward to keep the air passage open.
Pinch the nistrils shut, take a deep hreath, place your mouth over the victim's mouth and
your thumb, creating a tight seat, and hlow anfil the chest rises. Remove your mouth and
listen for the air outfiow. Infiate the victim's lungs 12 times per minute. If first attempts to
inflate e lungs are unsuccessful, furn the victim an one side and administer sharp blows
between the shou!ders ip disiodge any cbsiructions in the air passage.




36 MECHANICS IN AGRICULTURE

alkali burns, wash with an acid solution such as vinegar. If the cause is not known,
flood the burned area with large amounts of water. Seek medical attention.

Artificial Respiration—Electrical shock, lack of oxygen, or water submer-
sion may cause breathing to stop. When breathing stops, artifical respiration is
needed. Farmers aud other agricultural workers who do not know how to give
artificial respiration should seek instruction.

While artificial respiration is being given, an assistant should loosen any tight
clothing about the neck, chest, and waist. The patient needs to be kept warm and
should not be given any liquids unril fully conscious. Keep the patient quiet and
lying down after he or she revives, to avoid heart strain. If a doctor (s not present
after the revival of the patient, give him or her a stimulant such as hot tea or
coffee. Get a doctor for the patient as soon as possible.

Do not move a patient any more than necessary to give artificial respiration.
Watch the patient closely after breathing starts, because frequently the breathing
will stop again.




PART 11

Agricultural Shop Work
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SHOP TOOLS AND EQUIPMENT

Student Abilities to Be Developed

. Ability to plan a suitable agricultural shop.

Ability to establish, equip, and maintain an agricultural shop.

Ability to recognize and follow the necessary safety rules in an agricultural
shop.

Ability to select the correct tools for an agricultural mechanics activity.

Ability to use power tools.

Ability to use hand tools.

Ability to sharpen hand tools.

Ability to repair hand tools.




CHAPTER 3

Developing a Home Shop for
Agricultural Mechanics

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

Why should a farmer or nonfarm agricultural worker have a home shop?
How may a home shop be established?

What are the essential requirements of a shop for agricultural mechanics?
What tools and equipment are needed?

How should the equipment be arranged in a shop?

What supplies are needed and how should they be stored?

How should the shop and equipment be maintained?

What safety precautions should be observed?

How should fuels and oils be stored?

he B I il

Why Have a Home Shop—One of the objectives of agricultural mechanics
instruction is the establishment of home shops. Agricultural workers should take
pride in maintaining properly the equipment they use on farms, in their businesses,
and in their homes. It is very important for agricultural workers to keep their
machinery and other equipment in satisfactory working condition for efficient op-
etration. It is also important that they keep all buildings and fences in proper repair.
Agricultural workers on and off farms also need to construct new buildings, fences,
and labor-saving devices occasionally. They may desire to install or assist with the
installation of electrical systems, plumbing systems, material handling equipment,
or other types of conveniences. By being proficient in the use of tools and baving
suitable facilities to perform the needed jobs which they are capable of doing, farmers and
nonfarm agricultural workers can save considerable time, inconvenience, and money.

Agricultural workers should have home shops for the following reasons:

1. To provide a suitable place for storing and using tools and equipment.
Tools are frequently lost when they are not properly stored; keep them in a
definite place.

. 'To provide suirable space for working on agricultural equipment.

. To provide storage space for shop supplies.

[FR0R )
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4. To provide adequate facilities for performing the shop jobs which should
and can be done on the farm, in an agriculrural business, and 1a the home.

Agricultural workers on and off farms cannot hope to be specialists in all the
jobs of a mechanical nature they encounter. The specialized jobs such as com-
pletely overhauling a tractor, using a welder to build up worn shafts and other
worn machinery parts, and repairing complex electrical equipment, in most in-
stances, should be taken to a specialized mechanic. The jobs unspecialized agricul-
tural workers should do will depend on their abilities and the availability of suita-
ble facilities. Unspecialized agricultural workers should endeavor to develop their
abilities to perform the unspecialized mechanical jobs needed in connection with
the successful performance of their jobs. Farming and other agricultural businesses
have become highly mechanized, making it important for all agricultural workers
to become proficient in the use of tools and in the maintenance of agricultural
equipment.

Establishing a Home Shop—A home shop may be established in a number
of different ways:

I. 1t may be set up in a separate building.

2. It may be constructed as a part of some other building, such as a machine
shed, a garage, or a rruck and tracror shed.

3. It may be placed in an existing building,

A few good tools with a definite place to keep them may be the beginning of a
home shop. Additional equipment and space may be acquired as funds become
available. It is important for a student of vocational agriculture to establish a home
shop or o improve the existing shop.

Requirements of a Home Shop—A home shop should (1) provide ample
space, (2) be of desirable construction, (3) have a suitable floor, (4) have a large
main entrance, (5) have adequare lighting and ventilation, (6) have a suitable chim-
ney, and (7) contain a satisfactory heating system. '

The size of a shop should be based on the kind and amount of work to be
done in ir. Home shops usually vary in width from 32 to 36 feet and in length from
36 to 40 feet.

A large doorway should be provided for moving large equipment in and out of
the shop. A door 24 to 27.5 feet wide and 14 to 16 feet high is desirable.

A concrete floor and a concrete apron outside the large doorway are Zesirable.
Other types of floors may be used temporarily if necessary. A well packcd dirt
floor in some cases may be used until a better floor can be made available.

Adeguate lighting and ventilation are important. The windows, if possible,
should have small panes, and be located on at least two sides of the building w0
provide for proper ventilation. Windows should not be placed directly above a
workbench, since tool cabinets may be hung in this space. The window space
should be equal to at least 20 per cent of the floor area.

Electric lights should be provided in a shop. Glare-free lighting should be over
each workbench, and over other work areas where there may be a need for sup-
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plemental light. Other lights should be placed near the ceiling so as to be out of
the way.

Sufficient convenience outlets should be located about the room to provide for
the use of electrical equipment. If an electric arc welder or another piece of
equipment using 220 volts is to be used, the shop should be properly wired with
220-volr circuits.

A chimney of sufficient size should be provided to meet the needs of the
heating system. The area around the pipe where it passes through the roof should
be insulated properly. It should be extended slightly above the peak of the roof to
obtain sufficient draft.

Praper beating facilities shontd be provided. An old stove may be available, or a
new one may be purchased.

(Gourtesy Wire Division, Republic Steel Gorporation)

Fig. 3.1. A pegboard tool panel for-storing hand tools in an agricultural shop.

Fig. 3.2. A tool-cabinet with doars for use in an agricuflural shop.
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Providing Tools and Equipment—The following procedure is suggested for
selecting and providing rools and equipment:

1. Prepare a list of the items already on hand.

2. Prepare a list of the items needed o perform the shop jobs often encoun-
tered in agriculrural businesses and on farms.

3. Compare the list of irerns needed with those on hand to determine which
ones 1o secure.

4. Decide (a) where you are going to obtain space for storing and using the
equipment, (b} the kind of shop you will have, and (c} how the tools will
be stored.

5. Decide which items are needed most urgently and should be secured
first. The amount of money available for the purchase of equipment
should alse be considered.

G. Decide which items of equipment may be homemade.

7. Select standard brand wols of good quality. This does not mean you will
have to secure the most expensive tools; neither does it mean that the
cheapest tools should be purchased. A medium priced tool is generally
satisfactory for a home shop.

8. Purchase and add tools and equipment as the need arises and money
becomes available.

SUGGESTED TOOL AND EQUIPMENT LIST
FOR A HOME SHOP

Machinery Tools

1 bender, iron, universal, complete
with dies

1 bieeder, hydraulic brake

1 chain, log

1 charger, battery

1 cleaner, parts

1 cleaner, washer, high-pressure
purnp

1 compressor, air

{ creeper, automobile

1 cutter, bolt

1 drill, twist, high-speed

1 gauge, thickness

I grinder, portable

1 hoist, safery, differential chain

1 impacr 1ool, /2", portable electric

1 indicator, speed

1 jack, heavy-duty, hydraulic

1 lamp, trouble, heavy-duty

1 light, neon timing

1 micrometer, 2"— 6" combination

2 oilers, bench, '/ pint

1 pr. pliers, long nose

1 pliers, water pump

1 puller, gear, heavy-duty

1 saw, abrasive cutoff

1 saw, metal curting

2 shears, metal, 314" and Yo"

2 stands, safety, 2 ton

1 tester, spark plug

1 tester, storage battery

1 wrench, air impace

1 wrench, socker, spark plug

1 wrench, stud bolr puller

1 wrench, tension

1 wrench set, Allen

1 wrench set, distributor

2 wrench sets, open end /4" to 34",
and set of metric sizes

2 wrench sets, socket and open
end, up to 24" by 32nds, and
metric set

2 wrench sets, special mechanic’s
/16" to 1", and metric set

1 wrench set, tappet

Metalworking

1 anvil, 100-150 lbs.
1 anvil scand (homemade}

1 blacksmich’s leg vise, 4'/5”

1 blacksmich's 32-0z. hammer
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1 propane torch

1 bolt cutter

1 center punch, 35"

3 cold chisels, Y:" to 3/,"

4 adjustable wrenches, 6", 8", 10",
and 12"

1 eleceric arc welder, 220 amp.,
and oxyacetyiene ouefit

1 electric drill, /2" heavy-duty,
with stand (desirable}

1 file, flat bastard, 10"

1 file, round bastard, 10"

1 file, mill bastard, 107

1 hacksaw frame and 1 doz. blades

1 hand drill

1 hardie to fit anvil

1 machinist’s hammer, ball-peen,
11b.

1 machinist’s vise, 4'/2"

1 machinist's hammer, 24 oz.

2 monkey wrenches, 10" and 24"

1 pr. boit rongs, */v" x 20"

1 pr. straight lip tongs, 20"

1 electric soldering iron, 300 W.

2 pr. pliers

1 drift punch, 3"

2 pin punches

1 pr. tinner’s snips, 22" cut

1 pr. winged dividers

1 riveting hammer, 12 oz.

1 rivet set

2 reamers, taper, /2" and 1”

1 screw plate, tap and dies—NC
and NF—'/," to 3/,"

1 set S wrenches .

1 set bits—stock drills, 16" to 3/s"

1 ser box end wrenches, 3" to 1"

1 set socket wrenches, 12-point,
4" to 1" by 16ths with ratchet.
handle

1 ser double end wrenches, %" to
1“

1 vise-grip wrench, 8"

1 set Ezy-outs

1 snips, aviation

Carpentry

1 auger bit file

1 carpenter’s framing square, 16" X
24"

1 carpenter’s level, 24"

2 chisels, socket firmer, '/»" and 1”

I claw hammer, 16 oz.

1 combination carborundum oil
stone

1 combination miter and try
square, 12"

1 compass saw, 12"

1 crosscur saw, 26"

1 drawknife, 10"

1 expansive bit, /u"-3

1 file card

I grinding wheel dresser

1 half-round wood file

1 hatchet, 4” broad blade

1 jack plane, 14"

‘1 block plane, 7"

1 fine tape, 50’

1 marking gauge

1 mirer box (homemade)

4 nail sets, assorted sizes

"

1 ratchet brace, 10" sweep

1 round file, 10"

! ripping bar, gooseneck, 3/," X
3011

1 ripsaw, G-point, 26"

1 countersink

1 spiral screwdriver

3 screwdrivers, 6%, 8", and 10"

1 screwdriver for Phillips screws

2 screwdriver bits, /4" and /4"

1 set auger wood bits, Y."-1"

1 slim taper file, 6"

1 extra-slim raper file

1 tool cabinet (homemade)

1 tool grinder wheel, 1'/." face, 8"
or 10" diameter

1 woodworking bench, 24"-30"
wide and 6'-10" long
(homemade)

1 woodworking vise, metal
preferred, 7"

1 wood rasp, 107

1 rasp plane

Pipe Work

1 pipe cuccer, 1/s"-2"
1 pipe reamer, '/;"-2"
1 pipe vise, '/u"-2'/2"
2 pipe wrenches, 14" and 18"

1 set pipe stock and dies, '/s" to 2"
1 cutter, copper tubing
1 flaring tool, copper tubing

43
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Glazing

1 box glazier's points 1 putty knife, 1'/," blade
1 glass cacter _ 1 putty knife, offset

Concrete Work

1 cement edger 2 shovels, square point, shore

1 cement joinier handle

1 measuring box, 12" x 12" x 12" 1 tamper (homemade)
{homemade) 1 wood float (homemade)

I jointng wowel 1 set sear drills

1 pointing rrowel 1 set masonry drills

1 wheelbarrow

Power Tools

|l table saw, 10" with 1-HP motor 1 poruable electric drill, /4"

1 grinder, 8" x 1%/s" wheels 1 compressor, 10-gal. tank, 150-Ib.
1 portable saw, 8" capacity

1 sabre saw 1 portable grinder, 5" wheel

1 portable drill press stand and
porwable drill, /"

Electric Work

1 pr. lineman’s pliers 1 meter, volt-ohm

1 pr. long nose pliers 1 cable ripper

1 pr. channel lock pliers 1 keyhole saw

I screwdriver, ¥ 1" blade 1 tape, fish

1 cable cutter 1 tool pouch, electrician’s
I wire stripper and crimper 1 knife, electrician’s

I tape measure, rerractable

The first pieces of equipment to obtain for a home shop should include items
such as essential pieces of woodworking and mertalworking equipment, proper
storage facilities, and workbenches.

A number of pieces of shop equipment can be homemade. These include
workbenches, storage racks, anvil stands, sawhorses, tool cabinets, and miter
boxes. The workbenches should be made 24 ro 30 inches wide and 6 to 10 feet
long, depending on the size of the shop. The heights of benches vary from 30 to
35 inches, depeading on the height of the person using them. Tool cabinets should
be provided for storing tools. If wall tool cabinets are used, as shown in Fig. 3.4, a
panel is formed when the doors of the cabinets are opened, thus making all tools
readily accessible. They can be locked when the rools are not in use, and they
protect the tools from dust.

Arranging the Equipment—Insofar as possible, the equipment should be
arranged along the walls of the shop so that the center floor space is available for
repairing and constructing large pieces of equipment. Workbenches should be
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(Courtesy Wire Division, Republic Steel Corporation)

Fig. 3.3. A handy chalkboard reminder for a home agricultural shop.
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{Courtesy John Matthews, Vocational Agricufiure Service, University of lllinois}
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Fig. 3.4. A wall tool cabinet. (Plans developed by George Sprau, iHinois.)

‘placed along the walls with tool cabinets above them. It is desirable to have a
woodworking bench on one side of the room with the woodworking and carpentry
tools in a cabinet placed directly above the bench. A metalworking bench may be
placed on the opposite side of the room, with a wall cabinet containing mach:nery
and metalworking tools hung above it. If only one bench is available, a woodwork-
ing vise may be placed on one end and a machinist’s vise placed on the opposite
end. Tools such as forks, shovels, hoes, corn knives, and spades may be hung on
the walls.

Providing and Storing Supplies—The supplies to keep in a shop will de-
pend on the jobs to be done. The following is a suggested list to keep on hand:
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Carpentry
1. Assorted pieces of lumber of the more common dimensions
2. Assorted sizes of nails
3. Assorted sizes of wood screws
4. Glue, sandpaper, and steel wool

Painting, Finishing, and Glazing

. Clean rags or waste

. Glazier's points

. Linseed oil

. Putty or glazing compound

. Soap .

Turpentine

. Wood stain, shellac, and varnish

I AR R A

Metal Work

. Bar iron, flat, /s to ¥ inch thick

. Bar iron, round, /s to '/2 inch diameter
. Bolts, carriage, assorted sizes

Bolts, machine, assorted sizes

Washers, regular and lock, assorted sizes
. Cotter pins, assorted sizes

. Hacksaw blades

. Safe solvent for cleaning machinery parts
. Nuts, assorted sizes

10. Qil, machine

11. Oil, threading ‘

12. Rivets, iron, assorted sizes

13. Sal ammoniac

14. Soldering flux

15. Solder, 50-50

16. Angle iron

17. Pipe

18. Welding rod and electrodes for electric arc welding
19. Welding rod for oxyacetylene welding

MO 00 1 ON A e N e

The supplies should be stored as near as possible to the place where they will
be used. :

Lumber storage may be provided in the shop attic, on a rack, or along a wall.
Small pieces of lumber may be stored on a shelf placed below the workbenches.

Iron pieces may be stored in the attic space, on a rack along the wall, or on a
shelf below the metalworking bench; or they may be stood on end in a corner of
the room.

Small pieces, such as bolts, nails, and screws, may be kept in bins.

Hacksaw blades, welding rod, welding compound, and other supplies for use in
metal work should be kept in a cabinet' in the vicinity where they will be used.
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Fig. 3.5. A roiling tool cabinet. (Plans drawn by A. V. Meadars, illinois.)

- Maintaining the Shop and Equipment—The importance of proper mainte-
nance of the shop and equipment cannot be overemphasized. The equipment
should be kept properly oiled and adjusted and in good working condition at all

. times. Frequently check each piece of equipment to see whether or not any rust is
present; if so, clean it off immediately. Keep the saws, bits, and chisels sharpened,
and do not forger to wipe the dust from all machines occasionally.

Using Safety Precautions—Every precaution should be taken to make a
home shop a safe place in which to work. Agricultural workers on and off farms
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Fig. 3.7. An anchor for a blacksmith’s vise.

should recognize the dangers and hazards connected with using shop tools and
equipment and take the necessary measures to avoid them. The preceding chapter
is devoted to safety in agricultural mechanics.

Fuel Storage and Servicing Center—The home shop should not be used for
fuel storage and as a servicing center for tractors and trucks. Oil and fuels stored in
a shop create a serious safety hazard. It is best to keep no gasoline in a shop. If a
small quantity is kepr in the shop, it should be stored in a safety can. Tractors and
trucks should be refueled outside and not inside buildings.

Fuel storage facilities should be provided at least 50 feet away from any build-
ing or any other fire hazard. Most insurance companies will not pay a fire insurance
claim if fuel is stored in a building or within 15 feet of a building.

An aboveground tank is the cheapest way of storing fuel. When a tank of this
type is provided, gravity may be used to fill the tanks of tractors and trucks. If an
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Fig. 3.8. A saw roller. (Plans drawn by V. E. Burgener, Illinois.)
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(Courtesy Wire Division, Republic Stee! Corporation)

Fig. 3.10. A phone in the shop is very convenient.
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Fig. 3.11. An arc weiding table. (Plans drawn by Kenneth Dishi, Nlinois.)

aboveground tank is used, a shade should be provided and the tank should be
equipped with an approved pressure ventilating cap to reduce the loss of fuel by
evaporation. This pressure ventilating cap must have a vacuum release valve to
equalize the pressure when the air temperature drops. If a pressure ventilzting cap
is installed in a vented storage tank, the vent must be sealed. A storage taak should
never be sealed completely, because a rising temperature can increase the pressure
inside the tank until it bursts. A pressure ventilating cap allows the pressure to
increase only to a certain point.

The loss of fuel from a tank equipped wirh a pressure ventilating cap will be
considerably less than the loss of fuel in a vented tank. Also, more of the lighter
parts of the fuel will be saved, and the gum content of the fuel will remain lower,
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An underground storage system will save more fuel and is less dangerous than a
pressurized rank, which is above the ground, but it is considerably more expensive
to install. A

A cabinet should be provided by a fuel storage tank for storing oil. As a safery
precaution, fuel storage tanks should be marked to identify the type of fuel they
contain. All tanks should also be marked as follows: Flammable—Keep flames and
fire away. :

When refueling a truck or rractor, always keep the hose nozzle in metal-to-
metal contact with the tank being filled and be sure that the ignition aad lights are
turned off.




CHAPTER 4

Selecting and Using Hand
and Power Tools

A G 0

15.

16.

17.

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

Why is the proper care of tools importan:?

How should tools be cleaned?

What are the common kinds of planes and their uses?

What are some precautions in planing?

How should a plane be assembled and adjusted?

What are the common kinds of squares and cheir uses?

What marking tools are necessary?

What are the common kinds of saws, and how are they used?
How should lumber be held in place when sawing?

What are the common kinds of chisels and their uses?

. Whar are the common wood boring tools and their uses?
. Whar kinds of hammers are best for working with wood?
. What are the common types of wrenches, and how should they be used?
. What tools are needed for agricultural machinery repair and adjustment,

and how should they be used?

How do the principles of using power tools differ from the principles of
using hand tools?

What dangers are encountered in using power tools? What precautions
should be observed?

Why and how should power tools be grounded?

Importance of Tool Classification—Students should familiarize themselves
with the names of the different kinds of tools and their uses. Much of the success
in agricultural mechanics depends upon the proper selection of rools and their
proper use. It frequently happens that workers in agricultural businesses and on
farms do not know an 8-point saw from a 10-point saw, nor a jack plane from a
smoothing plane.

Importance of Proper Care of Tools—Knowing how to care for tools is

53
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{Courtesy Broadhead Garrett Co .}

Fig. 4.1. Some of the hand tcols found on farms and in agricultural businesses.
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. Steel framing square 10. Breast drifl 18. Keyhole saw

. Gountersink 11. Hand drifl 19. Compass saw

. Star drill 12. Wood chisel 20. Outside calipers
Nail set 13. Pipe wrench 21. Inside calipers

. Bit with it gauge 14. Drawing knife 22. Backsaw
Brace 15. Bevel square 23. Coping saw

. Expansion bit 16. Lineman’s pliers 24, Chain drill

. Spiral screwdriver 17. Pruning saw 25. Hacksaw

. Combination square
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exceedingly important, since their usefulness depends to a large degree upon their
care. Keeping tools well cleaned, oiled, and free from rust is essential, not only for
ease in handling, burt also for lengthening their life. Tools should always be treated
with oil when they are not in frequent use. It is also a good plan to keep tools
inclosed in a tool chest or cabinet when not in use. Likewise, tools must he prop-
erly sharpened for good results. Tools which are dull and rusty will not work
satisfactorily. Some precautions in the care of tools are as follows:

Do not drop tools.

Keep tools clean and free from rust.

Keeps tools sharp.

Be careful not to bring cutting edges in contact with meral, or nicking
may resuft.

5. Clean and put tools away in their proper places when through with them.
6. Choose the proper tool. Do not expect a crosscut saw, jor example, to rip
satisfactorily.

N

Cleaning Tools—All grease on tools should be carefully removed with a soft
material or, if necessary, by washing the tools with a safe cleaning solvent. Rust
may be removed and prevented as follows:

t. Apply cleaning solvent and let the tool sit for several hours.

2. Rub and polish with oil and well rotred pumice stone or with an emery
cloth.

3. Apply a thin film of light oil to the surface of the tool before it is put
away.

WOODWORKING TOOLS

Common Kinds of Planes and Their Uses—There are several kinds of
planes; each is designed for certain uses. The three common types used in agricul-
ture are jack planes, smoothing planes, and block planes.

Jack planes are usually 14 inches long and are used for smoothing long sur-
faces. See Fig. 4.2. They are the most frequently used type of plane in agricultural
work. Planing with a jack plane should always be done with the grain of the wood.
This leaves the wood smooth if the plane blade is sharpened and adjusted prop-
erly. It is best to begin planing on the highest spot of the area to be planed.

Smeoothing planes are 54 to 10 inches long, with the 8-inch plane being the
most common. See Fig. 4.2. As the name indicates, planes of this type are used for
finishing work. When using a smoothing plane, the grain of the wood should be
followed, since planing against the grain roughens the wood.

Black planes are usualiy smaller in size, those 6 to 6l4 inches long being the
most useful. See Fig. 4.2. Block planes are used for cutting across the grain on the
erds of pieces of wood, thus smoothing the ends. When using a block plane to
smooth the end of a board, care must be exercised to prevent the splitting of the
edges of the board. To avoid splitting off corners, clamp a piece of wood on both
edges of the board, or plane from the edge toward the center. Marking around the
wood with a sharp knife will often prevent splintering, because the wood will
break at the cut.
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LBIETH | WiETH POSITION
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Cabinet Seraper E,‘:‘é;{f :"Niy:“ S‘Iqﬁe r&ndg‘:f‘ 1. Si:rl:g;m:rh;:cllisn:rd woods. |
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{Courtesy U.S. Department of the Army)

Fig. 4.2. Types of planes an¢ their uses.

Precautions in Planing-—Some precautions to observe are:

3
2
3

4.

3

6.

Be sure thar che plane blade is sharp, with no nicks or high corners.

Be sure that the plane blade is properly adjusted.

Hold the lumber securely by placing it on a bench hook, in a clamp, or
against bench stops.

Be sure that there are no nails or other projections in the wood being
planed.

Use pieces of wood between the jaws of the vise and the lumber to
avoid bruising the wood being planed.

Place che right hand on the handle and che left hand on the knob of the
plane—vice versa for left-handed persons.

Begin planing the edge nearest to you and plane toward the opposite
end of the piece of wood.
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{Courtesy Stanley Tools)

Fig. 4.3. The parts of a plane.

1. Singte plane iron 6. Frog complete 12. Plane knoh

1A. Double plane iron 1. “Y" adjusting leve: 13. Handle boit and nut
2. Plane iron cap 8. Adjusting nut 14. Knoh beit and nut

3. Cap screw 9. Lateral atjusting lever 15. Plane handie screw
4. Lever cap 10. Frog screw 16. Plane baotiom

5. Lever cap screw 11. Plane handie 17. Frog adjusting screw

(Courtesy Stanley Tools)

Fig. 4.4. The correct method of holding a plane.

8. Plane with che grain ot the wood.

Y. Push the plane with long, even strokes.

10, Plane until the wood is cven and smooth.

11, Clean the plane of dust and shavings, and lay it on irs side o prevent
damuage o the blade.

If these precautions are followed, litedle ditficulty should be experienced in
planing. ¢ s best not to get in a hurry. Enough time should be raken to sharpen
and adjust the planc blade properly. Avoid hirring any metal holding the wood,
such as bench stops or vises, which may nick the blade of the plane.

Plane Parts—Assembling and Adjusting—Every farmer and other agricul-

tural worker should know how to assemble and adjust a plane. A correct adjust-
ment is necessary for sarisfacrory resules. See Figs. 4.5 and -.0.
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PUT THE PLANE | T
RON %&g TOGETHER. I-LAY THE PLANE
IRON CAP ON THE FLAT SIDE OF THE
PLANE IRON,AS SHOWN,WITH THE SCREW
N THE SLOT. 2-DRAW THE PLANE RON

Cap BACK. 3-TURN IT STRAIGHT WITH
THE PLANE [RON.

4-ADVANCE THE PLA;E
iroN CaP UNTIL THE
EDGE 1S JUST BACK
OF THE CUTTING EDGE.
OF THE PLANE IRoN.
THE PLANE IRON CAP
MUST NOT BE DRAGSED
ACROSS THE CUTTING
EDGE.

THE PLANE IRON CAP SHOULD EXTEND
Y6"BACK OF THE CUTTING EDGE FOR
GENERAL WORK. ON CROSS-GRAINED
OR CURLY WOOD IT SHOULD BEAS NEAR
TO THE CUTTING EDGE AS POSSIBLE.

{Courtesy Staniey Tools)

Fig. 4.5. Assembling a piane blade.
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CLOSEUP OF
ADUUSTING NUT
AND BLADE

(Courtesy U.5. Department of the Army)

Fig. 4.6. Procedures for adjusting a plane.

Common Kinds of Squares and Their Uses—Squares are very important
because a board should always be marked with a square before it is sawed. The
common kinds of squares used in an agricultural shop are:

1. Steel framing square
2. Try square

3. Bevel square

4. Combination square

The stee! framing square is used for squaring boards and timbers and for laying
out rafters. One side or arm of this square is 24 inches long and is called the blade.
The other side of the square is usually 16 inches long and is called the tongue.

Try squares are smaller than framing squares, the lengths of the blades ranging
from 4 to 12 inches. For small or narrow pieces of wood, a try square is more
convenient to use than a large framing square. The handles of try squares are made
of wood or steel. A try square with an 8-inch blade and a steel handle is a very
satisfactory type. Try squares should not be used as hammers, because this will
cause them to become bent and not square.

Berel squares are adjustable so that they can be set for marking various angles
from O degrees to 180 degrees. A bevel square is often used for marking rafters.
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TRY SQUARE

usEy YO 1ET
]

TRY SQUARE

USED AS A GLIDE EDGES

FOR MARKING ACROSS

SMALL LUMBER

TRY SQUARE
USED TO
SQUARE ENDS

(Couttesy U.S. Department of the Army)
Fig. 4.7. Try square and three of its uses.

. ] . (Cauries;: _I-.Ienry: Disston and Sons, Ing.)
Fig. 4.8. Using a try square fo test the trieness of the surface of a board.
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SLIDING T-BEVEL

_4"7
Il TENIEH

MARKING THE ANGLE ON A BOARD

(Courtesy U.S. Dapartrient of the ATmy)

Fig. 4.9. A sliding T-bevel and iis uses. A primary use is to transfer angles from one
piece of lumber 1o another.

DRAFTING
TRIANGLE

r45°\\/ 45°
7?

it

FRAMING
SQUARE

EESCERS
A

ot ¥
eSE |

GOMBINATION
SQUARE SETTING THE T-BEVEL
c o)

Fig. 4.10. Adjusting a sliding T-bevel to a desired setting.
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The angle is first obtained with a framing square, and this angle is then transferred
to the bevel square.

A bevel square may also be used to test a bevel or angle to determine whether
or not it is correct and whether or not it is true, neither concave nor convex. If a
65-degree bevel or angle is to be tested, for example, a protractor or framing
square may be used to adjust the bevel square for this angle.

The leagth ot the blade of bevel squares varies from 6 to 12 inches. An 8-inch
blade is a very satisfactory size for use in an agricultural shop.

Combination squares may be used for several purposes. The head can be re-
moved from the blade, or it may be moved up and down the blade. The head has a
bubble level, a 45-degree-angle side, and a 90-degree-angle side. It is, therefore,
possible to use 2 combination square as a straightedge, as a marking gauge, as a
depth gauge, as a miter square, as an outside or inside try square, or as a level. See
Fig. 4.12.

BLADE

TRV TY Ii'“—_]ﬂ“k'“k'”ﬁ

CLAMPING SCREW
SCRIBER \u
) 0

Fig. 4.11. A combination stuare.

. Qutsida Try Squors
Lave!
Plymb

Inside Try Squurt

: glitrc“
Marhing Depth quo
Gouge Gauqa -
Straighlt 9
Edge

[Courtesy Stanley Tools)

{Courtesy 4.5, Department of the Army)

Fig. 4.12. Uses of a combinatien square.
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Marking Tools—In marking wood, the following tools are necessary:

1. Pencil or knife
2. Marking gauge

A board may be marked for squaring and sawing with either a sharp-pointed
pencil or a knife. In fine work a very fine line is necessary because a heavy line
may cause a variation in the lengths of the pieces, after they are sawed off, of as
much as Y2 inch. This difference may be important in fitting small pieces together.
A sharp-pointed knife is the best marking tool to use for marking a board that may
splinter when it is sawed, chiseled, or smoothed. In laying out a piece of wood, the
following should be done:

1. Square ptece with a square.
2. Mark around the entire piece.
3. Saw carefully, following the line.

THUMB

BEAM SCREW

D
SETTING THE MARKING GAUGE

{Courtesy U.S. Department ¢f the Army)
Fig. 4.13. Seiting a marking gauge and using the gauge to mark a board to be ripped. .
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A marking gauge is often used when marking lines parallel to the edges of
material. However, this job may also be done with a straightedge and a pencil.

Rules—Rules are graduated or divided into various fractions of an inch. The
common graduations used are eighths, sixteenchs, thirty-seconds, and sixty-fourths
of an inch. See Fig. 4.14 for rules with eighth-inch and sixteenth-inch graduations.
Metric rules are also available. Before using them, check the rules to determine
graduations.

I 1| ZI | | 1’ 2'

Fig. 4.14 Examples of two gradvations frequentiy found on rules such as the fool
ruler, yardstick, zigzag rule, folding rufe, pull-push rule. and fapes. The graduations on
the rule to the ieft are eighth-inch, and the graduations on the rule io the right are
sixteenth-inch.

90 80 70 60 S0 40 30 20 (0 5!0 |

090 80 70 60 50 40 30 20 10 40090 80 70

H 250 300 400
[H  COMMON RAFTERS __— PERM AR 1031 104+ 072 P%—n
0 HIP Of VAULEY w - W 1836 144G (L% Y T N
[ mmDIFF N "~ VENGTH OF JACKS — —  aDU mm GENTERS 2 o) a3 447
CE—— " i [y 00 mm €18 26 [1X3 £71
SIDE_CuT OF JACKS USE DPP_ 200 mm LIN 08 209 21 FEE)
= ] AP QR YALLEY L) . x [T} 204 208 212

50 40 30 20 10 50090 80 70 60 30 40 30 20 10 40090 80 70 &0 50 40 20

Lo bty gsioste ot g Gt ol loi)

{Gaurtesy Vocational Agriculture Service, University of llinois)

Fig. 4.15. An example of a meiric rule found on a metric square. The numbers in the
center are for the iafter table.

Chalk Line—A chalk line is used for marking a straight line on a board, wall,
ceiling, or floor. A chalk line is a string that has been coated with chalk dust so that
it leaves a line when snapped. A carpenter’s chalk may be purchased for this pur-
pose. A self-chalking line is also available. Fig. 4.16 illustrates the snapping of a
chalk line.

When a chalk line is used, fasten one end of the line to a nail. Stretch the line
taut, but not too taut. If the line is too tight, the chalk dust will fly out of the string
before it strikes the surface of the wall, ceiling, floar, or board. Snap the line from
the end opposite the fastened end. The number of inches between the end of a

L X

f 2

{Drawn by fonald Ipsen)
Fig. 4.16. Snapping a chalk line to mark a straight line.
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chalk line and the point where it is snapped should be equal to the total number of
feet of the line. For example, if the line is 20 feet in length, snap the line 20 inches
from one end. Pull the line up 1 inch for each 3 feet of the total length of the line.
For example, if a line is 20 feet in length, it should be pulled up approximately 7

inches. Always pull the chalk line string straight away from the area which is to be
chalked.

Common Kinds of Saws and Their Uses—There are several different types
of saws, each being designed for a definite purpose. However, there are only a few

which are used frequently by workers in agricultural businesses and by farmers.
They are as follows:

1. Crosscur saw
2. Ripsaw

3. Compass saw
4. Coping saw

N

_ : ]
]
[3
_ 1 ]
: 1 :
3
_ | 1
] []
o LN\\MI\N\N\N\N

Fig. 4.17. Saw points par inch.

(Drawn by Aonald [psen)

Crosscut saws are used frequently on farms and in many agricultural businesses.
As the name indicates, they are made for cutting across the grain in wood; con-
sequently, they caanot be used very successfully in ripping or cutting with the
grain. In sawing a board, after it has been squared and marked, use the foliowing
procedure:

1. Grip the handle of the saw with the right hand, placing the index finger
and the thumb on the sides of ¢he handle. See Fig. 4.21.

2. Place the left hand on the board to the left side of the mark, so that the
side of the thumb is next to the mark.

3. Use the thumb as a guide for the saw blade and take two or three slow
upward strokes with the saw, using precaution to keep on the mark and
to prevent the saw from jumping.
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. Start sawing on the outer edge of the mark; otherwise, the board will be a

trifle short because of the waste in sawing.

Hold the saw firmly.

Hold the saw at an angle of about 45 degrees when curtting.

Keep the saw square with the face of the board. Test with a try square if
necessary.

Take long, slow strokes, and do not force the saw. Pressure should be
applied only on the downward strokes.

. Hold the end of the board with the left hand after the saw is well started

to prevent the binding of the saw and the splitting of the board.

(Cowrtesy Hanry Disston and Sons, Ine.)

Fig. 4.18. In starting a saw, steady the saw blade with the thumb, and pull the blade

up several times. In starting a ripsaw, use short forward thrusts of the saw.

Crosscut saws can be secured in lengths of 20, 22, 24, and 26 inches. The 24-

and 26-inch lengehs are very popular for agricultural shop work.
Ripsaws, as the name implies, are used for sawing with the grain. In cutting
with ripsaws, use the recommended procedure:

ST

Hold and start a ripsaw as outlined in Fig. 4.18.

Hold the ripsaw ar an angle of about 60 degrees. See Fig. 4.19.
Use long, easy strokes in sawing.

Use wedges between the cut surfaces if the board binds.
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Ripsaws can be secured in 22-, 24-, and 26-inch lengths. The 24- and 26-inch
lengths are the lengths often used on farms and in agricultural businesses.

Compass saws are used to cut curves and circles or to start sawing 4 hole in
wood. The most convenient size is one 12 to 14 inches in length with 8 points to
the inch.

Coping saws are used for cutting curves. While they are not frequently used by
agricultural workers, they are needed occasionally.

[Courtesy Henry Disston and Sons, Inc.)

Fig. 4.19. A ripsaw should be held at a 60-degree angle to the wood.

Backsazws are not often used in agricultural shops, since their principal use is in
cabinet work. The teeth are very fine, which makes this type of saw very desirable
for cutting moldings, corner angles, picture frames, and joints. Backsaws may be
secured in 8-, 10-, 12-, 14-, and 16-inch lengths with 12 to 16 points to the inch.
The most popular backsaw is one 12 inches in length with 14 points to the inch. In
using a backsaw, hold the board firmly in place.
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.

Meaning of 8-Point, 10-Point Saws—The coarseness or fineness of the saw-
ing teeth of saws is designated by the number of teeth per inch. An 8-point saw has
8 points to the inch. A 10-point saw has 10 points to the inch. The more points per
inch, the finer the saw teeth.

Crosscut saws can be secured with 7 to 10 points per inch. Eight- and 10-point
crosscut saws are frequently used in agricultural shop work. Ripsaws can be se-
cured with 4 to 7 points to the inch, the 6-point saw being a good size for agricul-
tural shops.

(Courtesy teary Disston and Sons, lac.)

Flg. 4.20. A crosscut saw should be heid at a 45-degree angle to the wood.

Holding Lumber in Place for Sawing-—All long pieces of lumber should be
placed on sawhorses or other supports while being sawed. The person doing the
sawing should stand so that one knee may be placed on the piece being sawed.
Short pieces of wood should be placed in a vise or on a bench hook. If a piece of
lumber is very long, two bench hooks may be used, one at each end of the piece.
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-*----.--'.--.----

(Courtesy Henry Disston and Sons; inc.)

Fig. 4.21. The proper position for crosseéuiing.

8 WYOUR LINE

(Courtesy Henry Oisston and Sons, inc.)

Fig. 4.22. In sawing, follow the mark as illustrated in “A,” not as illustrated in “B.”
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Fig. 4.23. A coping saw is used for sawing curves. Notice how it is held.

Wood Chisels and Their Uses—There are two kinds of wood chisels fre-
quently used in carpentry work:

1. Secker chisels, which have a socket for the handle.
2. Tang chiselr, which have a spike-like projection for the handle.

A wooden maller should be used for pounding on a chisel. Sometimes the top
of the handle of a chisel is covered with leather to prevent the wood from splitting.

Chisels are used for cutting both with and across the grain. It is best to use a
sharp-pointed knife when marking dimensions for chiseling. The knife cut pre-
vents the wood from splitting away rom the mark.

THIN =
BLADE FERRULE HANDLE & ' m

\

o
15 @ PARING

CUTTIRG TANG CHISEL
EDGE QZ ME_?UM N
|3
2°

CUTTING EDGE LEATHER TIPPED
HANDLE

@ FIRMER

g THIER

: 1 g - 2
T T

lﬂ

5 @ FRAMING

{Courtesy 4).5. Departmant of the Army)

Fig. 4.24. Types of wood chisels.

@ SOCKET CHISEL
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RIGHT WROHG

@ CUTTIHG ¥ITH THE GRAIN

BEVEL DOWN
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VERTICAL
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SMOATHING LR PLANING
BY SHEARING ACTION

e Tt

(Gourtesy U.S. Department of the Asmy)

Fig. 4.25. Note the correct ways of asing a wood chisel.

Fig. 4.26. Removing wood with a wood chisei. The bevel of a wood chise! should he
atp when a smali amount of wead is to be removed and down when a large amount s to be
removed.

7
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Drawknife——A drawknife is used to remove wood when the amount to be
removed is considerable. Grasp the drawknife as shown in Fig. 4.27 and cut with
the grain of the wood. Keep the bevel side of the drawknife down when removing
small amounts of wood. A drawknife will pull more easily if one hand is kept in
front of the other so that a sliding motion is produced.

Fig. 4.27. When using a drawknife, keep one hand in front of the other so that a
sliding motion is produced. '

Wood Rasp—A wood rasp is used for smoothing rough work, and for remov-
ing small amounts of wood on curved and irregular-shaped objects. A wood rasp
should not be used without a handle, and the material on which the rasp is being
used should be firmly secured to prevent accidents, Let the rasp do the cutting. Put
only light pressure on the rasp. A rasp may be cleaned with a wire brush or file
card.

{Courtesy Nicholson Fite Company)

Fig. 4.28. Top—a fiat woed rasp. Bottom—a half round wood rasp.

Hand Boring Tools and Their Uses—Hand boring tools are very useful in
any shop. The most common wood boring tools are:
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1. Brace and auger bits
2. Automatic drill

_ ... Braces are of two maintypes—the ordinary and the ratchet. An ordinary brace

is satisfactory for all general work where plenty of room is available for making
complete revolutions with the handle. A ratchet brace is constructed so that com-
plete revolutions of the handle are not necessary; consequently, it is convenient to
use in corners or other places where there is little room 10 work.

Fig. 4.29. Nomenclature of an auger bit for a hand brace.

SETSCREW TANG

ADJUSTABLE CUTTER BLADE

Fig. 4.30. An expansion auger bit for 2 hand brace.

The automatic drill is generally used for making small holes up to ¥ inch in
diameter. It is very handy and should be in every shop.
The following procedure is recommended for boring holes in wood:

1. Place the bit in the brace, making sure that the shank of the bit fits firmly
in the jaws of the brace.

2. For drilling perpendicular holes, place the point of the bit in the wood
where the hole is to be drilled. Hold the brace in place and sight down
the bit to make sure it is perpendicular to the piece. A try square may be
placed 20 the wood near the hole as a guide in holding the bit perpen-
dicular.

3. To prevent the wood from splintering on the opposite side, drill unril the

point of the bit comes through, theu remove and drill on the opposite

side. A block of wood may also be clamped to the opposite side of the
piece.

To drill at an angle, ser a T-bevel square at the desired angle and place it

on the wood. Hold the auger bit parallel to the blade of the square while

boring.

:.E:\
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Fig. 4.31. The incorrect and correct way of boring through 2 plece of wood. To pre-
vent the wood from splintering, drill untli the point of the bit comes through, then drill
from the opposite direction.

Countersink Bits—Countersinks are used to form a flaring depression
around the top of a hole which is to receive the head of a flathead serew or a bolt.
Countersink bits may be used in a bit brace, a breast drill, or an electric drill.

(Courtesy Stanley Tools}

Fig. 4.32. A counfersink auger bit for a hand brace or a breast drill.

(Countesy Vocational Agrcuftere Service, University of lllinois)

Fig. 4.33. A countersink drili bit for a power drill.

Hammers and Their Uses—The most frequently used hammer is the claw
hammer. Always select a hammer of good quality, as it will receive a lor of use, A
claw hammer weighing 16 ounces is a desirable size. The face of a hammer should
be kept clean to prevent it from slipping off the nail. Always strike with the face of
the hammer and not with the side. The face is hardened for siriking. The handie
should be grasped firmiy near the end.

Nail Sets and Their Uses—Nail sers are used to drive finishing nails beneath
the surface or flush with the surface of the wood without scarring the wood with
hammer marks. The tip of a nail set is cupped so that it does not slip off the head
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Fig. 4.34. The comect method of pulling a nail with a claw hammer. When the handle
of the hammer appreaches a vertical position and before the nail starts to bend, insert a
block of wood under the head of the hammer and finish pulling the nail.
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l'@

The hammer stvoke in driv- Sirike the nail squurcly to Set the nail heod below
ing nail, avoid bending the nail and the surface of the wood.
denting the wood.

(Courtesy Stanley Toois)

Fig- 4.35. How 1o use a hammer and a nail set.

R

(1Y
{Courtesy U.S. Department of the Army)

Fig. 4.36. Use of a nai! sel.

of the nail. Nail sets are manufactured in various sizes from ¥3» inch to Va2 inch.
See Figs. 4.35 and 4.36 for illustrations of the use of a nail set.

Selecting and Using Screwdrivers—Screwdrivers are manufactured in many
shapes and sizes. A Phillips screwdriver is made to fit cross-slot screws. Offset
screwdrivers are used in tight places where a straight screwdriver cannot be used.
Spiral ratchet screwdrivers are used to drive or remove screws rapidly. Screwdriver
bits may be obtained for use in a brace and in a power drill.

When using a screwdriver, select one that fits the slot in the screw. The tip of
a screwdriver should not be wider than the screw. If it is wider, it will scar the
wood around the head of the screw. The tip of a screwdriver should not be larger
or smaller than the slot in the screw. If it is smaller, it will slip out of the siot
easily, and if it is too large, it will not extend to the bottom of the slot in the screw.

Select the longest screwdriver that can be used with convenience, because a
long one permits the use of more force than a short one.

Fig. 4.37. A Phillips-head screwdriver.
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The point or tip of a screwdriver blade should be kept square. Do not use a
screwdriver as a chisel or a hammer, or for prying.

If a screw turns hard, bore a pilot hole in the wood for a distance equal to the
threaded part of the screw. A pilot hole should be slightly smaller in the diamerter
than the diameter of the threaded part of the screw.

PHILLIPS
X (CROSS TiP}
DOUBLE-TIP

HEAVY-DUTY
{Coustesy U.5. Department of the Army)

Fig. 4.38. Tvses of offset screwdrivers for use in tigint lecations.

] ™~

- |

{Drawn by Ronald Ipsen)

Fig. 4.39. The screwdriver selected should fit the slot in the screw as shown here.
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{Gourtesy U.5. Depariment of the Army}

Fig. 4.40. With a square shank screwdriver a wrench may be used, it needed.

Selecting and Using Clamps—Clamps are used to hold pieces of wood of
metal in a certain position until fastened together in that position by nails, screws,
boles, glue, or welding. Clamps also may be used to exert pressure so that materials
may be fitted together properly. The types of clamps frequently found in shops are

shown in Fig. 4.41.

HAND SCREW CLAMP (WOODEN)

FIRHE SRR

[Courtesy United States Steel Corporation)

Fig. 4.41, Clamps are used frequently in an agricultural shop.
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Levels and Their Uses—Levels are used to determine whether a surface is
flar or horizontal. They are also used to determine whether a piece of wood or
metal is vertical, or plumb, conforming to a line attached to a plumb. Levels may
be purchased in various lengths and sizes. They are made of wood or metal. Metal
levels are often preferred because they do not warp. In selecting a level, choose
the longest level that is convenient for the work performed.

HORIZONTAL BUBBLE TUBE

@ CARPENTER'S LEVEL

VERTICAL BUBBLE TUBE

¢

CHECKING FOR TRUE
HORIZONTAL

J‘h

]

—

BUBBLE CENTERED
BETWEEN LINES

CHECKING FOR TRUE
VERTICAL

@ HORFZONTAL AND VERTICAL USE OF LEVEL

{Gourtesy U.S. Department of the Arry)

Fig. 4.42. A level and its uses.

Plumb Bob--A plumb bob is used to determine a plumb, or verrtical, line. It
may be used to check (1) whether the framing of a building is plumb, or vertical to
a level base, and (2) whether a post is vertical. A plumb bob may be used to locate
a point directly beneath an overhead point. A breeze may destroy the accuracy
when a plumb bob is being used.
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Fig. 4.43. These drawings illustrate how a plumb bob may be used to check whether
the corner of & building is plumb, or vertical to a horizontal basz. The drawing on the feft
shows a corner that is not plumb. The drawing on the right shows a corner that is plumb,
The distance between the corner and the attachment of the plumb at the fop is 10 inches,
and the ptumbd bob at the beitom is alse 18 inches from the corner.

PAINTING AND GLAZING TOOLS

Painting and glazing tools and equipment are described and their uses ex-
- . }
plained in Chapters 11 and 12.

WELDING EQUIPMENT AND TOOLS

The tools and equipment for oxyacetylene welding are described and their
uses given in Chapter 14. The tools and equipment for arc welding are presented
in Chapter 13.

METALWORKING TOOLS AND EQUIPMENT

Metalworking tools and equipment for sheet metal work are described in
Chapters 17 and 18. The tools and equipment for hot and cold metal work are
discussed in Chapters 15 and 16.
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AGRICULTURAL POWER AND
MACHINERY TOOLS

Wrenches—There are several types of wrenches used in the repair and ad-
justment of farm machinery, and machinery used in agricultural businesses. They
are classified into two main groups:

1. Fixed-jaw
2. Adjustable jaw

Two of the common types of fixed-jaw wrenches are open-end and box-end
wrenches. Open-end wrenches come in various sizes, the smallest having a */16-inch
apening at one end and a ¥s-inch opening at the other end. Box-end wrenches have
notches which completely box the nut or bolt head. Box-end wrenches are safer

OPEN — END
WRENCH

]\ ls.

DISTANCE AGROSS

FLATS
K RIGHT ANGLE

WRENCH.

Fig. 4.44. Open-end wrenches. Most open-end wrenches have an angle to facilitate
their use in close quarters.

WRENCH IS A WRENCH IS TGO
SNUG FIT LARGE FOR NUT
| ©
\ Nt
RIGHT WRONG
A GOOD NUT HAS A LOOSE WRENCH
SHARP CORNERS WILL ROUND CORNERS

{Courtesy U.5. Department of the Army}

Fig. 4.45. Always use a wrench that fits the siut,
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{Courtesy U.S. Department of the Army)

Fig. 4.46. Increasing the leverage o a wrench is not advisable,

v \

v\
N\
\
AN
IN TIGHT PLACES, TURN WRENCH \
OVER AFTER EACH TURN OF NUT QR BOLT

(Courtesy U.5. Department of the Army)

Fig. 4.47. The angle on an open-end wrench makes it more usable in tight places.

C S

{Courtesy U.S. Department of the Army)

Fig. 4.48. Lefi—an Aller wrench. Hight—a setscrew.
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than open-end wrenches if the correct size is used. Socker wrenches also completely
box the nut or bolt head.

In shops on farms and in agricultural businesses, the following fixed-jaw
wrenches are often used:

1. Socket wrench set—6, 8, and 12 point, Ys” to 14", with attackments.

2, Straight wrench set—12 sizes, *he" to 1"
3. Box-end wrench set—6 offset, ¥/s" to 1”.

Socket wrenches are best adapred for heavy-duty jobs. The vise-grip wrench is
popular, because a firm or vise-like grip on a aut is possible.

DIRECTION OF PULL

HANDLE

FIXED JAW
PROPER DIRECTION
TO TURN WRENCH

MOVABLE
JAW

@ CRESCENT OR SINGLE OPEN-END WRENCH

APPLY FORCE IN DIRECTION
INDICATED

WRONG

USING WRENCH

{Courtesy U.S. Department of the Army)

Fig. 4.49. Learn how to use the crescent wrench corractly.
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6-POINT REGULAR 12-PGINT REGULAR

12-POINT DEEP
8-POINT REGULAR

§-POINT DEEP

{Courtesy U.S. Department of the Army)
Fig. 4.50. Sockels for sacket wrenches.

RATOHE]

SCREWDR. 2
SOCKET DRoVE

ROKETE @

SLIDING “*T™ HANDLE

|

(Courtesy 4.5. Gepartment of the Army)
Fig. 4.51. Various driving attachments for a socket wrench.
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In selecting and using wrenches, consider the type of job to be done. The
number and location of the nuts and bolts may indicate the type of wrench to use.
Learn to judge the size of nuts and bolt heads so thar the correct size of wrench
may be selected. Always choose the safest wreach. Choose a socker wrench if the
nut or bolt is in a relatively inaccessible place. A ratchet handle may be used with a
socket wrench. Box-end wrenches are for general purpose work. They are suited
for use in close quarters, because as little as /12 of a turn can be taken each time
the wrench is shifted. Open-end wrenches are light, strong, and convenient. The
jaws are set at an angle, which makes it easy to increase the swing of the handle by
turning the wrench over.

Fig. 4.52. A box wrench and a box and open-end combination wrench.

e E - e 1:7_ |
{Coustesy Bureau of Labar Stzndards) |

Fig. 4.53. Torque wrenches for use with sockets.

In tightening a nur, turn it until the wrench feels solid. Then give the wrench a
sharp jerk. The sharp jerk will set the nur in a final postion without twisting if off
or stripping the threads. Knowing when a wrench feels solid comes with experi-
ence.

There are several types of adjustable wrenches. The common types used in
agricultural business and on farms are:

1. Crescent tvpe wrench
2. Vise-grip wrench

PIAL TYPE
af LTI
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Pliers—Pliers are designed to hold and to cut materials. They are not
wrenches. Wrenches are tools for tightening or loosening nuts or bolt heads. The
most common type of pliers used on farms and in agricultural businesses is the
adjustable combination pliers. They are a general purpose tool for holding flar or
round stock and for cutting wire. If used as wrenches to tighten or loosen nuts,
they may damage the sides of the nuts. '

Hand Drills and Drill Bits—Hand-drilling tools are the hand drill, breast
drill, and brace. Holes V4 inch and smaller may be drilled in metal by hand-
operated drills. The bits used in metal drilling tools are called twist bits.

In using twist drills, lubricate tool steel, soft steel, wrought iron, and copper
with oil. Drill cast iron, brass, and babbict dry. Lubricate glass with turpentine.

CRANK AND HANDLE

HANDLE

SPEED GEAR

w

\Dmcmm SIDE HANDLE

{Caurtesy Stanley Taols)

Fig. 4.54. A hand dril|l with the principal parts named.

In drilling with hand-operated drills, use the following procedure, which will
give good results:

1. Lecate the exact center of the hole.

2. Mark the center of the hole with a prick punch. Sink mark deep enough

with a center punch to receive the point of the twist drill.

3. Select a twist drill bit of the desired size.

4. Fasten the work securely.

5. Drill horizoneally whenever possible.

6. Place a drop of vil in center punch mark.

. Set the ratchet so rhat the drill will turn clockwise.

8. Keep the drill at righe angles to the work while drilling,
9. Provide a steady, firm pressure on the head of the brace.

10. Check to determine whether or not cut is located properly. If not, make
a nick with a chisel on the side of the cur toward which the drill should
be drawn.

I1. Pur another drop of oil on the cut.

12. Ease the pressure and drili slowly when the point of the drill breaks
through rhe metal.

[3. Pur the ratchet in the neutral position and work the drill back and forth
if the drill bit carches while finishing the hole.

[4. Drill a pilot hole first about one-half the diameter of the hole desired-if
the drill is difficult co force through the metal.
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LIP OR CUTTING

AXIS
OF DRILL

Fig. 4.55. Twist drill namenclature.

Vises-—Vises are used for holding work. There are three types of vises used in
agricultural work. They are the machinist’s vise, the blacksmith's vise, and the
general utility vise. The blacksmith's vise is made for heavy work. The general
utility vise has a small anvil on the back and has removable jaws. Pipe jaws may
also be used in a general utility vise,

When light or soft marterials are clamped in a vise, light tension on the jaws is
essential. For light, soft, and finished materials, loose jaws made of copper, brass,
or lead which fit over the regular vise jaws may prevent damage to the work.

When heavy or hard materials are secured in a vise, pull the vise up tight and
then give the end of the handle a sharp, quick push. The screw of vises should be
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DEPTH OF HOLE

To deill holes of uniform depth,
make a depth gauge. Cut a piece of
wood or dowel the nighe leageh, so the
drill will project the desired deprh
when the piece of wood is drilled and
slipped over the drill.

Fig. 4.56. The techniques of using a hand drill.

Hold the drill steady in
the direction desired and
exert an even pressure;
turn the crank 4t a constant
speed and not too fast.

To place cthe drill in the chuck, open it only
slightly more than the diameter of the drill
This helps to center ir. Inserc che drill. Tighten
the chuck by pushing forward on the crank
with the right hand, while holding che chuck
shell right wich the lefe chumb and forefinger.

It is sometimes
desirable to hold
the drill by the side
handle and press
the body against
the frame handle
like a breasc drilk.

UTILATY BENCH WISE

Fig. 4.57. The types of vises needed in an agricultural shop.

lubricated frequently with heavy 30- or 40-weight oil. Do not oil the swivel joint
of a vise because oil impairs its holding power. When a vise is not in use, close
jaws lightly and leave the handle in a vertical position.

Files—Fiies are made from hardened steel. They come in various shapes and

sizes, and in various sizes of cuts (chisel teeth).

MACHINISTS VISE

MECHANICS IN AGRICULTURE

(Courtesy Stanley Toals)
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The more common files are:

. Flat files which are used for smoothing both wood and metal.

. Rasp cut files which are used for smoothing coarse wood work.

. Half round files which are used for both metal and wood.

. Round bastard files which are used for enlarging and smoothing holes.
. Taper triangular files which are used for filing saws or cleaning threads.

NN S BN e

Some precautions in using files are as follows:

Fasten material to be filed securely.

Do not put too much pressure on the file.

Keep the file clean. This may be done with a wire brush.
Do not throw files on a bench, as it may dull their teeth.

ol

In using a file, hold the handle of the file against the palm of the hand, with
the thumb on the top of the handle. Hold the end of the file with the other hand.
Use pressure on the forward stroke only, and use only enough pressure to make
the file cut evenly. Do not bear down hard on a new file, or the reeth will be
ruined. A new file should be broken in by using it first on brass or bronze. Lift the
file on the return stroke. Do naot take more than 30 or 40 strokes a minute. Exces-
stve speeds will ruin both the file and the work. When work charters because the
metal is not held tightly, the teeth of the file may be damaged.

Langih is distance between hael and peind,

POINT HEEL  TANG 0 >

i L

(Courtesy Henry Disston and Sens, nc.}

Fig. 4.58. The names of parts of a file.

C__ —

TAPERED
BLUNT
SQUARE CIRCULAR
FLAT KNIFE
—a | } A O N = O
PILLAR TRIANGULAR HALF ROUND OvAL

(Courtesy U.S. Department of the Army}

Fig. 4.59. Various shapes of files.
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Rubbing chalk on a file before it is used will help to prevent it from becoming
clogged. If a file becomes clogged, it may be cleaned with a file card, pick, and

brush.
Do not use a file on material harder than the file. To prevent scratching or

cutting too deeply, use a little oil on the file.

= 5B

SINGLE CUT SECOND CUT SMOOTH BASTARD

\
.

- 33
. . x_:
S350
OOUBLE CUT SMOOTH BASTARD

{Courtesy U.5. Department of the Army)

Fig. 4.60. Varlous cuts of files.

@ REMOVING A FIL £ HANDLE
@ SETTING A FiLE HANDLE

MOLD HANDLE tH RHCHT
HAND AMD TIP WiTH LEFT

R

@ PROPER ME THOD OF HOLENNG FILE

@ USING FILE CARD

@ FILE CARD AND ME THOD OF USF

{CGoustesy U.S. Degartment of tha Army)

Fig. 4.61. Gare and use of a file.
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Hacksaws—Hacksaws are made to cut metal. Hacksaw blades are of two
types: all-hard blades and flexible blades. The all-hard blades are hardened
throughout. Only the teeth of the flexible blades are hardened. Use an all-hard
blade for sawing heavy work, tool steel, cast iron, and brass. Use a flexible blade
for sawing light and hollow materigls. Blades have from 14 to 32 teeth per inch.
Blades with 24 teeth per inch are recommended for general use. For heavy mate-
rial select a blade with fewer teeth per inch. For light material select a blade with
more teeth per inch.

First make cartaln festh cre pointing -u:: from
handle and place holes In blade over b pins.

Hold hadsaw this way when sawing.

{Courtesy Henry Disston and Sons, inc.)

Fig. 4.62. Installing a hacksaw blade and holding a hacksaw when sawing.

The following procedure should be followed in using a hacksaw:

1. Mark the material to be sawed. A file may be used to nick the material to
be sawed, and the saw can be started in this nick.

2. Make sure rhar the material is secure before sawing. -

3. Do not start the saw on a corner of the material to be sawed. The
maximum number of teeth should be engaged at all times. Start saw on
the widest part of the material.

4. Push the hacksaw forward with a light stroke.

5. Remove the pressure and puli straight back on the return stroke.

6. Do not use more than 50 to GO strokes a minute.

7. Prevent chattering on thin materials by placing pieces of wood or soft

metal on each side of the material being sawed.
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Punches—Punches are used to start holes for drilling and to punch holes in
sheet metal, 24-gauge or thinner. Center punches are used to start holes for drill-
ing. Prick punches are used for marking. Pin punches are used for driving out pins.
Holes Y15 to 'y inch in diameter may be made in sheet metal with a solid punch.
In punching holes with a solid punch, mark the metal with a center punch, place
the metal on a block of wood, and strike the solid punch with 2 heavy hammer.

The procedure to follow in using a hollow punch is to:

. Mark the center of the hole with a prick punch.

Use a pair of dividers to mark the circle for the hole. Ser distance of
dividers ar one-half the diameter of the hoie desired.

Place the work on a piece of wood and select a punch of the correct size.

g =

e

Long Taper Pin Solid Prick Center
Punch Punch Punch Punch Punch

Fig. 4.63. The types of punches.

START PINS WiTH THEN FOLLOW THRY AVOID BENDING OR
A SOUD PUNCH WITH PIN PUNCH BREAKING PIN PUNCH

A

Fig. 4.64. The correct use of solid and pin punches.

£

{Goartesy Cincinnati Fool Go.. Mirs. of Hargrave Tested Tools)

Chisels—Chisels are made to cut cold metal. They will usually cur any metal
which can be filed.

The four types of cold chisels, classified according ro shape, and frequently
found in a shop in an agricultural business or on a farm, are flat, cape, round nose,
and diamond point. Flat chisels are used for chipping, removing metal from a flat
surface, and cutting sheet meral. Cape chisels are used for cutting grooves and
slots. Round nose chisels are used to cur concave grooves, and diamond point
chisels are used to cut V-shaped grooves.
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{Drawn by Ranaid Ipsen)

Fig. 4.65. The types of cald chisels frequently used on farms and in agricultural
businesses.

In using a chisel, watch the edge of it. Sharp, quick blows are best. Reset the
chisel after each blow.

In cutting heavy, round stock, cut halfway through and then turn the stock
and make the rest of the cut from the opposite side. Cutting sheet metal with a
chisel will streech the metal, so this method of cutting should be avoided whenever
possible. In cutting sheet metal, mark the metal and use the vise jaws as a base to
secure a shearing action. Keep the cutting edge of the chisel flat against the vise
jaws.

The angle of the cutring edge of a chisel should be approximately 60 degrees
with the cutting edge slightly rounded. Sharpen chisels on an ordinary coarse
grinding wheel. Don't grind so fast that the chisel becomes heated, because heating
takes the temper out of a chisel.

(Caurtesy Staniey Tools}

Fig. 4.66. in removing metal, hold the chisel at an angle that will keep the surface of
the work and the lower bevel of the chisel parallel.

MEASURING TOOLS

Scriber—A scriber is used for marking lines on metal the same as a marking
pencil is used to mark lines on wood. Pur only enough pressure on a scriber to
make the mark clear.
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—

Fig. 4.67. A scriber.

Calipers—Three types of calipers used frequently are dividers, inside calipers,
and ourtside calipers. Diriders are used for scribing circles, for measuring distances,
and for transferring distances. Inside calipers are used for measuring inside diamet-
ers of holes and slots. Outside calipers are used to measure outside dimensions, such
as the diameters of rods.

WING

ADRJUSTING
SCREW

SETSCREW

DESCRIBING A CIRCLE TOSET AT A GIVEN LAYING OFF EQUAL SPACES
DISTANCE

USING DIVIDERS

(Courtesy U.5. Department of the Army)

Fig. 4.68. Dividers and their uses.

Micrometer—A micrometer is used for very accurate measuring. It measures
to thousandths of an inch. A mechanic may use a micrometer to measure the
amount of wear on parts such as valve stems.

A micrometer is a very delicate tool and must be used with care. It will take
measurements of less than the thickness of a page in this book. In measuring with a
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micrometer, plare the piece to be measured between the anvil and the spindle. See
Fig. 4.69. Screw the spindle until it touches the piece, but do not screw the spindle
until it clamps on the piece being measured. Excessive pressure on a piece will ruin
a micrometer. '

In reading a micrometer, notice that there are 24 numbers on 25 equal divi-
sions around the spindle. Each mark or division line represents one thousandth of
an inch. There are also gradation markings on the hub. Each gradation mark on the
hub represents 25 thousandths of an inch. Each number on the hub includes four
gradation marks and represents 100 thousandths of an inch. When the micrometer
is closed completely, the “0" on the spindle is aligned with the “0” on the hub. If
the spindle is unscrewed until the “10” mark on the spindle is aligned with the
lengthwise or reference line on the hub, the opening is 10 thousandths of an inch.
If the spindle is unscrewed one complete turn so that the “0” line on the thimble is
aligned with the reference line, the first gradation mark will be uncovered. The
opening will be 25 thousandths of an inch. When the (" line on the thimble is
aligned with the reference line and the “1” mark on the hub is uncovered, the
opening is 100 thousandths of an inch. '

One complete turn of the spindle will ¢ cpening of the micromerter
295 thousandths of an inch. As an example of an actual measurement, assume that
the 1" on the hub and two additional marks on the hub have been uncovered and
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(Courtesy L. 5. Starrett Co.)

Fig. 4.69. A sectional view of a Starrett Micrometer Caliper.
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that the number “16” on the spindle aligns with the reference line on the hub. The
“1” represents 100 thousandths of an inch. The two additional marks on the hub
each represent 25 thousandths of an inch. The toral on the hub is 150 thousandths
of an inch. The reading on the spindle represents 16 thousandihs of an inch. The
16 thousandths is added to the 150 thousandths, making a total of 106 thousandths
of an inch.
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Fig. 4.78. Steeve and thimble scales of 2 micrometer (enlarged).

CONCRETE TOOLS

The tools and equipment used in concrete work are discussed in Chapter 31.

PLUMBING TOOLS
Plumbing rools and equipment are shown and their uses ate described in

Chapter 34,

ELECTRIFICATION TOOLS

The special equipment and tools needed for wiring for agricoltural purposes in
businesses and on farms are presented in Chapter 38.
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POWER TOOLS

Principles of Using—Many of the principles of using power tools are ideati-
cal with the principles of using the hand tools designed for the same purposes. The
difference is often the fact that the power for operating is furnished by an electric
motor instead of by the operator. Therefore, be sure you understand the principles
of using hand drills, saws, files, and sanders before you attempt to use power drills,
saws, and grinders.

{Courtesy Brett-Guarg Co.. Englewood, New Jersey)

Fig. 4.71. Crosscutting with a table saw. Notice the use of the guard. A saw should
not be used without a guard. If the guard does net work praperly, adjust it or obtain a new
one.

Safety Precautions—A big difference berween hand tools and power tools is
that power tools are more dangerous. Accidents with power tools are often more
serious. Many examples could be given relating to the loss of fingers, hands, feet,
eyes, and even lives, in the use of power tools.

Before you use a power tool, be sure you have been “checked out” on the safe
use of the tool. Study the operator’s manual regarding the safe use of the tool, and
never operate a power tool unless all the safety guards provided by the manufac-
turer of the ool are functioning properly.

All power tools should be grounded properly befwre they are used. When
power tools come from the factory, they are insulated sc that the operator receives
no shock when using them. However, unless a safe ground is provided, an
operator will be shocked if a short develops. Headlines in papers frequently tell
about electrocutions resulting from the use of power tools that have not been
grounded safely.

How can a safe ground be provided for power tools? Most new power tools
are provided with three-prong plugs. The third prong of the plug connects with the
ground wire in the receptacle. Thus, if the tool’s insulation is damaged and a live
wire touches the frame of the tool, the current will pass through the ground in-
stead of through the operator’s body.
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{Drawn by Ronald Ipsen)

Fig. 4.73. Ripping with a portable circular saw, using a ripping guide n.

What should be done if the receptacle outlets for power tools are for two-
prong plugs instead of three-prong plugs? The correct procedure depends on the
type of wiring in the building. Since the fuse boxes in approved wiring systems are
grounded, a third or ground wire may be installed back to the fuse box. Recepta-
cles for three-prong plugs may then be installed. If the wiring is in conduir, the
conduit may be used as the ground if it runs to the fuse box. If the outlet boxes are
metal and the wiring is in conduit, an adapter plug may be installed so that the
three-prong plug on the tool may be used, The adapter plug has a ground wire that
is fastened under the center screw on the receptacle. If the receptacle is plastic, the
ground wire on the adapter plug should be fastened to the conduit or to a water
pipe, if the water system contains underground metal pipe.

If a portable power tool does not have a three-prong plug, it should be pro-
vided with a three-wire cable and a three-prong plug. However, until this is done it
may be grounded by attaching an insulated wire to the frame of the tool and fasten-
ing the other end of the wire to a grounded water pipe or grounded conduit. A
stationary power tool may be grounded permanentaly by attaching a copper metal
strap or wire to the frame of the tool and to a grounded water pipe or conduit. A
two-prong plug may be used if the power tool is insulated with plastic housings. To
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prevent ground faults when you are operating power tools, use a power cord with a
portable ground fault circuit intercrupter (G.F.1.C.).

Power Drills

Electric drills may be mounted or portable. The size of a drill indicates the
maximum size of hole which the drill is capable of drilling. If a larger hole is
drilled, the motor wiil he overloaded and the drill will stall.

The procedure for drilling with an electric drill is similar to the procedure
used in hand drilling. Have the motor running when the point of the drill bit is
inserted in the punch mark. Remember that twist drills do not pull themselves
through the meral and that pressure must be exerted by the operator. Relieve the
pressure when ths point of the drill begins to break through. Pull straight back
when removing the drill.

Portable Power Drills—One-fourth-inch, 3g-inch, and l5-inch portable
power drills are popular in agricultural businesses and on farms. The size of a drill
refers to the maximum size shank the drill will hold.

Portable power drills may be used for drilling in wood, metal, plastic,
masonry, and so forth. Attachments of varicus sorts are available for such activities
as grinding, brushing, sanding, buffing, and polishing,

The chuck of a drill is the three-jaw part which holds the bit. A portable
power drill may be equipped with chucks that are tightened in four different ways.
These four different types of chucks are (1) kevless, self-tightening, {(2) geared key

B GRUSH HOLDER CAP

\ MOTOR HOUSITHNG

NAMEPLATE

0 TO 174 IN CAP 3/8-24
DR”""‘&'Q%E',(]OKEY“ THD HOLE LT DUTY PLAIN BRG
3 JAW DRILL CHUCK W/KEY

Fig. 4.74. A portable electric drill.
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Fig. 4.75. The lgcation of a hole & be drilled should be marked with a center punch.

(Jacobs-type), (3) hex-key, and (4) hand-rightened. The keyless, self-tightening
chuck is the most convenient type.

With the geared key chuck, a key is used to righten rhe three jaws of the
chuck quickly and uniformly, and the bit is centered and gripped firmly in the
process. With the hex-key chuck, a small hex-key wrench is used to tighten the
chuck. '

Most pottable power drills are equipped with universal motors which may be
operated on alternating or direct current.

In using a portable power drill for drilling holes in steel, iron, and aluminum,
remember o use a lubricant. A lightweight oil for engines is suitable, It is not
‘necessary to use a lubricant in drilling brass. To prevent the “walking” of a driil
and the scarring of the work, it is advisable ro punch a depression in the material
being drilled with a cenrer punch.

The operator of a portable power drill should be careful to hold the drill at
the correct angle for the hole desired. Light pressure should be exerted on the drill
if drilling metal because the drill bit does not pull itself into the metal. The pres-
sure on the drill should be reduced when the point of the bit begins to break
through the work. Remove the bit by pulling straight back on the drill so that the
bit is not broken. The motor of the drill should then be shut off.

Pilot holes, small lead holes, are advisable when drilling large holes. Pilot
holes reduce the amount of pressure needed for drilling
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In using a portable drill, select a larger drill if it is necessary to “bear down”
on the driil until it overheats or stalls. The excessive overloading of a drill may
damage or burn out the motor.

Most drills are permanently hubricated at the factory. If not, they should be
lubricated according to the instructions provided with the drill. The brushes in the
motor of an eleceric drill will wear down eventually. It is advisable, therefore, to
check the brushes every six months. When the brushes become shorter than 14
inch, they should be replaced. For further information regarding the care of the
motors of portable power drills, see Chapter 39, “Selecting and Maintaining
Motors.”

Fig. 4.76. Holding thin gauge metal for drilling.

Safety precantions are important in the use of all drills, but they are especially
important in using a portable power drill.

When a power drill comes from the factory, it is insulated so that the operator
receives no shock when using it. However, if this insulation breaks down, the
current will pass through the operator if the drill is not grounded. See the preced-
ing section of this chapter for information regarding the safe grounding of power
tools. Care should be taken,, in using a portable drill, not to drop the drill on the
feet or allcw the drill bit to touch any part of the body. A turning drill bir will
break the skin easily or become entangled in clothing quickly.

A brush should be used to remove the sharp metal drill chips. These sharp
drill chips penetrate the skin easily. Check before starting to drill to be sure that
you have removed the chuck key. Use a vise, clamps, or vise-grip pliers to hold
small parts being drilled so that they de¢ not spin around and injure you. Avoid
forcing a drill. Wear safety glasses to prevent flying chips from becoming lodged in
the eyes.

Drill Press—A drill press is a stationary drill designed for accurate and heavy
drilling jobs. A driil press provides an operator with an easy control mechanism for
feeding the drill bit into the work.

The metal to be drilled should be clamped securely to prevent accidents. The
general principles of drilling presented for hand drilling and for the portable power
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Fig. 4.77. Holding work with a drill press vise.

FEED LEVER

QUILL LOCK

GEARED CHUCK

(Courtesy Vocational Agriculture Service, University of lllinois)

Fig. 4.78. A bench model drlll press.

Y

drill apply in the use of a drill press. In using a drill press, lower the drill bit to the
material being drilled. Thus, thesiocation of the desired hole must be placed di-
rectly under the bit for the hole to be in the correct location. The drill bit should
be fed into the work with only sufficient pressure for cutting. If too much pressure
is used, the drill will overheat or the motor will stall.

A portable power drill may be made into a drill press by the use of a drill
stand.
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Fig. 4.80. Molding work with a pair of locking pliers.

Power Saws

Power saws are labor savers and time savers. In agricultural mechanics, power
saws are used primarily for crosscutting, ripping, and cutting angles and bevels. A
power saw may be either stationary or portable. Many shops on farms and in ag-
ricultural businesses have both types. Stationary power saws are usually of the (1)
table or (2) radial arm types. .

Saw blades for circular saws are designed for particular purposes. Most workers
in agricultural businesses and on farms use a combination saw blade, but blades for
ripping, crosscucting, and sawing concrete block, tile, and masonite materials are
available. A combination blade may be used for ripping or crosscutting, but a rip-
ping blade should be used for ripping only and a crosscutting blade for crosscutting
only. The special blades for sawing concrete blocks, tile, and masonite material
usually have teetih with carbide tips.
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Portable Power Saw-—A portable power saw is a lightweight saw for use on
the job. With artachments it can be converted into a table or radial arm saw, but its
primary use is for construction work where a table or radial arm saw is not avail-
able or cannot be used. It often can be used for the sawing ordinarily done with a
handsaw. A portable power saw saves much labor and time in construction work. It
is used for both crosscutting and ripping.

A portable power saw is dangerons if used improperly. The operator of a porta-
ble saw should not attempt to saw in an awkward position. A slip or fall while
sawing may bring the saw in contact with a leg, foot, arm, or hand, and the result-
ing injury is often serious. Reaching around or in front of the saw may alsc result
in an accident. Always keep the saw away from all parts of the body. Never use a
portable power saw unless it is safely grounded. See section earlier in this chapter
on the safe grounding of power tools,

A porrable power saw is equipped with a guard for the saw blade. A portable
power saw should never be used without its guard. The operator should also not
use a saw if the guard does not work freely. A dull saw blade is dangerous, and
pushing a saw too rapidly is dangerous. A portable power saw will save you much
labor if used carefully and safely. If not used carefully and safely, it may kill you or
incapacitate you for further work.

The size of saw usually found on farms and in agriculrural businesses is a
6-inch or an 8-inch saw. A 6-inch saw will saw a piece of lumber 2 inches thick. An
8-inch sew will saw to a depth of 274 inches. Saw motors are often permanently
lubricated at the factory. If not, the operator’s manual for the saw should be con-
sulted for lubricating instructions. The motor of the saw should be kept clean, and
the brushes and commuraror should be checked at regular intervals. For informa-
tion on the care and maintenance of motors see Chapter 39, “Selecting and Main-
taining Motors.”

Before operating a portable power saw, read the operator's manual for the saw
and check to determine whether or not the guard is working freely, the saw is
grounded, and the blade is sharp. f you have never used a portable power saw,
practice on waste boards until you get the “feel” of it. Use a constant, but not
excessive, pressure on the saw. If the saw binds or slows down, let it run and back
it out slowly. .

Check to see whether or not the saw kerf is on the waste part of the board. If
the saw blade heats, it is probably dull and should be replaced with a sharp blade.
Most portable saws are equipped with a gauge that may be used in ripping or in
making cuts a certain distance from the end of a beard.

Table Saws—Table saws are of two types, tilting table and tilting arbor. With
a tilting rable saw, the rable is tilted for bevel sawing. With a tilting arbor saw, the
blade is tilted so that sawing at an angle or bevel is possible. The tiiting arbor saw
is the more popular type because it is easier to use and it is safer.

The safe use of a table saw is important because many accidents result from the
incorrect use of table saws. When using a table saw, do nort stand directly in front
of the saw blade. The saw may “kick” the board back toward the operator and
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{Courtesy Yocationat Agriculture Service, University of lllinois)

Fig. 4.81. A table circular saw.

cause a serious injury. While using a saw, wear safety glasses or an eye shield to
keep chips and sawdust our of the eyes. Always use the guard for the blade of the
saw even though it may seem inconvenient at first. Failure to use a guard may
mean the loss of a finger, a hand, or your life. It is beteer to endure some incon-
venience than it is to be the victim of an accident.

When ripping narrow pieces use a push stick instead of the hands. Always keep
the hands away from the saw blade, Refuse to use a saw with a dull blade, because
it is dangerous. A dull blade may cause a board to bind and “kick back” while
being ripped.

Set the saw blade so that it extends through the board, but do not allow the
blade to project too far. If the blade projects too far, binding and “kickbacks” are
more frequent, and chips and sawdust are thrown a greater distance.

Twisted and warped boards cannot be safely ripped. If they are sawed, they
may bind and kick back. To avoid binding when ripping a long board, use a helper
or a support for the board. In ripping, do not allow the piece of wood being cut off
to remain between the fence and the blade, because the saw blade may kick it
back. “Kickbacks” are dangerous because they may throw the hands of the
operator into the saw blade or injure the operator or other persons who are in line
with the saw.

Before starting a table saw, check the location of others near the saw. Avoid
sawing if other per.ons are near the saw or are in back of you and in lirie with the
saw blade, Never rip withour using a ripping fence.
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When ripping adjust the ripping fence so that it is parallel to the blade of the
saw and to the miter gauge slots. The distances from the front and the back of the
blade to the fence should be equal. Set the distance of the ripping fence by
measuring the distance between the fence and the point of a tooth of the blade.

In crossensting, check the squareness of the miter gauge to the saw blade. The
gauge may be placed in the groove on either the right or left side of the blade. The
use of the miter gauge increases the accuracy of crosscutting and decreases the
danger iavolved.

The height of the saw blade should be set 14 to 14 inch higher than the thick-
ness of the wood being sawed.

Feed the wood into the saw at a uniform rate. Do not feed the wood into the
saw so fast that the cut is rough and a chattering noise is produced. Also, do not
feed the wood into the saw too slowly. Sawing too slowly causes the saw blade to
heat and become dulk

in using 2 table saw, adjust the wood 1o be sawed so thar the kerf, the wood
removed by the saw blade, is on the waste end of the board. A mark may be made
on the table of the saw to show the width of the kerf of the saw blade, or a wood
facing may be placed on the front of the miter gauge. A notch or kerf is then
sawed in this wood facing. After a board is marked for sawing, the mark on the
board is aligned with the kerf in the wood facing of the miter gauge so thar the
mark on the board will not be sawed out by the blade of the saw.

When several boards are ro be sawed the same length, clamp a stop block to
the ripping fence or the miter gauge. When sawing a piece of plywood, a guide
strip may be clamped to the plywood. This strip will guide the plywood along the
edge of the saw’s table as shown in Fig. 4.82. A board or piece of plywood that is
too wide to fit between the miter gauge and the saw blade may be sawed by placing

Fig. 4.82. A guide strip is clamped to the plywood being sawed.
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Fig. 4.83. When an extra-wide piece of plywood Is sawed, piace the miter gauge in
front of the plywood and push the plywood against it.

the miter gauge in front of the board in a reversed position. The board is then
pushed against the miter gauge as shown in Fig. 4.83.

In sawing miters, angles other than 90 degrees, the miter gauge is set for the
angle desired. Before angles or miters are sawed, the accuracy of the miter gauge
should be checked. A simpie way to check the adjustment of a miter gauge is to set
it for a 45-degree miter and saw a waste board. Check the angle of the cur with a
square. If the miter gauge is not accurate, loosen the stop screw on the gauge and
adjust the gauge until it is accurate.

A problem in sawing miters is the creeping of the board being sawed. Hold
the board being sawed firmly against the miter gauge to prevent creeping. If the
creeping problem is severe, put a hollow ground combination blade on the saw.

A 10-inch saw powered with a 1-HP motor is recommended for most shops
on farms and in agricultural businesses. In installing a saw, place it so that the light
for the saw comes from the left.

Radial Arm Saw—The motor and blade of a radial arm saw are suspended
over the table of the saw. Radial arm saws are used for precision and heavy work.
They are often more expensive to purchase than table saws.

A radial arm saw may be used for crosscutting, ripping, mitering, and bevel-
ing. Since adjustments for crosscutting, mitering, and beveling vary with the saw,
the operator’s manual should be consulted before a saw is used.

The body of the operator should be kept away from the front of the saw
blade.

Power Grinder

Most bench grinders have both a medium grain and z fine grain abrasive




108 MECHANICS IN AGRICULTURE

wheel. The wheels are usually removable so that wire brushes, polishing wheels,
and buffing wheels may be used.

The fine grain abrasive wheel is for sharpening tools and for work requiring a
smooth finish or exact size. The medium abrasive wheel is for rough grinding when
a quanriry of metal is being removed

In grinding, do not use the side of the wheel because the pressure may crack
it. Support work on the rests provided. The use of the rests is a safety precaution
and makes grinding easier. A rool rest on a grinder should not be below the center
ot the wheel. It should be adjusted to within Vg inch of the wheel.

{Courtesy Walker-Turner Division, Rockweil Manutacturing Go.)

Fig. 4.84. A bench grinder.

Fig. 4.85. A poriable, electric powered impact wrenach.




CHAPTER 5

Repairing and Sharpening Tools

TYPICAL PROBLEMS AND CONCERNS

OF STUDENTS

I. Why is it important that woodworking tools be kept sharp?

2. Whart sharpening equipment is needed?

3. Which tools are ground and honed? Which are filed?

4. How are wood chisels sharpened? Plane blades? Knives?

5. How are axes and hatchets sharpened?

6. Whar are the chief differences in the teeth of crosscut saws and ripsaws?
7. How are chain saws sharpened?

8. What precautions are necessary in sharpening auger bits?

9. How is a twist drill sharpened?
10. How is an edge put on a cold chisel?
11. How should pliers, screwdrivers, and punches be reconditioned?
12. How should shears be sharpened?
13, What general instructions should be followed in fitting tool handles?

Sharp Tools Necessary for Good Work—Keen-edged tools are essential for
good work quality. Skilled workers cannot do their best work with dull, nicked, or
improperly sharpened tools; beginners are under an even greater handicap. Tools
are designed and sharpened by their manufacturers to give the maximum amount
of service. A person who buys and uses them expects them to do efficient work. If
users do not keep tools in proper working condition, they will not obtain satisfac-
tion from their use.

Time used in keeping tools in good condizion is time saved. A good worker
takes pride in keeping tools sharp and derives pleasure and satisfaction in using
them when they are in good condition. Sharp tools are also safer to use than dull
ones.

Sharpening Equipment and Its Use—Very little equipment is needed for
sharpening tools, and it is easily and cheaply obrained. Many tools are sharpened
by grinding. In addition to grinding, most woodworking tools require wherting or
honing on a carborundum stone or an cilstone to produce a fine edge.

A shop should be equipped with a good bench grinder to do rough sharpening

109
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and ro give cutting edges the proper bevel. Care should be taker to turn the
surface of a stone toward the cutting edge of a tool rather than away from it.

Thete is less tendency to form a wire edge on a tool, and a more uniform job
of grinding is possible, when the grinding wheel turns toward the cutting edge of
the tool being sharpened. If a power grinder is used, care must be taken not to
overheat the tool, which may cause it to soften and “lose its temper.” The grinding
wheel should be provided with a tool rest.

Honing or whetting is necessary to put a fine, keen edge on a tool. A double
carborundum stcone with a coarse side and a fine side is useful. Qilstones are used
for finishing the sharpening process. An oilstone should be wiped after it is used
and kept free from dust and grime.

A saw jointer, a saw set, a three-cornered file, and an ordinary flat mili file are
needed for setting and sharpening hand saws. A clamp or vise is necessary for
holding saws rigid while they are being set and sharpened. See Fig. 5.7.

Dressing and Truing Grinding Wheels—Properly maintained grinding
wheels are essential for the successful sharpening of tools. After much use, the face
of a grinding wheel may become glazed and not true. A wheel that is not true may
have humps or high points, or it may be ridged and grooved. A dressing tool (see
Fig. 5.1) is used to remove the glaze from the face of a grinding wheel and to true
the wheel. When a diessing tool is used, adjust the tool rest to a horizontal or flat
position and close to the wheel. Lay the dresser on the tool rest and push it ficmly
against the wheel. Use enough pressure on the dressing tool to prevent sparks. If
sparks are produced, the wheel is grinding the dressing tool. A dressing tool
should true the wheel and not be ground away.

(Courtesy Rockwell Manufacturing Co.}

Fig. 5.1. Dressing and truing a grinding wheel ysing a special attachment for the job.
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Removing Rust and Dirt—Tools that are dirty and greasy are dangerous
because they slip out of the hands more easily. Dirty tools also are more suscepti-
ble to rust. Rust pits tools, decreases their strength, lessens their efficiency, and
reduces their value.

A safe solvent available from most o0il companies may be used to clean dirt
and excessive grease from a tool. Do not use gasoline. If the tool is not rusty, rust
may be prevented by saturating a rag with a high-grade lubricating oil and rubbing
the rag over the tool. Be careful to cover all metal parts on the tool with a light
coating of the oil

If a tool is rusty, the rust should be removed before the oil coating is applied.
A wire brush may be used to remove rust if scratches on the rool are not objec-
tionable. Scrapers may be used to remove large rust scales. A kerosene-soaked r:
may be used to remove rust, buc this method of removal is slow. It leaves
scratches, however. A fine emery cloth may also be used. Rust-removing sol- s
should not be used, because they may remove some of the metal along with the
rust. Paint should not be applied to any part of a tool requiring a polished finish or
to the cutting edge of a tool. If a tool is painted, a rust-inhibiting paint should be
used as a first coat. See Chapter 11 for information on painting metals.

Cleaning Files—If a file is not curtting properly, it probably needs cleaning. A
file is cleaned with a file card, pick, and brush. Figure 5.2 shows a file cleaner. A
pick is a small, pointed wire tool used for picking out the pieces of metal lodged in
the cuts of a file which cannot be removed with a file card.

SLOT FOR PICK

Fig. 5.2. Afile cleaner. When cleaning a file with a fiie cleaner, lay it flat on a hench
and draw ihe cleaner across it parailel with the cuts of the file.

When cleaning a file, lay it flat on a bench and draw the file cleaner across the
file parallel with the cuts. Finish the cleaning process by brushing the file
lengthwise.

Sharpening Wood Chisels—If a chisel is nicked badly, the nicks should be
ground out by holding the cutting edge of the chisel at a right angle to the stone

until the nicks are removed. The chisel is then ready to be sharpened.
Grind the chisel on the beveled edge only. The length of the bevel will de-
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pend upon the type of cutting to be done with the chisel. For fine work a long
bevel with a thin edge is best. For heavy cutting and mortising a shorter bevel is
more satisfactory. For general work a bevel about 14 inch long is most suitabie,
which means holding the chisel at a 25- to 30-degree angle to the wheel of the
grinder. By using the tool rest on a grinder it is easier to obtain a uniform bevel.
Move the chisel from side to side to wear the stone evenly. Continue the grinding
until a uniform bevel is obtained and a “wire edge” has been formed. The corners
of a chisel should be kept square.

Hone the chisel on the oilstone. Hold the chisel at a slightly greater angle
than when grinding so that a second very small bevel will develop. After four or
five forward strokes on the oilstone, turn the flat side of the chisel toward the
oilstone. A few forward strokes will remove any wire edge and produce a very
keen edge. Avoid producing a bevel on the flat side of the chisel.

A chisel may be kept sharp by an occasional honing, but after several honings,
regrinding will be necessary to restore the proper bevel.

Sharpening Plane Blades—The method of sharpening plane blades is the
same as the method of sharpening wood chisels, with two exceptions. The bevel
shouid be made shorter, and the corners of the blade are rounded slightly. Unless

GRINDING STRAIGHTENS THE EDGE AND
RESTORES THE BEVEL PREPARATORY
TO SHARPENING BY WHETTING ON THE
OIL STONE..

THE GRIND STONE SHOULD TURN TOWARD
THE PLANE IRON.

Use THE GUIDE AS IT ASSURES A FLAT,
EVEN BEVEL.

KEEP THE PLANE IRON COOLTO PREVENT
BURNING,OR SOFTENING THE STEEL,BY
FREQUENT DIPPING IN WATER.
STONES RUNNING IN WATER OR OlL.
ARE PREFERABLE.

{Courtesy Stanley Toals}

Fig. 5.3. The technigue of sharpening a plane blade.
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the corners are rounded slightly, it is difficult to plane a surface perfectly smooth
due to the plane marks which will be made by the square corners of the blade. A
plane blade should be held to the grindstone at an angle of about 25 to 30 degrees,
cutting a bevel about ¥t inch long or slightly longer than twice the thickness of
the plane blade. It is very important that the bevel be kept straight and of uniform
widch,

Hone a plane blade on an oilstone at a larger angle than when grinding so that
a second very small bevel wili develop near the edge of the blade. Remove any
wire edge by a few strokes with the flat side of the blade held against the stone.
Avoid a bevel on the flat side of the blade, because this prevents the cap iron from
fitting tight. When the cap iron does not fit tight, shavings will clog the plane.

(Courtesy Stanley Toals)

Fig. 5.4. The technique of whetting a plane biade. ‘What the plane iron on an tilsione
to produce a very sharp cutting edge. Hold the plane iron in the right hand with the left
hand helping. Place the bevel on the stone with the back adge slightly raised. Move the
plane iron kack and forth. Be sure the hands move parallel to the stone so that the angle
hetween the plane iron and the stone will stay the same throughout the stroke. Use enough
oil to keep the surface of the stone moist. Qil keeps the stone sharp by preventing particles
of steel from filling the pores of the stone. Try to wear the stone evenly.

Sharpening Knives—A grinding wheel, a whetstone or an oilstone, and a
butcher’s steel are used to sharpen knives. First check the blade of a knife for nicks
and remove these by placing the edge of the blade against a grinding wheel. When
the nicks have been removed, the knife is ready to be sharpened. The first step in
sharpening is to hold the blade of the knife flar against the face of the grinding
wheel so that a long bevel and a thin, sharp edge are produced. Move the blade
back aad forth across the face of the grinding wheel. Grind first one side of the
blade and then the other side. A low-speed grindstone is best for sharpening
knives. If a high-speed grinder is used, extreme care must be taken to prevent
overheating the edge of the blade and ruining its temper. If a high-speed grinder is
used, use very light pressure on the knife and dip the blade in water frequently.

-
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{Courtesy Stanley Tools)

Fig. 5.5. A plane blade, showing whetting and grinding angles.

The second step in sharpening a knife is to hone it on an oilstone to produce a
sharper edge. Use first the coarse side and then the fine side of the stone. In
honing a knife on an oilstone, place the heel of the blade on the stone and then
draw the blade forward across the stone with a sweeping motion. At the end of the
sweeping stroke, the tip of the blade of the knife should be pulled across the
stone. Sharpening a knife takes rime and patience. Finish the sharpening process
on the oilstone with a “figure-eight” stroke.

The third step in sharpening a knife is the use of a steel. A steel is used to
smooth the cutting edge of a knife. Place the heel of the blade at the tip of the
steel and on the underneath side of the steel. Bring the blade down and across the
steel. If a wire edge develops, hone the blade again until the wire edge is removed
and then use the steel again,

Sharpening Axes and Hatchets—Axes and hatchets are used for two pur-
poses: chopping and splitting wood. Hatchets are also used for hewing, forming, or
shaping wooden objects. The way an ax or a hatchet is sharpened depends on its
intended use. An ax or a hatchet with a long bevel and a thin blade is for chopping.
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Fig. 5.6. Sharpaning the body cytling edge of an expansive bit. Nota the cutling edge
angle and the clearance angle as shown in “A.”’ In sharpening, maintain these ariginal
angles 1o provide strength behind the cutting edge. File toward the cutling edge, stazdying
the bil on the edge of the bench as shown in “B.”" A burr will form on the side opposite the
side filed. Remove this berr as shown in “C.”

An ax or a hatchet with a short bevel and a thick blade is for splitting. A hatcher
sharpened on only one side is for shaping, forming, and hewing wooden objects.

When an ax is being sharpened, its balance must be maintained. See Fig. 5.37
for an illustration of an ax in proper balance. When an ax is set with its cutting
edge down, as shown in Fig. 5.37, two-thirds of the blade should be in front of che
part of the blade that touches the ground.

The first step in sharpening an ax or a hatcher is the removal of nicks, or
jointing, on a grinding wheel. Lay the ax blade on the tool rest of the grinder and
push forward lightly to grind out the nicks. Be careful to maintain the original
curvarure of the blade when jointing, Check the balance of the ax frequently, as




116 MECHANICS IN AGRICULTURE

shown in Fig. 5.37, to derermine whether or not the correct balance is being main-
tained.

The second step in sh.ipening an ax or a hatchet is the grinding of the sides of
the blade. Again be careful to maintain the original curvature of the blade, and
check the balance of the ax frequently. When grinding an ax, swing the handle
back and forth in a long arc to maintain the correct curvature of the blade.

The third step in sharpening an ax or a hatchet is the grinding of a short bevel
on both sides of the cutting edge of the blade. When grinding this short bevel,
avoid overheating the edge of the blade. Grind the ax slowly and dip it in water
frequently.

The fourth step is filing the bevel of the blade with a smooth mill file to finish
the job of sharpening. A whetstone may be used instead of a file for finishing the
sharpening job on an ax or a hatchet. The whetstone is usually run across the ax or
hatchet blade.

Sharpening Handsaws—Handsaws are of two general types, the crosscur saw
and the ripsaw, each designed for a particular use. They will give long and sarisfac-
tory service if kept in good condition. By keeping them free of rust and by avoid-
ing damage 1o the teeth on nails and metal, you can maintain them in good condi-
tion by an occasional setting and filing. Sharpening a saw is not difficult if attention
1s given to details. Five steps are usually necessary, especially if che sew is in bad
condition: (1} jointing, {2) shaping teeth, (3) setting, (4) filing, and (5) side joint-
ing.

The same general procedure is followed for both crosscut saws and ripsaws,
but small differences are necessary and are explained and illustrared here:

L. Juinting is the filing of the teeth of a saw until chey are of equal height,
and it is done with an ordinary flat mill file. Place the saw in a clamp with
the handle to the right. Lay a mill file lengthwise on the points of the
weeth and pass it back and forth the length of the saw, taking off the high
points until the file rouches the top of every tooth. Care should be taken
not to allow the file to dlt to either side. A patented jointer, into which a
file is clamped, will hold the file securely and aid in doing a good job of
leveling the height of the saw teech (Fig. 5.7).

2, Shaping of teeth may be necessary if some of the teeth are broken or
extremely worn. It consists of cutting new teeth where needed and cut-

{Courtesy £. C. Atkins and Co)

Fig. 5.7. The use of a patented jointer.
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ting the other teeth to the proper size and shape. The new teeth should
be uniform and should be, as near as possible, the same size as the origi-
nal tecth. Note that the shape of the teeth of a crosscur saw is different
from the shape of the teeth of a ripsaw. In shaping teeth, place a corner
of a three-cornered file in the gullet between the teeth, and file straighe
across ar a right angle to the saw blade until the finished side of the tooth
comes to a point. Then go to the next gullet. Hold the file square and
level, and press it against the tooth having the largest top uatil the center
of the flat top made by jointing is reached. Do not try to bevel the teeth;
cut them our square and pointed.

When the reeth are properly shaped and of uniform height, they are
ready to be “set.”

{Courtesy E. C. Atkins and Co.)

(Courtesy E. C. Atkins and Co.)

Fig. 5.9. Saw teeth jointed evenly.

3. Serting consists of bending slightly the points of the teeth, alternately, one
o the right, the next to the left. This causes the saw to make a cut which
is wider than the thickness of the saw blade, thus giving the blade clear-
ance, and allowing it to run freely withour binding or pulling hard. Soft,
wet, or green woods require more set than hard, dry woods.

A patented saw ser tool should be used o produce a uniform set.
The tool should be adjusted so that only about one-third to one-half of
the tooth is bent over. Set a saw one side ar a time, setting every other
tooth in the same direction. Then reverse the saw in the clamp and set
the alternate teeth in che opposite direction,

Fig. 5.10. One type of saw set.
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4. Filing consists of shaping and pointing the teeth so that they wili cut the
wood easily and cleanly. Taper or three-cornered files are used. The pro-
cedures for filing crosscut saws are somewhat different from those used
for ripsaws.

Crosscut saw teeth are given beveled edges. Place the saw in the
clamp with the handle to the right, the jaws of the clamp being located
just below the bottom of the teeth to prevent vibration. Hold the file, as
shown in rhe diagram (Fig. 5.11), so that the handle of the file is at ap-
prosimately a 45-degree angle to the blade of the saw. The thumb of the
right hand is placed on top of the file handle, and the tip of the file is
held hetween the thumb and forefinger of the left hand. Hold the file
level and push it evenly through the gullet, bringing the tooth 1o the right
and the tooth to the lefr of the file to a poiat at the same time, but
beveled in opposite directions. The file should cut only on the push
seroke. Continue to file in every other guller unril the end of the saw has
been reached. Then reverse the saw in the clamp, placing the handle to
the lefr, and file the alternate gullets which were omitted the first time
(Fig. 5.11.}. The file must be held at the same angle for all the reeth. File
each tooth to a sharp point.

Ripsaw teeth are not beveled. The file is held at a right angle to the
saw blade and pushed straight across, making the front edge of the tooth
square. Otherwise, the procedure is the same as for crosscur saws. Every
other twoth is filed from one side, then the saw is reversed in the clamp,
and the remaining teeth are filed. Care must be taken to file the weth w0
a uniform size.

e SAW POINTS

{Courtesy E. C. Atkins and Co.}

Fig. 5.11. Pasition of file and saw for filing teeth.

‘5. Side jointing consists of putring a final touch to the job after the saw has
been ser and filed. The saw is aid on a flat surface and o worn file or
whetstone is run along each side of the saw a few times to remove the
wire edge or slight unevenness of the poiats of the teeth. Two or three
strokes withour pressure should be sufficient to remove the roughness
and produce a fine curting edge.

{Courtasy E. C. Atkins and Ce.)

Fig. 5.12. Views showing a properly filed and set crosscui handsaw. Nale the bevel
on the front of the tegth.
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(Courtesy E. C. Atkins and Co.)

Fig. 5.13. Views of a section of a ripsaw which has been correct'y filed and sel. Note
there is no bevel on the frant of the teeth. The teeth are filed straight across.

Sharpening Chain Saws—Special files are needed to sharpen chain saws. The
type of file needed depends on the type of saw teeth the chain has. The teeth on a
chain may be classified into three main types: round-hooded, square-hooded, and
cutter-raker. The first step in sharpening a chain saw is determining the type of
teeth which the saw has. Fig. 5.14 illustrates the three types of teeth found on
chain saws.

A round chain saw file is used o sharpen round-hooded chain saw teeth.
Either a square chain saw file or a lozenge chain saw file may be used to sharpen
square-hooded chain saw teeth. at chat i
chain saw teeth.

In sharpening a cutter-raker chain saw, joint the cutters that are badly worn.
See Fig. 5.14 for an illustration of the differences between curters and rakers. File
the cutters on their faces to sharpen the points of the cutters. File the faces of the
rakers. Be sure to maintain the original angles of the cutters and rakers. Check to
determine whether the rakers are below the curters a sufficient amount. The side

DEPTH GAGE
Q30" TO 050" BELOW TOP
OF CUTTER TOOTH

CENTER RaxER GAGE
WGHF HAND CLUTTER, L RIGHT CUTTER TOOTH
WIGHT MAND MAKER CUTIEN . = A
ALY KAND CUTHE, D g
CONTER TAKER GAGE~_ ¢
RIGHT HAND CUTTER
AEFT MAND RAXER CUTTER.
(EFT HAND CUTTER_

SPROCKET DRIVE LINK

SQUARE HCODED CHAIN SAW

DEPTH GAGE
030" TO 050" BELOW TOP
OF CUTTER TOOTH

RIGHT CUTTER TOOTH

CUTTING EDGE
DEPTH
CUTTER
GAGE TOOTH

ROUND HOGDRED CHAIN SAW

¢Courtesy Nichalson File Company}

Fig. 5.14. Three types of chain saw teeth.
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rakers should be !ss inch below the tops of the cutters, and the center rakers
should be !/3: inch below the tops of the cuiters. A feeler gauge may be used to
measure this clearance when a file or other level object is placed across the top of
the curter teeth.

In sharpening a round-hooded chain saw, place the file against the beveled cut-
ting surface of a tooth. The file should be at a 45-degree angle to the saw. File
every other tooth. Then reverse the saw and finish filing the remaining teeth.
Check the clearance between the depth gauges and the tops of the cutter teeth.
This clearance should be 0.025 inch to 0.050 inch and may be measured with a
feeler gauge. If sharpening the saw has reduced the clearance too much, file down
the tops of the depth gauges.

Flat Chain Saw File

O R T2 S

Round Chain Saw File

Square Chain Saﬁr File

Lozenge Chain Saw File

{Courtesy Nicholson File Company)

Fig. 5.15. The types of files used in sharpening the various types of chain saw testh.

In sharpening a rquare-hooded chain saw, place the file under the hood so that
the adjacent sides of the lozenge or square file contact both cutting edges of the
saw tooth. Tilt the file back and down while filing, Be sure to maintain the original
shape of the teeth, Check the clearance of depth gauges in the manner recom-
mended for the round-hooded chain saw.

Sharpening Auger Bits—Auger bits are sharpened by filing, It is best to use
a specially made auger bit file or a very slim taper file. If the tip or edges of the

SAFE FAGE
SAFE EDGE BODY {ROUND)

Flg. 5.16. An auger bit tile.
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screw point of a bit have been nicked or damaged, file away the burred part care-
fully by passing the tip of the file around the threads. File the cutting spurs on the
inside only, following the original bevel. Do not file the spurs on the outside edges,
as this will decrease the diameter of the bit. Do not change the slant or slope of
any of the curtting parts.

Fig. 5.17. Sharpening the spurs of an auger bit.

CUTTING EDGE
ANGLE

ToP ToP -
SURFACE SURFACE L

OR|GINAL
BEVEL  CUTTING EDGE

Fig. 5.18. Filing an auger bit.

Sharpening Twist Drills—Twist drills are sharpened by grinding. It is im-
portant in grinding a twist drill thar the blunt point be kept in the exact center of
the drill and that the cutting edges of the bit be made slightly longer than the
crailing edges so that the drill will cut properly and have sufficient clearance. The
cutting edges of a bit should make a 59-degree angle with the center line of the bit;
hence the drill should be held against the grinder at a 59-degree angle. The bit
should be slightly rounded from the cutting edge to the trailing edge. This round-
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CUTTING
EDGE

Fig. 5.19. Poinis 10 be sharpened on an expansive bit,

(Courtesy Cleveland Twist Drill Co.)

Fig. 5.20. A drill with lips ground correctly. The two lips are the same lenpth, and
their angles to the axis of the drill are equat.
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{Courtesy Cleveland Twist Drill Go.)
Fig. 5.21. The correct angies of the lips of a fwist drill.

ing is obtained by lowering the shank of the drill and rotating the drill clockwise
against the grinder.

A gauge for securing the proper angle may be made by cutting a V-notch in a
piece of tin at the proper angle for the two curting edges. Since each cutting edge
should be beveled to 59 degrees, the V should be 118 degrees. The drill when
properly ground should fit snugly into this V. Each lip of the drill should cut a
spiral coil of metal when the drill is used.
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Fig. 5.22. Checking the drill point angie and cutting edge.

(Gourtesy Walker-Turner Division, Aockwe! Manufacturing Co.)

Fig. 5.23:-An attachment for grinding drill bits.

Reconditioning Pliers—The jaws of pliers are serrared. The. serrations may

become duil. If this occurs, r:ace the pliers in a vise as shown in Fig. 5.24. Then
recut the serrations with a trizngular file. Also check the pin or bolt at the hinge of
the pliers. Keep this pin or bolt just tight enough to hold the two parts of the
pliers in contact,
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TRIANGLE FILE

/

VISE

JOINT

JAW

(Courtesy U.5. Department of the Army)

Fig. 5.24. Recondilioning the serrations on the jaw af pliers with a triangle file.

Reconditioning Punches—Mushroomed heads on punches shouid be re-
moved by grinding, and the heads should be reshaped to resemble the heads of
new punches. Grinding is used to reshape the points of punches. After much use
the point of a prick punch or a center punch may become dull. When reshaping
the point of a prick or center punch, hold the point against the face of the grinding
wheel at the correct angle, let the punch revolve in your hand as it is being ground,
and move the punch back and forth across the face of the grinding wheel. The
correct angle at which to hold a center punch is 30 degress. This will produce a
point with 2 60-degree angle. If you do not know what a 30-degree angle is to the
face of the grinding wheel, obrain a bevel-square and set it ar a 30-degree angle
with a protractor.

The ends of taper and pin punches become worn or broken with use. When
this happens, hold the end of the punch to the face of the grinding wheel and grind
the point sguare,

Reconditioning Screwdrivers—Screwdrivers should have blunt, square, un-
nicked tips. If the tip of a screwdriver is nicked, rounded, or thin and sharp, it
needs to be reconditioned by being ground off or jointed. In jointing, hold the tip
at a 90-degree angle against the grinding wheel. Then adjust the tool rest on the
grinder so that the screwdriver may be held against the wheel at the proper angle
to make the sides of the tip have equai bevels. See Fig. 5.26. Grind the sides of the
blade until the tip is the correct thickness and until the sides have equal bevels for
14 inch from the tip. Do not grind a longer bevel than is necessary, because this
weakens the screwdriver. The correct thickness of the tip is determined by the
width of the tip. A screwdriver with a wide tip is made for a large screw. The
thickness of the tip of a screwdriver should be reduced, therefore, until it fits the
slot in a screw whose head size is equal to the width of the blade of the screw-
driver.
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I J

Fig. 5.25. The drawing on the left Hiustrates a nicked screwdriver. The two drawings
on the right illugirate a serewdriver that has been reconditioned correctly.

{Drawn by Renald Ipsen)

If the sides of the blade of a screwdriver are held flat on the rest of the
grinder while being ground, the curvature of the wheel will make it easier to ob-
tain equal bevels on the blade of the screwdriver. See Fig. 5.25 for an illustration
of a screwdriver that has been reconditioned correctly.

Sharpening Shears—If possible, take the blades apart, because it makes
sharpening casier. A shear blade does not have a sharp edge like a kaife. If possi-
ble, use z file to sharpen shears, tin snips, and scissors. Clamp the shears in a vise,
and draw file with a smooth mill file. Be careful to maintain the same angle the
shears had when new. If the shears are too hard to file, use a fine grinding wheel
and grind lightly. Hone the shear blades on an oilstone after they have been filed
or ground.

Sharpening Hoes, Spades, and Shovels—These tools are easy to sharpen
with a file. Clamp the tool in a vise, and push the file across the sharp edge of the
tool, being careful to maintain the original angle of the bevel. If these tools need to
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SQUARING END

{Courtesy U.S. Department of the Army)

Fig. 5.26. Reconditioning a screwdriver.

Fig. 5.27. When sharpening shears, tin snips, and scissors, be careful to maintain
the same angle the blades had wien new.

be sharpened on the job or in the field, wedge them against a post or another
stationary object while filing.

Sharpening a Cold Chisel-—In sharpening a cold chisel, it should be held
against & grinder until all nicks have been removed and until the cutting edge is
square. The chisel is then given a short bevel on both sides, grinding first on one
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side and then on the other. The bevels of a cold chisel should be kept even. The
angle of the cutting edge of a cold chisel should be about 65 degrees. A piece of
tin with a 65-degree V-notch makes a convenient gauge for determining when the
proper bevel has been obtained.

(Courtesy Stanley Tools}
Fig. 5.28. Cold chisels are ground to an angle of 65 degrees for average wark.

Sharpening and Reconditioning Wood Chisels—In sharpening wood
chisels, grind only when the cutting edge has been nicked or when the correct
bevel cannot be restored except by grinding. If grinding is necessary, proceed as
follows:

1. With the bevel up, square the curring edges and remove nicks by moving
the chisel across the grinding wheel from side to side.

2. Adjust the tool rest on the grinder so that the bevel of the chisel rests on
the grinding surface at the angle needed to provide the correct bevel. See
Fig. 5.29. Grind until nicks have been removed and the proper bevel has
been obrained.

3. Hone the chisel on a stone, using a slightly steeper angle than the angle at
which it was ground. After sharpening, terp the chisel over on the stone
to remove the wire edge. Only a few strokes will be needed.

4. For an extra-sharp edge, strop the chisel on a piece of soft leather.

If grinding is not needed, use a hone to obtain a sharper edge. Often the
heads of wood chisels become mushroomed. See Fig. 5.31 for the procedure for
reconditioning the heads of wood chisels.

I e

BEVEL IS
BEVEL IS BEVEL IS

CONCAVE OR FLAT OR H#OUNDED QUT

SHAPE OF PERFECTLY BY IMPROPER

GRINDING STRAIGHT GRINDING OR

WHEEL SHARPENING
— BEVEL 15 TOO LONG BEVEL 15 TOO BLUNT.
wﬂo?mrm ® BUT MAY BE PREFERRED CHISEL WIEL NOT CUT
TWICE THE THICKNESS WHEN CUTTING SOFT INTO WOOD EASILY.
OF CHISEL WOOD. CUTTING EDGE Wikt T 15 HARD TO WHET

NICK AND DULL EASILY OR SHARPEN

o

{Courtesy £).5. Department of the Army)

Fig. 5.29. Sharpening a wood chisel.
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(Courtesy U.S. Department of the Army)

Fig. 5.30. Honing a wood chisel.
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(Caurtesy U.S. Depariment cf the Army;

Fig. 5.31. Reconditioning a mushroomed head on a wood chisel.

REPLACING TOOL HANDLES

Need for Replacing Broken Tool Handles—Many shop tools on farms and
in agricultural businesses have wood handles, and these handles are frequently
broken. Often you may repair a split handle by taping it with cloth friction tape, or
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by tightly wrapping it with a soft wire. These repair methods may also serve tem-
porarily when a handle breaks with a reasonable length of handle stock extending
from the tool.

Usually, however, a handle breaks almost flush with the tool eye, making it
necessary to fit a new handle into the eye. Occasionally the old handle can be fitted
to the eve of the tool, but this shortens the handle, which makes the tool difficult
to use.

Well fitted new handles return to a tool its original urtility. Most owners like to
recondition a tool when a new handle is fitted to it. This is a good practice. When
battered, worn, or loose parts of a tool are repaired, the finished tool is materially
improved in its utility and appeatance,

Securing Tool Handles—Tool handles are not expensive to purchase, and
usually it is unwise to make them. Wood tool handles are made from ash, hickory,
and sometimes oak. The best handles for shovels, forks, and similar tools are made
from select white ash. Handles for hammers, axes, sledges, and other tools used
for pounding are made from hickory, usually white hickory or second-growth
hickory. Some handles are made of plastic or of metal with a covering.

<

-
A :

WOODEN WEDGE METAL WEDGE

SAWING OFF PROJECTING
END OF HANDLE

MAKE SAW CUT IN END OF HANDLE
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@ HAMMER HANDLE

57 GRINDING DFE EXCESS
PCRTIDN OF WEDIGE

@ INSTALLING WEDGES

{Courtesy U.§. Department of the Army)

Fig. 5.32. Handles may hecome icose and need to be fitted with wedges.
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General Instructions for Fitting New Tool Handles—When new handles
are fitted to the common tools, such as hammers, axes, shovels, forks, mauls,
sledges, and picks, which are used in agricultural businesses and on farms, the
following general steps should be observed:

1. Secure the necessary tools and supplies.

2. Cover the vise jaws with sheet meral, or use wood blocks.

3. Remove the old handle.

4. Recondition the tool if necessary, especially the part to receive the
handle.

5. Fit the new handle. Do a good job.

6. Place starch or chalk on the portion of the handle being shaped when it is

tried into the tool or ferrule. The high points will have the powder re-
moved. Flour may be used if the other products are not available.

7. Wedge the new handle in place, and treat this portion of the handie with
boiled linseed oil. Boiled linseed oil dries more rapidly than raw oil and
becomes more sticky. Raw oil will remain a lubricant and may allow the
handle or wedge 1o loosen.

8. Do any finishing or ¢onditioning of the tool thar is necessary.

The most common tools and materials necessary for fitting a new tool handle

are ac fallawer meral vies har
ALLT ad LULIUYW ), liivial Vidl, lialnsa

cold chisel, hammer, wood rasp, half round wood file, mallet, ripsaw, ruler, piece
of soft pine to make a wedge, boiled linseed oil, and the new tool handle.

ksaw, brace and twist drill bits, chain drill, puach,

Ficting a Hammer Handle—Select a handle like the one the manufacturer
fitted into the hammer at the factory. A hammer will not balance cotrectly if fitted
with the wrong type of handle. The shape of the handle of a ball-peen hammer, for
example, is different from the shape of the handle of a claw hammer.

A good procedure for fitting hammer handles follows:

1. Refer to the general instructions on fitting tool handles.

2. Place the hammer head in a mertal vise. If the jaws are rough, they
should be covered to keep them from damaging the tool and later the
handle. Note the illustrations showing how vise jaws may be covered.

3. Cur off close to the hammer head, with a hacksaw, the old portion of

the handle, then drill it out with the largest metal ewist drill that will go

through the eye.

Drive the remaining wood from the head with a punch and a hammer.

. Recondition the head if it is damaged or needs polishing.

Place the new handle in a vise as shown in Fig. 5.33, and fit the handle

by removing with a wood rasp and a half-round wood file the excess

wood from the handle. Take care to remove the wood in the right places
so thar the hammer head will fit.

7. Place the handle in a metal vise, as shown in Fig, 5.34, and with a ripsaw
make a saw cut across the long diameter of the top of the handle.

8. Place the sawed end of the handle in the vise and pinch the handle
together. Then make another cut as before, but not quite so deep. This
produces a tapered cut, allowing room for the wedge.

9. Make a wedge from a block of soft pine, as shown in Fig. 9.35. (See step
8 in the next section, “Fitting an Ax Handle."”)

10, Place the handle in the hammer head, holding the handle in one hand,
and drive it into the head with a maliet. (See Fig. 5.36.) Bevel the end of
the handle that is being forced into the eye of the hammer head to
prevent the handle from splintering.

LNVEN
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Fig. 5.38. Making the second saw cul across the longest diameter of the tap of the

Place the wedge in the slor sawed i che handle. Place a slight bevel, if
necessary, on the thin edge of the wedge so thae i will enrer the cue in
the end of the handle. Drive the wedge in solidiv. (Reter to Fig. 5.380
Place the bammer in the vise in a horizontal position, and with «
hacksaw remove che part of the handle extending through the head.
Refer w Fig. 5.39, whith shows this being performed on an ax handlen
Place the hammer in a vise with the head end up. Sarurace the wedge
and the end of the handle with hoiled linsced ol o prevene mosture
from going in and out of the wood, which would cause the hendle w
loosen. A small amount of linsced oif can be rubbed on the handle o
polish it. (Refer o Fig 5000 -
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Fig. 5.356. Two wedges made fzom a 4-inch soft pine board.

Fig. 5.36. Drlving the haminef handle into the ha.amni'e'r.heéd'.

Fitting an Ax Handle—Read the paragraph on securing tool handies and the
general instructions for fitting new tool handles. Then proceed as follows:

1.

2.

Place the ax in a metal vise and with a hacksaw remove close to the head
any portions of the old handle which extend from the head of the ax.
Drill through the ofd handie in the ax head, using as large a metal twist
drill as will go through the eye.

Drive the remaining wood from the ax with a hammer and a punch.
Measure to determine whether the eve in the ax head is straight,

Place the new handle in a vise, in the same way as shown in Fig, 5.33,
and fit the handle by removing the excess wood with a wood rasp and a
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wood file. The wood should be removed so that the curting edge of the
ax will rest on the bench, when the handle end of the ax rests on the
bench, at a point about two-thirds of the width of the bit back of the
frone tip of the bit. This places the ax head in the proper position for
good cutting. If the ax head is hung straight on the handle, most of the
curtting is done by the heel of the bit. (See Fig. 5.37.)

=g 21

Fig. 5.37. This illusirates how an ax handle shauld it to give the proper position to
the cutting edge of the ax.

5. Place the handle in a vise with the tool end up, and rip a slot in it across
its largest diameter to a depth of about two-thirds the depth of the eye
of the ax. The handle should fit into the ax to within Y2 inch of the swell
in the handle.

6. Place the sawed end of the handle in a vise so that the sawed portion is
pressed shut. Then saw the handle again to about two-thirds of the
depth of the first cut, By doing this, room is made for the wedge to be
driven into place after the ax head is on the handle. (Refer to Fig. 5.39.)

7. Place the ax head on the handle. Drive the handle into the ax with a
mallet. (Refer to Fig. 5.36.)

8. Make wedges our of a soft pine board */s inch thick, as wide as the long
diameter of the ax eye, and 6 inches long. Draw diagonal lines on the
edges of the board from which the wedges are to be made. (See Fig.
3.35.) The hottom ends of the wedges should taper to abour Y« inch, or

4

Fig. 5.38. Driving a soft pine wedge into an ax handie.
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as thick as the bottom of the saw cut in the handle. Hold the ax as
shown in Fig. 5.38 and drive the wedge in place with a mallet, To pre-
vent the wedge from splitting, be sure the mallet strikes over the whole
top of the wedge.

9. Place the ax in a vise in a horizontal position, and with a hacksaw re-
move the part of the handle and wedge extending through the head.
(See Fig. 5.39)

10. Place the ax in a vise with the wedge up, and saturate it with boiled
linseed oil to keep the handle and wedge tight. (See Fig. 5.40.)

Flg. 5.40. The wadge and handle are being soaked with boiled linsged oil. Nofe the
sheet metal pieces on the vise jaws to prevent damage to the wooden hantie.




136 MECHANICS IN AGRICULTURE

Fitting Other Tool Handles—Other tools used on farms and in agricultural
businesses that need handles replaced are hatchets, adzes, sledges, splitting mauls,
double-bitted axes, picks, and spades. Handles can be secured to fit each type of
tool. The instructions for replacing handles in the tools in the previous sections
also apply for these tools.

Some tool heads slip onto the handle from the hand end of the handle; con-
sequently it is not necessary to remove excess wood on the tool end of the handle.
Some mauls and picks are of this type. A double-bitted ax has a straight handle
instead of a curved handle of the type used for an ordinary splitting ax.
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AGRICULTURAL WOODWORK
AND CARPENTRY

Student Abilities to Be Developed

Ability to classify, select, and care for lumber properly.

Ability to classify, select, and use nails, screws, bolts, and hinges.

Ability to use glue in agricultural woodwork and carpentry.

Ability to figure bills of materials.

Ability to read blueprints and make working drawings.

Ability to cut rafters.

Ability to construct or repair agricultural woodworking and carpentry projects.




CHAPTER 6

Figuring Bills of Material

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

I. Why should 2n employee in an agricultural business or a farmer know how
to figure bills of materials?

What is a bill of material?

What is the unit of measure in selling lumber?

What is meant by a board foot? Running foot? How are they calculated?
How should the number of pieces and the dimensions be written in a bill
of materials? How is a smooth surface indicated?

6. Should any extra material be allowed for dressed lumber? Waste?

7. How are shingles and molding sold?

WIS

Workers in Agriculcure Should Know How to Figure Bills of Ma-
terial—In otder to plan any construction work intelligenely, it is pecessary to
know what kinds of materials are required, the amount of each needed, and what
the total cost will be. If agricultural workers can figure bills of material, they will
not have to ask the lumber dealer for assistance with this job, and they will be able
to check the accuracy of the dealer’s bill.

" Bill of Material—A bill of material is an itemized list of the aumber of pieces
needed and the dimensions of each. Lumber dealers have paper pads or order
books for writing orders for fumber. An order contains the name and address of
the buyer, the date, the name of the project, the number of pieces of lumber, the
kind of wood, the name of each piece, the dimensions of each piece, the number
of board feet, and the cost. A complete bill of materials contains a list of all the
necessary materials for building a project. For example, a bill of materials for an
individual shed contains a list of all the materials necessary for building it. Students
should develop a bill of materials for each shop project before it is started.

Unit of Measure in Selling Lumber—While the unit of measure in [umber
is a board foot, lumber is generally priced on the basis of 1,000 board feet (per
M.). Lumber for finishing work is sometimes priced by the running foot.

Board Foot and Running Foot—A board foot is a piece of lumber 1 inch
thick, 12 inches wide, and 12 inches long—144 cubic inches. To find the number
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of board feet in a piece of lumber, multiply the thickness in inches times the width
in inches times the length in feet and divide by 12. For example, a board 1 inch
thick, 6 inches wide, and 16 feet long equals 8 board feet.

17 % Gl"zx 16" 8 board feet

If there are several pieces of lumber the same size, find the board feet by
multiplying the number of pieces times the width in inches times the thickness in
inches times the length in feet and divide the product by 12. For example, 6 pieces
I inch thick, 4 inches wide, and 12 f:et long may be figured as follows:

6 x 1" );24” x 127 24 board feet

A running foot refers to a foot length of lumber regardless of the thickness
and width of the lumber. A board 1" X 4" x 12’ = 12 running feet., A board 2" X
6" x 12’ = 12 running feer.

Method Used in Writing Dimensions—A bill of materials should be written
50 that it can be understood easily. Lumber may be either rough or surfaced. Sur-
faced lumber has been dressed by being run through a planer. When lumber is
surfaced on one side, the symbol $1S is used, two sides $28, one edge S1E, two
edges S2E. Four methods of writing bills of materials for lumber follow:

(h

Pieces Kinds of Wood Dimensions Finish Bd. Ft.
1 White Pine " x 12" x 10 S28 12
2 White Pine 1 x 12" x 12’ S28 10
(2)
Pieces Kinds of Wood Dimensions Use
2 Fir 2" x 4" x 24’ Rafters
10 White Pine B X 6" x 127 Ends

(3

O Pes. (pieces) No. 1 Yellow Pine 2" x 4" x 12° 8§28
4

two 1 X G's, 14 ft. long, fir fencing

Lumber lengths are usuzlly sawed in even feet, such as 10, 12, or 14 feet.

Allowing Extra Materials for Dressed Lumber and for Waste—Dressed
lumber is not full-widch; consequently, it is necessary to allow for this when figur-
ing a bill of materials. In figuring 6-inch matched lumber, about one-sixth more is
needed than would be necessary if the lumber were full-width. One-fifth of the
total amount needed should be added when shiplap, drop siding, or framing
lumber is used.

It is a good plan to allow for waste when figuring materials. A 5 to 10 per cent
allowance for waste should be sufficient. In making plans for shop projects, a stu-
dent should keep in mind that lumber is sawed in even lengths. Lumber should be
purchased so that there will be the least possible waste,
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Calculating the Cost of Lumber—In order to determine the cost of a single
piece of lumber, figure the number of board feet in the piece, then multiply this
number by the cost per thousand and point off three places. The value of a beam
6" x 8" x 20" at $210.00 per M. would be calculated as follows:

Qﬁiﬁ’l”;(.—z_o’ = 80 board feet

80 board feet x $210.00 per M. = $16.80

Shingles and Molding—Wood shingles are sold by the thousand or by the
square in bundles of 250 each. A square consists of four bundles (standard 16-inch
size) or 1,000 shingles. A square of asphalt shingles consists of three bundles. A
square of roof is 100 square feetr—900 wood shingles being required per square
when laid with 4 inches exposed to the weather, 800 when laid with 414 inches
exposed to the weather, and 720 when laid with 5 inches exposed. Some millwork
such as moldings or trim is sold by the runaing foot.




CHAPTER 7

Making Simple Sketches and
Reading Blueprints

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

1. Why is the ability to read blueprints and to make simple sketches and
drawings of value to a farmer and to workers in nonfarm agricultural busi-
nesses?

What equipment is needed for making drawings?

Why is sketching useful, and when may it be used?

How are drawings made “to scale”?

What views of a construction project should be shown?

What are isometric, oblique, and orthographic projections?

How are different kinds of building materials shown in sketches?

Why is it important that lines and signs be used in the same way in all
drawings?

9. How should drawings be lettered?

e

Value of Drawings to an Agricultural Worker—All construction work
should be made from drawings or sketches. An agricultural carpenter should be
able to visualize a project in its different stages and be able to plan all its details
brfore the actual construction work is started. Such planning is essential for econ-
omy and efficiency in the work of construction, and as a guarantee that the finished
product will be of the desired specifications aad standards.

Plans and drawings are available for most of the construction work that the
average farmer or worker in a nonfarm agricultural business will do. They range in
complexity from simple working sketches to elaborate architectural drawings and
biueprints, Some general knowledge of the meaning of the lines and figures and of
the general arrangement of the items shown on a drawing is necessary. Drawings
are usually made according to a given scale so that all parts will fit together. If a
mistake is made in interpreting a figure or in reading a dimension on a drawing,
material will be wasted and a “botched” job will result.

The ability to make sketches and drawings of construction and repair projects
is worth the time required for developing the ability. For ordinary purposes, draw-
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ings do nor need to be elaborate, nor in great detail. A simple working sketch,
drawn clearly and neatly, is all that is necessary.

The ways in which a knowledge of drawing may be of profit to agricultural
workers may be summarized as follows:!

1. It aids workers in reading drawings of appliances chat chey wish to make,
or of buildings that they may desire ro build.

2. It aids workers in their repair and construction work and also in convey-
ing to others ideas regarding construction and repair work.

3. It makes it possible for workers to make drawings of anything which they
desire to produce before they actually construce it, thus making it possi-
ble for them to order or buy the necessary material more economically
and to eliminate waste in the construction of the project.

4. It makes it possible for workers 1o plan their buildings on paper.

Skill in drawing and lettering requires practice and careful attention to details,
By studying the instructions given in the following pages, the ability to make and
use simple drawings may be easily acquired.

Drawing Equipment and Its Use—A drawing board is of value if consider-
able drawing and lettering are to be done. A board can be made in a shop. Soft
pine and basswood are the kinds of wood usually used. The usual size is 18 inches
by 24 inches. A drawing board should be square so that the edges may serve as
straightedges.

A T square should be provided for use with a drawing board. When a T
square is used, the head or short part should be held firmly against the left edge of
the board; the blade of the square then extends squarely across the board. From
the blade of the T square, paper may be placed squarely on the board. Triangles
and a ruler are used for making measurements and drawing lines.

Triangles with 30-, 45-, 60-, and 90-degree angles should be secured for mak-
ing angles.

Other pieces of equipment needed for simple drawing are a ruler, 2H and 4H
pencils, an eraser, drafting tape, a soft cloth or brush, fine sandpaper for sharpen-
ing the pencil point, thumbtacks, and paper.

For ordinary working drawings it is not necessary to draw the lines in ink.
Special ruling pens are necessary for the inking of drawings. Inked drawings are
made in pencil first, then inked. The pencil marks are removed with an eraser or
with art gum.

Sketching—A penciled sketch is usually sufficient as a working drawing in
constructing simple projects. For practical use a sketch may be of more value from
an agricultural worker’s viewpoint than a detailed mechanical drawing. A sketch
need not be drawn exactly to scale, but it should show the general shape and
arrangement of the various parts of the object, with the dimensions of all parts
clearly indicated. As many views of the project should be made as are necessary to
show clearly the relationship of the differeat parts. Figures, showing dimensions,
and explanatory notes should be provided on the drawings to show clearly what is

* Adapted from Louis M. Roeh), The Farmer's Shap Buok, Milwaukee: Bruce Publishing Co., p. 408.
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to be done. No construction work should be started without a working drawing
being prepared first.

Mechanical Drawings—Blueprints and construction drawings made by ar-
chitects and engineers are very carefully and accurately drawn to scale, showing all
parts of the work in their proper perspective and relationship. Architects and en-
gineers are able 1o show a great many details of construction through the use of
certain types of lines, letters, and figures. They make the measurements, lines, and
letters correctly and neatly by using drawing instruments.

The accepted form for a mechanical drawing is shown in Fig. 7.1. Drawing
paper may be secured in the sizes indicated. Uniform margins should be left on all
sides of a drawing. The title block should appear in the lower right corner, showing
the utle of the drawing, the person doing the work, and other information as
indicated.

8%

SIZES OF DRAVINGS

MARGIN
BRx 1" ~ 4
n"x e - 7
"X 22" - )

TITLE BLOCKS IN
LOWER RIGHT HAND
CORNER OF EACH.

4“
-
NAME OF SCHOOL
DEPARTMENT

~ | TITLE OF DRAWING

DRAWN  BY

CLASS

DATE SCALE——

Fig. 7.1. A standard form for mechanical drawings.
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Drawing to Scale—Drawings must ordinarily be made on a scale that is con-
siderably reduced from the normal size of the object to be made. To show the
proper proportions in a drawing, draw all parts to the same scale. For example,
1 inch on a drawing may represent 1 foot in the dimensions of the project. Any
scale which is convenient to use may be chosen, such as 1 inch equals 1 foot, 14
inch equals 1 foot, 14 inch equals 1 foot, 1 inch equals 5 feet. The scale used
should be clearly indicated on the drawing.

Projections—An isometric projection discloses the object in a tilted position so
that the top, the front, and one side are shown. The “key” to making a drawing of
this type consists of getting the proper angles between the vertical line and the two
horizonrtal lines which form the “near” corner of the object. Each of the two hori-
zontal lines must make a 60-degree angle with the vertical line. (Hence, the name
“isometric,” meaning the same measure or angle.) See Fig. 7.2.

p"’\\
f"’ "
-~ P
fa > RN
! \\\ : \\" \\"
L ‘---_,_-_----:ﬂ.
$ T ;
ISOMETRIC AXES OBLIQUE AXES

Fig. 7.2. Isometric and obligue projections.

Assuming that the point where these three lines meet is the bottom corner of
the object, measure on the line to the right of the vertical line the proper distance
to represent the length of the object, using a suitable scale. Measure on the line to
the left of the vertical line the width of the object. Measure on the vertical line the
depth of the object. This gives the proper dimensions, and the connecting lines are
drawn parallel to these three lines (with some allowance for perspective). All per-
pendicular lines on the object are shown perpendicular in the drawing, and all
horizontal lines on the object basically slope in the drawing at an angle of 30
degrees from a base line or 60 degrees from the verrical lines.

An obligue projection also shows three sides of an object. It differs from an
isometric projection in that the corner angles are not equal, and the scale is accu-
rate for only one side of the object (Fig. 7.2). The line representing the length of
the object is drawn at right angles to the vertical corner line, while the width line is
drawn at a G0-degree angle. The long side of the object is accurately drawn to
scale, but the other sides are usually drawn to a scale of about three-fourths the
scale of the first side in order to give better proportions to the drawing.

Another type of projection is that which shows only one face or surface of an
object. It is called an orthographic projection. Separate drawings are made to show
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ToP
LEFT SIOE FRONT RIGHT SIDE REAR
BOYTOM

Fig. 7.3. Top—orthographic projections. Boltom—compare the orthographic projec-
tions with the model.

each side of the object. The drawings in Fig. 7.3 illustrate orthographic projec-
tions.

Conventional Lines and Symbols—The use of certain types of lines, shad-
ings, and symbols to represent certain features and construction materials has been
standardized so that a drafter, an architect, or a builder may readily interpret and
follow the plans drawn by another person. Figure 7.4 shows the more important
lines and their meanings, as well as the conventional symbols for common con-
struction materials. These lines and symbols should always be used in drawings.
Figure 7.4 also shows how dimensions are indicated on drawings. Study Fig. 7.4
carefuily.

Lettering—Good lettering is an essential part of a good drawing. A well made
drawing may be ruined not only in appearance but in usefulness by improper or
careless lettering. There are many types of lettering forms in use. Legible, neat,
well balanced, and attractive lettering is more important than the type of letters
used. Skill in lettering can be acquired by studying carefully the structure and
composition of the letters and by practicing.
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Fig. 7.4. Lettering and conventional signs used on mechanical drawings.

Figure 7.4 shows specimen sets of neat and attractive letters which are simple
to make and easy to read. Study the lettering on the drawings in this book, notice
the different types used, and select the drawings which in your judgment are let-
tered most appropriately.

Octagons—In shop work, octagons are often used. Two methods of laying
out octagons are illustrated in Fig. 7.5.

1. In “A," the diagonals a ¢ and b d are drawn on the end of a square piece
of timber. Points along the edges of the square are located a distance
from each corner equal to half the diagonal lengths. By drawing across

Fig. 7.5. Methods of laying out actagans.
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from points a2’ to a", b’ to b”, ¢’ to ¢", and d’ to d", the octagon can be
completed. Arcs may be used as shown for large layouts.

2. On a square stick of cimber place the steel square so that 24 divisions on
the square will be contained between two parallel sides. Then locate a
point 7 divisions in from the right and left sides. As shown in “B,” the
314-inch mark is 7 divisions from the left side and the 8%-inch mark is 7
divisions from the right side. These points locate the lines across the
timber paralle] to the edges. The octagon sides are obrained by drawing
across the ends of these cross lines,

Drawing an Ellipse with a Square—Ellipses are sometimes used in shop
work, and it is convenient to know how to draw them. Figure 7.6 shows the steps
necessary.

1. Draw the two desired diameters A B and C D.

2. Place the heel of the sguare at the intersection of the axes so that che
blade and rongue of the square lie along the axes.

3. Take a thin strip of wood or a piece of heavy cardboard and lay off 2 & =
EC and g ¢ = EA.

4, Drive nails through the strip at points ''#"" and “¢” and make a hole at “2”
for a pencil point.

5. Move point “¢” from A to D with the nails at points “4" and "¢ always
touching the steel square.

6. Repeat the process in the other quadrants of the figure to secure the
completed ellipse.

Fig. 7.6. The method of drawinp an ellipse with a square.




CHAPTER 8

Selecting and Caring for Lumber

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

1. What are some of the more common woods used in agriculture, and how
are they used?

What is meant by heartwood? Sapwood?

What are the two general methods of sawing lumber?

What is meant by seasoning wood, and why is it necessary?

What is meant by open- and close-grained woods?

Of whar significance are knots in lumber?

Why is lumber graded, and what are some of the common grades of
lumber?

How should lumber be stored?

What factors should be considered in selecting lumber?

10. Whar are some desirable insulation marterials?

SRV IS

®

w

Importance of a Study of the Common Woods—A wise buyer becomes
acquainted with the lumber products available, There are vast differences in the
various kinds of lumber; consequently, a buyer should know the purposes of the
different kinds. Some of the requirements of good lumber are that:

It will endure the elements to which it is subjected.
it will not crack and dry out.

It will nail easily withourt splitting.

It will stay in place.

It has the proper strength and durability.

AL D e

Two Main Classes of Trees—The rwo main classes of trees are the needle-
leaf or softwood and the broadleaf or hardwood: There are many varieties of trees
in each of these classes. Some of the softwood trees are the pine, fir, cedar, cyp-
ress, hemiock, and redwood.

The pines are of two main kinds—the yellow and the white. Yellow pine
wood is harder, more pitchy, and heavier than white pine. Because of these charac-
teristics, yellow pine is harder to work and splits more easily than white pine,
although it can be given a more durable finish. White pine is fairly light in weight,
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is low in shrinkage, takes a good finish, and is easily handled. The wood of pines
has widespread use and is a popular softwood.

Douglas fir comprises about 70 per cent of the timber of the West Coast and
about 25 per cent of the standing timber of the United States. Douglas fir is one of
the strongest of the softwoods. It is light in weight, and very resistant to decay.
The trees grow to be very large and, consequently, furnish lumber of large dimen-
sions for heavy construction and for the building of bridges. Douglas fir is one of
the most popular of the softwoods.

Sitka spruce grows on the North Pacific Coast. It is the largest of the spruces.
The wood is light in weight but very strong. It is used for veneering, crating,
sashes, doors, and framing,

Western red cedar grows in the Pacific Northwest. The trees are large in size
and furnish wood which is especially adapted for cabinet work, veneering, caskets,
beehives, sashes and frames, house siding, shingles, posts, and interior finishing.
The wood fibers are filled with oils which preserve the wood and give it a pleasant
odor.

Cypress trees are found in the South and on the Pacific Coast. The wood is a
yellow or reddish color, and very hard and durable. It is used in cabinet work, for
fence boards, and for building purposes.

Western hemlock grows on the West Coast. The wood is light, fairly soft,
straight-grained, and free from pitch. It is used for inside joists, siding, flooring,
lath, and ceilings.

Redwood trees are found chiefly in Oregon and California. The trees are
among the largest in existence, often having a diameter of 12 to 15 feet. The wood
is reddish in color, very soft, and long-lived, and it takes a good finish. It is used
for siding, interior finishing, and furniture.

The hardwood trees do not grow to so great a height as the softwoods. The
wood is very hard, beautifully grained, and well adapted o furniture-making or any
type of use which requires strength, hardness, and wear resistance. Hardwoods are
especially good for floors and interior finishing. Some of the more common trees
of this group are the walnut, hickory, oak, elm, maple, and ash,

Common Woods Used in Agriculture—Most of the woods used in agricul-
ture are softwoods. Some repair projects, however, may require hardwoods; con-
sequently, a person should know the characteristics of each type of wood.

Table 8.1 lists, for several common woods used on farms and in nonfarm
agricultural businesses, whether each is a hardwood or a softwood, and how each is
used.

Meaning of Heartwood, Sapwood—The inner wood of trees is known as
heartwood. Some of the characteristics of heartwood are its dark color, resistance
to decay, strength, and durability. Since it contains a smaller percentage of mois-
ture than the outer portion of a tree, it shrinks and warps less. Sapwood is the
outer portion of trees and is lighter in color than heartwood.

Methods of Sawing Lumber—There are two general methods of sawing
lumber: “slash-sawing” and “quarter-sawing.” See Fig. 8.1. Most of the lumber
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Table 8.1—Hardness and Uses of Gommon Types of Wood

Name of Wood Hardness Uses
White pine Soft lawn and garden furaiture; screen, window, and
door frames; exterior trim; cabinet work; interior
finishing.
Yellow pine Soft Benches, stands, and other places where 2 semi-

hard surface is desired.

Fir Soft Siding, common dimension materials (2-by-4's,
2-by-G’s), shiplap, sheathing, flooring, ceilings,
farm gates, hog houses, garages, barns, troughs,

feeders.
Cedar Soft Fence posts, sills, shingles.
Poplar Hard  Crates, wagon boxes.
Qauk, ash, elm, maple, hickory Hard Handles, interiot finishing, floors.

used in construction work is “slash-sawed.” “Quarter-sawed” lumber is often used
in furniture. Some woods, such as oak, have a beautiful grain and do not shrink
and warp as much when they are “quarter-sawed” as they do when they are “slash-
sawed.”

zas B

Ji
[

A

Fig. 8.1. An illustration of (A) slash-sawing and (B} quarler-sawing.

Seasoning Lumber—When a tree is first cut, it contains a large percentage of
moisture, which will cause the lumber to shrink and warp if it is not properly
dried. The drying process is known as seasoning, Lumber may be seasoned by the
following methods:
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1. Natural air-drying, which necessitates piling the lumber so that the air can
circulate around each piece. This method requires considerable time,
varying from a few months to several years,

2. Artificial drying, which is known as kiln-drying.

All lumber should be thoroughly dried before it is used. Green lumber placed
in a warm room to dry must be stacked so that the air will circulate around it. It
must also be held in place so that it will not warp.

Open- and Close-Grained Woods—Some woods such as oak, walnut, and
ash are open-grained and require a wood filler before finishing materials are used.
Other woods such as maple, gum, and pine are close-grained, or nonporous.
Close-grained woods do not require a wood filler; in fact, some will not absorb
wood fillers.

~ Knots in Wood—A knot is a cross section of a limb of a tree. Knots usually
vary in size from 1% inch to 2 inches in diameter and are objectionable for several
reasons: (1) they may fall out of place, leaving a hole in the lumber; (2) they
weaken the piece of lumber; (3) they are often unattractive; and (4) they are hard
10 saw.

In selecting lumber which contains knots, observe whether the knots show
any indication of decay and whether they are tight.

Grading Lumber—Graded lumber insyres a uniform product. Softwood
lumber less than 6 inches thick which is used for general building purposes is
divided into two main divisions: (1) select lumber and (2) commeon lumber.

Care of Lumber—Lumber must be stored properly; otherwise it may become
badly warped. In storing lumber:

I. Keep it in a dry, well ventilated place.

2. Place it on supports ar least a foot above the ground so that air can circu-
late under it

3. Pile all pieces of the same dimensions together.

4. Lay each piece flat.

3. Separate the layers one from another with a strip of lumber so that air can
circulate between them. .

6. Place dividing strips directly above each other.

7. Keep the stacks in neat order.

Factors to Consider in Selecting Lumber—Some of the factors which
should be considered in selecting and buying lumber are:

. The purpose for which the lumber is to be used.

. The amount of seasoning which the lumber has received.

. The type of grain the lumber has—especially if it is to be stained.
The number of knots and cracks in the wood.

. The price of the lumber per board foot.

. The hardness or softness of the wood.

. The amount of rot and worm holes in the wood.

. The dimensions of the lumber available.

It is a good plan to go 1o a lumber yard to select your materials. In this way
you can select the kind, dimensions, and quality of lumber you need.
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Table 8.2—Basic Grade Classification for Yard Lumber

Total products of
a typical log,
which are ar-
ranged in series
according o quai-
ity as determined
by appeatance.

/SEI.ECT

Lumber of good :p-
pearance and finush-
ing qualities.

[
COMMON

Lumber containing
defects or blemishes
which detract from 3
appearance; lumber
suitable for general
utility and construc-
tion purposes.

PIMENSION

Lumber suitable for
natutal finishes.

Lumber suitable for
paint finishes.

Lumber suitable for
use without waste.

Lumber permitting
waste,

Lumber suitable for
framing (rafters,
studs, joists.)

Grade based primar-
ily en strength, stiff-
ness, and srraight-
ness.

4No. 2

Grade A—Practically free from
defects.

Grade B—Allows a few small de-
fects or blemishes.

[ Grade C—Allows a2 limited
number of small defects or
blemishes that can be covered
with paint.

Grade D—Allows any number of
defecrs or blemishes which do not
detract from appearance, espe-
\ cially when painted.

No. 1 Common—Sound and
tight-knotted stock. Size of de-
fects and blemishes limited. May
be considered water-tight lumber.

No. 2 Common-—Allows large
and coarse defects. May be con-
sidered grain-tight lumbex.

[ No. 3 Common—Allows larger

and coarser defects than No. 2
and occasional knotholes.

No. 4 Common-—Low-quality
fumber admitting the coarsest de-
fects, such as decay and holes.

No. 5 Common—Must hold to-
gether under ordinary handling.

No.
joists, rafters, scaffolding, and
jpianking.

1 Dimension—Used for

Dimension—Used for
joists, rafters, plates, sills, and
other vertical load-bearing mem-
bers in light construction.

{No. 3 Dimension—Used in cheap

and small buildings.

Insulation Materials—I

y types of insulation materials are available on the

market. Some of these can b« used for several purposes other than insulation.
Most lumber dealers keep a supply of free literature which describes these mare-

rials.




CHAPTER 9

Selecting and Using Wood Fasteners

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What are the common types of nails and their uses?

How should nails be placed in wood?

How should nails be clinched? Drawn?

What are the common types of screws and their uses?

What are the common types of bolts and their uses?

How may rusied boles be removed?

What are the common types of hinges and their uses?

How should glue be used in agricultural woodworking and carpentry?

0 4OV A N

Importance of a Study of Hardware—It is important for an agricultural
worker to become familiar with the different kinds of bolts, screws, nails, and
hardware available. A few of the factors to consider in choosing hardware are:

1. The kind of lumber being used—some lumber splits very easily.

2. The location of the hardware-—interior work requires hard- are which is
durable, yet neat and attractive,

2. The permanency and strength desired-—heavy lumber requires heavy
hardware.

4, The cost of the project,

5. The type of project—a hog feeder would require heavier hardware than a
chicken feeder,

Not oaly is it important to know what hardware to choose, but it is also
important to know how much to buy.

NAILS

Common Types of Nails and Their Uses—There are many different kinds
of nails, but only a few kinds are frequently used on farms and in nonfarm agricul-
tural businesses. Common nails and brads are designated by the “penny” system.
Two explanations are given as to why nails were originally designated by the
“penny” system in England. One explanation is that six-penny and ten-penny nails
were sold for sixpence and tenpence per 100; the other explanation is that 1,000
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six-penny nails weighed 6 pounds. The symbol for “penny” is the letter “d.” A
six-penny nail is designated as 6d. The length in inches of common nails through
the ten-penny may be determined by dividing the “penny” by 4 and adding 4. The
length of a 6d nail may be found as follows: 6 divided by 4 equals 114 plus 14
equals 2 inches.

A spike is a nail, 16d size or larger. If a spike is longer than 6 inches, it should
be ordered by its length. The thickness of the wire from which nails are made is
termed “gauge.”

Common Nails—Nails of this type are used on farms and in nonfarm agricul-
tural businesses more than any other type of nail. They are made of wire and may
be purchased in any size from a two-penny (2d) to a sixty-penny. The eight-peany
nail is the size most frequently used. Common nails all have flat heads. They are
generally used for nailing such materials as sheathing, shiplap, fencing, and barn
boards.

Box Nails——Box nails are slightly smaller in diameter than common nails, and
they are better adapted for use in lumber which splits easily. They may be secured
in any size from a two-penny to a forty-penny. The six- and the eight-penny are the
sizes most frequently used. They are often used for the nailing of siding.

Finishing Nails—Nails of this type have small heads and are used when the
heads of the nails should not show. The heads are usually sunk or "set” in the
wood and the holes filled with wood putty. They are used extensively for interior
finishing, for ceilings, and for cabinet work. They may be secured in sizes from a
TWO-penny to a twenty-penny.

Common Brads—These nails have small heads similar to the heads of finish-
ing nails, and they are often used for the same purposes as finishing nails. They can
be purchased in various sizes. They are often classified according to their length in
inches.

Casing Nails—As the name indicates, these nails are used in laying floors.
They may be purchased in sizes as large as a twenty-penny.

6d Common 4d  Shingle

Bo:
6d Smooth Box 1" Barbed Roofing

[~ ————— w
Wire Staple

6d  Finishing Plasterboard

6d  Flooring . 8d Hinge

Fig. 9.1. Common kinds of nails.
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16d 12d 10d 9d

. Diameter | Approx.
Size | Length and Gauge Head {No. toLb.
2d inch..No. 15 e 847
ad ‘U{ inch..No. 14 134 543
4d Ié inch. . No. 12 b4 294
5d inch. .No, 12 |74 254
6d inch. . No. 11% 1 167
7d 2}( inch. .No. 11}4 % 150
Bd | 234 inch..No, 10} L 101
8d | 2% inch. . No. 10){ XA 92
10d | 3  ioch..No.. 9 S 66
12d | 3 inch..No. Si 61
16d BM inch. .Neo. e 47
20d inch. .No. LA 29
304 4}5 inch. . No. e 22
40d 15 inch..No. (LA 17
50d 5% inch_ . No, 1% 13
604 inch. . No. g 10

NWamHEo

1AM

(Courtesy American Steel and Wire Company)

Fig. 9.2. Commaon sizes of nails.

Table 8.1—Size, Length, Gauge, and Approximate Number of Naits per Pound?

COMMON BOX NAILS FINISHING

Length No. per . Na. per No. per
Size inin. Gauge Lb. Bauge Lh. Gauge Lb.
2d 1 15 876 1515 1,010 1614 1,351
3d e 1% 14 568 14L4 635 1514 807
dd oo 114 1214 316 14 473 15 584
5d ..ol 134 124 271 14 406 15 400
6d .l 2 11t% 181 1214 236 13 309
Td oo 25 1114 161 1214 210 13 239
8d ............. 214 1014 106 1114 145 1215 189
9d ..l 234 10V4 96 1y 132 1214 172
10d ...l 3 9 69 1014 94 111, 121
12d ...l 34 9 63 1015 88 114 113
16d ... 35 8 49 10 71 11 90
20d ..l 4 6 31 9 52 | 10 62
30d ol 4l 5 24 9 46
40d ...l 3 4 i8 8 35
50d ..o, 514 3 14
60d ............... 6 2 11

"Manual of Carpentry,” American Steel and Wire Company, Chicago.
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Shingle Nails—Nails for wood shingles are galvanized box nails and may be
secured in sizes from a three-penny to a six-penny, the four-penny nail being the
size most frequently used.

Roofing Nails—These nails can be purchased in lengchs from 34 inch to 2
inches. They may be purchased with several shank styles. In deciding which of the
many available types to use, it is best to consult your local roofing supply dealer.

Plasterboard Nails—As the name indicates, these nails are used for nailing
plasterboard. They may be purchased in sizes of 1 inch to 114 inches in length.
The type to use will depend on the type of plasterboard being used.

Hinge Nails—There are two general types of hinge nails-——the oval head and
the flat countersunk head. They may be secured in sizes from a four-penny to a
twenty-penny. They may be smooth or barbed, zinc-coated or blued. Barbed nails
have more grip and holding power. A zinc coating retards rusting. Zinc-coated
nails are often used in roofing or in latrice work because of their rust resistance.

Placing and Driving Nails—Nails should not be placed in a straight line
because they may split the wood. Even two nails may split a piece of wood if they
are placed in a straight line. Nails shouid be arranged in a zigzag line.

Splitting of lumber may be decreased by lubricating nails with paint, wax, or
soap. Lubricated nails do not bend as easily as nails that are not.

When a nail is almost driven, the last blow with the hammer should not be so
heavy that a hammer mark is left on the wood. Hammer marks are very unattrac-
tive and indicate carelessness. A nail set should be used when the head of the nail
is to be sunk below the surface of the wood.

Clinching and Drawing Nails—Nails should never be clinched on outer
surfaces but on under surfaces where they will not show and catch everything. In
clinching a nail, bend it across the grain; otherwise the wood may be split. On
surfaces such as the inside of a door, bend the points of the nails so that they will
be driven into the wood when the nails are clinched.

In pulling a nail from a piece of wood, use a claw hammer. A small block of
wood may be placed under the head of the hammer to secure a better leverage. If
the head of a nail is missing and the claw hammer will not grip the nail, a pair of
vise-grip pliers may often be used to pull the nail. Sunken heads may be raised by
lifting the board slightly with a pry and then driving it back into place so that the
hammer will grasp the nail heads. Clinched nails should be straightened and driven
back before they are pulled.

SCREWS

Common Types of Wood Screws and Their Uses—Screws are used for
fastening two pieces of wood together when a more secure fastening than nailing is
desired, or when the pieces of wood may need to be taken apart later. Screws are
made of a metal such as steel or brass. There are four common types of screws
used for woodwork: lag or coach, flac head, round head, and vval head. The
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bright-finished, flat-headed wood screw is the type most frequently used. The size
of screws is designated by their gauge and by their length. Length of screws varies
from 14 inch to 6 inches.

Lag screws are often used for fastening wood to a brick or concrete wall. A
good way of fastening lag screws to a wall is to drill, wich a star drill, a hole in the
wall which is slightly larger than the lag screw. The depth of the hole should not be
greater than the length of the lag screw, because the heads of lag screws are not
ordinarily countersunk. After the hole is drilled, a piece of flat, flexible lead as
wide as the hole is deep should be tightly rolled and placed in the hole so that
when the lag screw is screwed into it, it will unroll. If desired, an expansion shield
may be used instead of the lead.

Flat Round
Head Head

le Length- —9‘

e,

Coach or Lag Screw

(Caurtesy American Screw Campany)

Fig. 9.3. Common types of scraws.

In fastening two pieces of wood together with screws, it is a good procedure,
especially in hardwood, to drill holes in the wood slightly smaller than the screws.
If the under piece of wood is hard, continue the holes into it. If the under piece is
soft, it is not necessary to bore into it. In starting a screw, tap it with a hammer
before using a screwdriver.

A strong screwdriver which fits the screw head should be used. The head of a
screw is usually left flush with the surface of the wood unless stain is to be applied
to the wood. If stain is to be applied, the head should be countersunk far enough
to permit it to be well covered with plastic wood, putty, or a wooden plug. Flat-
headed and oval-headed screws may be countersunk, but round-headed screws
should not be countersunk. There is less danger of the wood splitting if the screws
are lubricated with soap or wax.




Table 9.2--8it Sizes for Boring Pilot Holes and Shank-Clearance Holes
(for Slotted- and Phillips-Head Screws)?

BIT CR DRILL SIZES
FOR PILOT HOLES
FOR SHANK-
CLEARANCE HOLES HARDWOODS SOFTWOODS
DRILL DRILL : DRILL NO. OF AUGER BIT
TWIST BIT Gauge No. or Lefter, TWIST BIT Gauge Mo., t¢ Be TWIST BT Gauge No., to Be | 1o Counterbore
No. | (Nearest Size in {to Be Used for Maximum| (Nearest Size In | Used for Maximum | (Nearest Size in | Used for Maximum( for Sinking Head
of |Fractions of an In.) Holding Power Fractions of an In.) | Holding Power | Fractions of an In.) | Holding Power (by 16ths)
SCREW | Sloited & Phillips Slotted & Philtips Slot. Phil. Slat. Phil. Slet. Phil. Slot. Phil. | Slotted & Phillips
0 Yis 52 g2 — 70 — Ysa — 75 —
1 %64 47 Yse —_ 66 —_ e — 71 —
2 332 42 ea Y3a 56 70 Yo s 63 75 3
3 m 37 Yis az 54 66 3ga sz 58 71 4
4 e 32 Yig Yeq 52 56 s Haz 55 65 4
5 Uy 30 5/ Y1e 49 54 Y18 s 53 58 4
6 %6 27 564 Yis 47 52 i1a Yea 52 35 3
7 5faz 22 Yes Yoy 44 49 Yig 354 51 53 3
8 eq 18 a2 5l4a 40 47 /64 Yea 48 52 6
9 3w 14 s 32 37 44 544 the 45 S1 6
10 3/:(; 10 ea 3/32 33 40 3/3'2 5/1:4 43 48 6
11 Y564 4 1 a4 31 37 3faz 554 40 45 7
12 Taz 2 Yy m 30 33 6a 332 38 43 7
14 N D aa s 25 31 oa Y32 32 40 8
16 ey I 32 fp 18 30 844 64 29 38 9
18 R N 3he a4 13 25 o4 U 26 32 10
20 gy P 13f54 332 4 18 Yea Lo io 29 11
24 u v Tan %1a 1 13 31e 864 15 26 12

'Courtesy Ametican Screw Company,
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BOLTS

Common Types of Bolts and Their Uses—In heavy construction work in
which permanency and strength are desired or in which an object may need to be
dismantled frequently, bolts are often used. There are three types of bolts ordinar-
ily used on farms and in nonfarm agricultural businesses: machine, carriage, and
stove bolts.

Bolts may be purchased with fine threads or coarse threads. The latter is the
more frequently used type in agriculture. The fine thread type is usually used in
motors.

CARRIAGE BOLT

FLAT HEAD STOVE BOLY

ROUND HEAD STOVE BOLT

(Gourtesy 1).5. Department of the Army)

Fig. 9.4. Some types of bolts.

Machine bolts have hexagonal heads. Bolts of this type are ordinarily used in
assembling machinery. They may be secured in sizes from 4 inch by 114 inches to
1V4 inches by 30 inches.

Carriage bolts have a rounded head and a square shank which is supposed to
keep the bolt from turning. Since it is impossible to hold the head of a carriage
bolt with a wrench, it is often a difficult job to remove bolts of this type, especially
after they have become rusted.

Stove bolts have round or flat heads and can be secured in a number of smail
sizes. They have either slotted or Phillips heads which permit the bolts to be tight-
ened or loosened with a screwdriver. They are used for lightweight structures of
either metal or wood. Stove bolts are threaded their full length.

Expansion shields and lag bolts are used in fastening materials to concrete,
brick, or stone walls. A star drill is used to drill the holes. When a lag bolt is
tightened, the collar around it expands, making it secure. An expansion shield
consists of a metal tube with inside threads and a lead collar around the tube. A
small bolt screws into the shield.

Toggle bolts are used to fasten objects to walls and ceilings. A hole is drilled in
the wall or ceiling and the toggle bolt inserted with the head closed. When the
head reaches the opposite side of the wall or ceiling, it opens. The bolt may then
be tightened with a screwdriver.
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Fig. 9.5. Tap row, |aft to right—square nut; wing nut, used on baits which need to be
changed or adjusted traguantly, sali-locking nut, no lock washer needed. Bottom row, left
to right—casteliated hex nut, used on machinery, cotter pin can be inserted through top;
slotted hex nut, coiter pin car be Inserted; hex nut, used because it will fit in locations
with smali clearances and ie adapted to sockei wrenches.

4 TYPES

Fig. 9.6. Hex bolts used on agricultural machinery,

Washers—The two common types of washers are (1) plain and (2) lock. Both
types may be either smooth or corrugated. The plain type is used frequently in
agriculture. When there is danger of a nut coming loose and when permanency is
desired, the lock-type washer should be used.

Nuts—Nuts are of the square, hexagon, castellated, slotted, and thumb types.
The castellated and slotted types, which may be held in place with a cotter pin, are
the best types to use in machinery and tractors where safety is essential. Thumb
nuts are often used on bolts which may need frequent adjusting,
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Removing Rusted Bolts and Nuts—Removing bolts and aues which are
badly rusted is often a problem. Figure 9.7 shows some of the ways to overcome

this problem.

SweT WITH
1. HACK 52w, 3
S .
HOLDING BOLT WrTH ELECTRI-
0ANS TAPE AND PLIERS.
Howpiig Bolr
WITH SCREW Screw DRIVER.,
DRIVER. -~
~SLOT WITH
4 3 Hack Saw. 4.
2 5 5\pk5 OF HEAD HoLoinG BoLy
: CuTOrF. With HACK
CurTiNGg BOLT HEAD S0 AW SLOT I
WRENCH WHLLHOLD IT. Enp OF BoLt.

(Countesy E. C. Atkins and Co.)

Fig. 9.7. Ways to remave rusted bolis and nuts.

HINGES

Common Types of Hinges and Their Uses—Hinges, like other hardware,
are of many types. Each type has certain uses. The following types are frequently

used:
Strap binges, because they are durable and have considerable strength, are

‘probably the type of hinge most frequently used in agriculrure.

PIN

‘/0 ,0')// /o
- HING
KNUCKLE T HINGE o S ~—~o

/ CONTINUOUS HINGE

| - LEAF 7 q ] @
yd %8

\O\O\@

BUTT HINGE

SURFACE HINGE

SPRING HINGE

{Courtesy U.5. Department of the Army)

Fig. 9.8. Types of hinges.
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T hinger are also frequently used. They are generally used where the butt end
of the hinge is to be fastened into a studding.

Butt binges are of two types—those in which the center pin may be removed
and those which have the center pin riveted in place. The first type is frequently
used on house or cabinet doors. Butt hinges should be set flush with che parts they
hold together when they are used on cabinet-type doors.

Hasp binges are used for fastening doors, and they provide a place for a lock.

{Courtesy Republic Steel Corperation)
Fig. 9.9, Steet anchors may he nsed fo fasten timbers and give added strength 10 a

Door Pull Elbow Carch Door Button

Screw Hook

-

Corner Brace Screw Eye Hock and Eye

Fig. 9.10. Other types of hardware frequently used in agricuiture.
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OTHER TYPES OF HARDWARE

Timber or steel framing anchors are often used to increase the strength of
buildings. See Fig. 9.9 for an illustration of the use of steel framing anchors to
strengthen a roof. The hardware shown in Fig. 9.10 needs little explanation. The
use of each is apparent.

Corrugated fasteners are used for making joints in such projects as boxes,
screen doors, and screen windows. They may be purchased in various sizes from 14
inch to 1 inch in depth, with two to seven corrugations.

RIDGES PARALLEL

RIDGES AT SLIGHT ANGLE

(Courtesy U5, Department of the Army)

Fig. 9.11. Corrugated fasteners.

{Courtesy U.S. Department of-the Army}

Fig. 9.12. Using corrugaied fasteners.
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GLUE

Value—Glue may be used to strengthen agricultural buildings, especially
portable buildings. It is used to supplement the use of nails, boits, screws, steel
plates, crosstie rods, and metal straps. In some situations, glue is used as a substi-
tute for these materials, When glue is used to fasten two boards together, the bond
is often stronger than the wood itself. When two pieces of wood in a building are
joined together with glue, the bond is several times as strong as it is when the
pieces of wood are nailed together.

Type of Glue—In agricultural woodworking and carpentry a glue is needed
that s highly water-resistant, capable of being handled at a relatively wide range of
temperatures, and usable on rough lumber where the only pressure applied results
from nailing.

Casein glue is resistant to heat, cold, and moisture and meets the other re-
quirements of a glue for use in the construction of agricultural buildings and
equipment. It is not waterproof, however, and is not suitable for exterior use. For
wood exposed to the weather—exterior use—the glue that should be used is resor-
cinol resin. It is the type of glue recommended as the structural adhesive for ag-
ricultural service buildings. Casein glue and resorcinol resin glue may be obtained
from most hardware stores and lumber yards.

How to Use—Glue may be spread with a brush on the pieces of wood being
joined together. The pieces of wood should then be nailed or bolted to hold them
together until the glue sets. When the glue sets, the wood is held by both the glue
and the pails or bolts. In putting up small portable buildings which must withstand
much strain when moved, glue and nail or bolt all braces and joints.

-

i ! 17
W ! L
- —;:, -‘," - Lt
L~

{Courtesy U.S. Dapartment of the Army)

Fig. 9.13. Toe-nailiny. Toe-nailing is often used with glue to secure and sirengthen
glued joints.




Table 9.3—Characteristics of Some Types of Glue for Wood!?

Type of Glue Source Mixing Apply Drylng Time Strength Shop Uses Water Resislance
Animal. Soak in cold water, | Hot. Sets rapidly. Very strong. Joint work not Low.
then heat in glue exposed to water.
pot to 140°F,
takes all day.
Cold liquid animal.| Anima) or fish. | Ready-mixed. Cold or warm. | Varies with type. | Medium. Repair work. Low.
Casein, powdered. | Milk. Water-soluble; Cold. 4-5 hrs. Good on oily For semi— Good.
takes 20 min. to woods. Works water-resistant
mix for each use. when cool, too. joint work and as
a filler.
Plastic. Plastic resin. | Mix in cold water; | Cold. Sers up hard Very strong, Joint work. Very high.
ready immediately. enough to work
within 5-6 hrs.
Clamping is
necessary.
Epouxy Resin. Resin and Cold. Clamping not Stwong. Resists Wood, masonry, Waterproof.
hardener, easily necessary, heat metal, china, glass.
mixed. Hardens
overnight,
Resorcinol resin Liquid resin and | Cold. 8-10 hrs. Strong at any Outdoor furniture, | 100 per cent
glue. powdered catalyse Clamping temperature. boats, etc., where waterproof.
10 be mixed. necessary. dark color does
not matier.
Powdered resin. Resin. Mix for each use. |Cold. Clamping Strong if joint fits | Nor good for poor | Good.
necessary. well. joints or oily
surfaces,
Contact cement. Liquid Cold. Bends on contact | Light duty. Leather. Good for High.
ready-mixed for when dry. large surfaces like
use, wall paneling,
White glue. Liquid Cold. Sets in 20-30 min. | Moderate Paper, fabric, Moderate.
ready-mixed for with moderate strength, canvas, felt, and

use.

pressure.

cork o wood.

'Courtesy U.5. Department of the Army,




CHAPTER 10

Cutting Rafters

4.
5.
6.

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

. Is a study of rafter cutting important?
. What tools are necessary? '
. What is the meaning of the following: plumb cut, plate, seat cut, span, run,

rise, and pitch?

What is the procedure for laying out a rafter?
How may rafter lengths be determined?

What are some of the common types of roofs?

Importance of Rafter Cutting—Rafters in the buildings on farms and on the
premises of nonfarm agricultural businesses often do not fit. Agricultural workers
often have had little, if any, training in how to lay out and cut a rafter. Rafters
which do not fit together have less strength than those which fit propetly. An
amateur carpenter often tries to hold the rafters in place while marking where to
saw. A little knowledge of rafter curting makes the job simple and easy.

Tools Necessary—The following tools are used in rafter cutting:

1
2
3

. A steel square for measuring the correct angles.
. A sharp, pointed pencil or knife for marking the rafters.
. A crosscut saw.

In addition to these tools, a pair of sawhorses may be used.

Definition of Terms—The following terms are often used in rafter cutting:

1.
2,

=~ Gy N

Plumb cut—the vertical cut at the top end of the rafter.

Plate—the base on which the lower end of the rafter rests. The plare

usually rests across the top of the studding.

. Seat cur—also known as the bird’s mouth; the cut at the end of the rafter
which rests on the plate.

. Span—the distance from the outside edge of one wall plate to the outside
edge of the opposite wall plate.

. Ran—one-half of the span.

. Rise—the vertical distance from the top of the plate to the ridge.

. Pitch—the slope or slant of the roof of a building. It is the proportion of

the rise to the span. A roof having a 24-foot span and an 8-foot rise

17
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would have a one-third pitch, The pitch may be determined by dividing
the rise by the span.

Laying Out Rafters—In laying out rafeers, the smaller part of the square, the
tongue, 1s used for the run and the larger part of the square, the blade, is used for
the rise. Figure 10.1 shows that with a run of 6 feet and a rise of 6 feet, the square
is placed on the rafter using 12 inches on the tongue and 12 inches on the blade.
For a one-fourth pitch, place the steel square on the rafter and use 12 inches on
the tongue and 6 inches on the blade. An experienced carpenter usually measures
from the top or peak end of the rafter. Apply the steel square as many times as
there are feer in the run. Since the first pair of rafters is usually used for a pattern
in cutting other rafters, it is essential for all measurements to be cotrect.

PITCH = RISE DIVIDED - EPmen FRiseTo 12°RUN
BY THE SPAN. /\ LPITCHA RISE TO [2'RUN

1PITeH 6" RISE T IZRUN
> SPITCH 8'RISE T0 12 RUN
{95" & ) PTed 9" RISE TO 1IZRuN

AP $PrTen 127RISE TO 127RUN

& & PITCH IE'RISE TO 12'RUN
\/@ & APiTen 18 RISE TO 12'Run
< HOLE PITCH 2 RISE TO IZRUN

¢ N ]

:z.l. 120 12 J!'-L 22‘ 2 - DOUBLE PLATE

12 o0 I e 1w

i STUDDING
TO RUN= 60 .

! TAL ——J 5P 1250

{Gourtesy E. C. Atkins and Co.}

Fig. 10.1. The principle involved in the use of a framing square in the laying out of raflers.

Determining Rafter Lengths—Rafter lengths may be computed by applying
the square as indicated in the previous paragraph, by using a steel square, or by
using a table. The length of a rafter is the hypotenuse of a right angle. The rise and
run of the rafter are the other two sides of the right angle. For a half pitch roof, the
steel square is placed on the rafter using 12 inches on the tongue and 12 inches on
the blade as previously explained. The diagonal distance or hypotenuse berween
these points is 17 inches, The 17 inches is read from the rafter rable on the square.
(See Fig. 10.4.) The length of the rafter is 17 inches times each foot of the run. In
a building with a span of 20 feet and a run of 10 feet, the rafter length would be 10
times 17 inches, or 14 feet 2 inches for a half pitch roof. (Fig. 10.3.)

Rafter lengths may also be computed by using a table such as Table 10.1. To
find the length of a common rafter, look at the point in Table 10.1 where the
column representing the width of the building inrersects with the row ré’presenting
the rise in inches per foot. For example, what is the lengeh of a common rafter for
a building 20 feet wide, having a roof sloping 8 inches per foot? Answer: 12'14".
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AATE SACK RALTERS
(Courtesy Stanley Tools)
Fig. 10.2. The kinds of rafters.

10 FIND RAFTER LENGTH FOR. GIVEN )1 e3%
PITCH:- FIND RAFTER LENGTH PER .
FOOT OF RUN FROM DIAGRAM AND 2l g &0
MULTIPLY BY FEET OF RUN,
15 13 |56 R
|2 |53 8
5)%|51°2
RAFTER LENGTHS % 23459
PER FOOT OF RUN o |33
5 %354’
/ / by [
g AW
?__" 1
L3 |
— i wan
" Oﬂ.\stmuﬁlm
RunN {3 3paN)

(Courtesy E. C. Atkins and Co.)

Fig. 10.3. How to figure pitch and ratter lengths with a framing square.

The tail length of the rafter beyond the side of the building must be added co the
dimensions given in the rable to give the overall length of the rafter. If a ridge
board is used, the rafter length is shortened half the thickness of the ridge boatd.

Rafter or Framing Table—The rafter or framing table found on a square is
used to determine (1) the lengths of common, hip, valley, and jack rafters and (2)
the angles to cut these rafters. The length of a common rafter may be found by
multiplying the “length given in the table” by the number of feet in the run of the
building. To find the length of a common rafeer for a building with a run of 9 feet
and a roof with a one-third pitch—8 inches of rise per foot of run—proceed as
follows: First, find on the “inch line” on the top edge of the blade of the square the
figure just below the figure 8. Note that the figure is 14.42, which is the length of
the rafter in inches per foot of run. Second, since the run of the building is 9,
multiply the 14.42 by 9, which will give 129.78 inches. Third, 129.78 divided by
12 equals 10'934". The length of hip or valley rafters is found in the same way as
common rafters, except you use the figures found on the second line of the square.
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Rafter or Framing Table
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(Courtesy Stanley Tools)

Fig. 10.4. Framing square tables.

Table 10.1—Handy Table of Rafter Lengths for a Gable Roof

Rise in Width of Bullding in Feet
inches
per
Faot 1 12 14’ 16 18
47 534, " 63 Hy " 74 e " 8' 5 %" 9'51%/15"
6" 5'7H 12" 6'8 Y " 79" 8'11 1" 100 s "
8" 6 Y T2 8’ 4'1/," Q7" 10°94% 12"
10" 66V " 7'9 %, " 9" 1 Yy" 10" 44%/12" 11’8 "
12”7 T 851" 910 3y " 11" 33,7 12'8 3%, "
Rise in Width of Building in Feet
Inches
per
Foot 20 22 rly 26’ 28’
4" 107652 * 107 e " 120 73, " 13" 8%12" 149 Yh"
6" 11'2%4" 12'3 7" 135 - 14" 6% 2" 15°719/12"
8" 127" 132 5 " 14" 54" 15" 74 " 1691 "
10" 13 Yy 147310/." 13" 7% 16°11%:2" 182 3"
12" 14" 1%1" 15'6 %12" 16" 115 18* 4%y " 199 12"

Essex Table—This table is on the back of the blade of a square. It is used to
determine the number of board feet in a piece of lumber 1 inch thick. Lumber less
than 1 inch in thickness is figured as 1 inch. The first step in using this table is to
find the figure 12, which is the starting point for all calculations, on the outer edge
of the blade of the square. To find the board measure for a board 10 feet long and
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9 inches wide, find 10 in the column under 12 and glance along the line containing
the 10 until you come to the figure in the column below 9. This figure will be 7-6
or 714, which is the number of board feet in the board.

Brace Table—This table is on the back of the tongue of a square. It is used to
show the length of common braces. The figures which are written one above the
other represent the rise and run. Note in Fig. 10.4 the numbers 317212 under the
number 7. These numbers mean that when the rise and run are 51 inches each, the
brace will be 72.12 inches long.

Roof Types—The roofs that are frequently used on structures are gable,
curb, shed, two-third span, gambrel, half monitor, and monitor. If the principles
governing the laying out of common rafters are understood, it will be possible to
frame any of these roof types, as only modifications of common rafter construction
are involved.

LEAN-TO ROCF GABLE ROOF HiF ROOF
e
GABLE AND YALLEY ROGF HIP AND VALLEY ROOF

Fig. 10.5. Roof types.
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PAINTING AND GLAZING

Student Abilities to Be Developed

Ability to appreciate the importance of using good paint and wood preserva-
tives.

Ability to prepare a surface for painting,

Ability to mix and apply paint.

Ability to mix and apply whitewash and calcimine.

Ability to measure and cur glass.

Ability to prepare a sash for fitting and fastening the glass.
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Painting
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Safety Precautions—Paints, varnishes, and lacquers may be fire hazards, and

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What are some common kinds of paint?

What ingredients are found in paint, and what is the use of each?
What factors should be considered in selecting paint?

How many square feet will a gallon of paint cover?

How many coats of paint should be applied to new wood?

How should paint be mixed?

How should paint be stored?

What kind of 2 brush should be selected? How should it be cleaned?
How should a new surface be prepared? Primed?

How should paint be applied?

. What causes bhstering? Crawling? Alligatoring? Peeling?
. How may old paint be removed?
. How should repainting be done?

What are whitewashing and calcimining?

. What precautions should be observed in painting metals?
. What are the advantages of wood preservatives, and how should they be

used?

SELECTING AND USING
PAINTS AND PAINT BRUSHES

"

may poison a user of them. When paints are used, adequate ventilation should be
maintained because the volatile ingredients such as turpentine and acetates are
toxic. The use of chemicals to remove paints from the skin may cause a rash, or a
chapping of the skin. Before eating or drinking, persons using paint should
thoroughly clean their hands with solvents and with soap and water. Paints contain-
ing lead, mercury, and chromates are poisonous when taken into the system. When
spray painting is done, wearing a suitable respirator will help prevent poisoning.

177
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Importance of a Knowledge of Painting—A knowledge of paints and paint-
ing is important because paint is used for decorating and for protecting such sur-
faces as wood, metal, and masonry. There are many different kinds of paints, and a
knowledge of paint ingredients is necessary to select paints intelligently. The dura-
bility of paints depends to a large degree upon how they are applied; therefore, a
knowledge of how to apply paint is very important. In buying paint the amounts
needed are estimated. Consequently, an understanding of how to figure the quan-
tity of paint required for a job is essential.

It is poor economy to wait until buildings are badly in need of paint before
painting. Buildings will require less paint and last longer if a good covering of paint
is continuously maintained on them.

Common Kinds of Paint—There are numerous kinds of paint on the marker,
each manufactured for a given purpose. Different types of paint are required for
wood, metal, concrete, and masonry surfaces. In selecting paint it is advisable to
choose the kind that is suited for the use intended.

The common kinds of paint used on farms and in nonfarm agricultural busi-

nesses are: '

Outside paint

{nterior flat finish paint

Enamel paint, which is used chiefly for interior woodwork and furniture
Floor paint

Meral paint

Roof paint

Concrete and masonry paint

N S

Additional information regarding paints may be secured from paint stores.

Ingredients Found in Paint—Paint is composed of a pigment and a vehicle.
Linseed oil is often used as the vehicle in high-quality oil base paines. It acts as a
material for binding the pigment particles together to form a paint film. Linseed oil
may be “raw” or "boiled.” If boiled linseed oil is used, a drier is not added to the
paint. Boiled oil has been heated, and certain chemicals have been added which
hasten deying. It is usvally darker in color than “raw” oil.

In purchasing linseed oil, be sure it is in the original container sealed at the
factory. This prevents the substitution of an inferior grade of oil.

Pigment is composed of the solid, finely divided particles of the paint such as

white lead, zinc oxide, and titanium dioxide.
’ In oil base paints, turpentine may be added to chin the paior, to make it pene-
trate better, and to make it dry more quickly. It may also improve the spreading
qualities of the paint, but when used it reduces the thickness of the paint film.

Extenders add bulk and cheapen the cost of manufacturing paint. They have
very little hiding power, and they lessen the durability of the paint film. The fol-
lowing is a partial list of ingredients known as extenders:!

| ;C. H. Van Vlack, “Selecting and Applying Paints,” lowa State Universicy Extension Service Circu-
ar 261, p. 7.
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1. Calcium carbonate (also known as whiting, chalk, or pulverized lime-
stone)
2. Silica (also called siliceous matter, quartz, or sand)
3. Barium sulfate (barytes)
4, Calcium sulfate
S. Magnesium silicate {talc, china cly, or soapstone)

Liguid drier is a chemical that may be added to raw linseed oil to hasten dry-
ing. Boiled linseed oil contains a drier.

Latex Paints—Latex paints are becoming more popular and are used as both

- interior and exterior paints. Modern paint chemistry has made it possible for paint

manufacturers to produce latex paints that will compete successfully with oil
paints, and they are usually considered to be easier to apply.

Synthetic latex paints are of two types: the latex-solution type and the latex-
emulsion type. In the latex-solution type, the synthetic latex is emulsified so thar it
mixes with water.

The following discussion will refer to larex paint that has water added as a
vehicle. Latex paint that mixes with water is the type being used primarily in ag-
riculrure. An important advantage of latex paint that mixes with water is the ease
with which paint brushes, rollers, and sprayers may be cleaned. They may be
cleaned with water or with water and detergents,

Latex paints may be made with polyvinyl acetates or with acrylics. The acrylic
latex paints are often more expensive. However, the acrylic latex paints are con-
sidered to be superior for certain surfaces such as wood, with alternating hard and
soft layers, and cement surfaces. For concrete surfaces that contain salts, the ac-
rylics are often superior in covering the salts that emerge on the surface.

Latex paint has had a werting agent added. This wetting agent causes the paint
to foam. Care must be taken to select latex paints that do not foam excessively,
because this makes their use more difficult. !

Latex paints should also be selected that have a bactericide and a fungicide
added. The bactericide is needed to combart the growth of bacteria that will break
down and destroy the paint. A fungicide is needed to prevent mildew, especially if
the paint is used on extevior surfaces.

An antifreere addiriee s noeded i die paiuc is to be stored in freezing condi-
tions. An antirust additive is needed to prevent the rusting of the can.

Characteristics of Latex Paints—A very desirable characteristic of latex
paint is the ease of cleaning painting equipment. It has excellent brushability but
should be flowed on and not brushed out too much. If brushed out, the coat of
resin will be too thin. It is easy to apply too thin a covering of latex paint.

Latex has a mild odor compared to oil paint and is preferred by many painters
because of its mild odor. It dries rapidly, which is often an advantage, in a tempera-
ure range of from 50 to 90 degrees Fahrenheit. It shounld not be applied when the
temperature is below 50 degrees Fahrenheit,

If applied properly, flowed on, it provides a good film, but often not as heavy
a film as oil paints. With improper application it is possible to obtain a film that is
too thin. An advantage of latex paint is its safeness. It gives excellent resules on
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both wood and concrete. It gives excellent service under normal exposure. It gives
fair service under marine exposure, and it is not recommended for use under cor-
rosive exposure conditions.

Latex paints provide excellent initial color. They do not yellow, and their fade
resistance is excellent. Their hardness and adhesion abilities are usually rated as
excelient.

Latex paints are rated as good resistors of abrasion, detergents, acids, alkalies,
strong solvents, and heat. They are rated fair in their resistance to water. They
have a high moisture permeability rating, which may be an important advantage in
many Situations.

In selecting latex paints, remember that in good paints, 14 to 15 per cent of
the volume is water. It is easy to reduce the cost of the paint by increasing the
percentage of water. However, this decreases the thickness or consistency of the
paint, which makes it more difficult to apply and decreases the area a gallon of
paint will cover.

Cement-Water Paints—Cement-water paints are used on masonry surfaces.
The binder for these paints is cement. They may be safely used on porous,
masonry walls or walls that are subject to dampness. The film of cement-water
paint is hard, strong, and brittle. It has a tendency to develop fine checks.

Cement-water paints weather by erosion. They have good decorative qualities
and may be tinted various colors. They are applied with a stiff brush and
“scrubbed” onto the surface.

Aluminum Paint—Aluminum paint is made by mixing an aluminum powder
in a spar varnish. Metal surfaces should be painted with a rust-inhibirive paint such
as red lead or blue lead before aluminum paint is applied.

Aluminum paint is used to stop the bleeding through of creosote or red paint.
It 15 also used as a priming coat for resinous woods. It is often used as an interior
maoisture barrier. However, aluminum paint is not a “cure-all” for paint failures
caused by moisture’s getting behind the painr film.

The cost of aluminum paint is usually greater than the cost of a good grade of
white paint.

Metallic Zinc—Metallic zinc is a rust-inhibitive metal paint, Other types of
rust-inhibitive paints are red and blue leads, asphalt, and zinc chromarte. For rusty
roofs, metallic zinc paint is the most satisfactory of the rust-inhibitive paints.

Two coats of a metallic zinc paint will provide a coating equivalent to the
galvanizing found on new galvanized roofing sheets. Two coats will Jast 12 or more
vears. One coat over rust will last 5 or 6 vears.

Metallic zinc paint may be brushed or sprayed. Surfaces shouid be dry and
clean when the paint is applied.

Whitewashing—Common whitewash may be made by adding water to hy-
drated lime. Whitewash is often used for basement walls, sheds, and dairy barns.
Whitewash provides a white coat to surfaces, burt it is not very durable. It also may
be used as a carrier of disinfectant. Following is a formula for wnitewash which is
more durable than common whitewash:
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38 pounds of quicklime, slaked (strain the paste while thick through a wire
fly screen).
4 gallons of hot water (stir vigorously).
12 pounds of sale
G ounces of alum
1 quart of molasses (added to above).

} (dissolve in 4 gallons of hot water).

Thoroughly mix all ingredients together and thin with water. If a disinfectant
is desired, add 1 to 2 quarts of crude carbolic acid to the whitewash.

Calcimining—Caicimine is a mixture of such ingredients as whiting, china
clay, and glue. Calcimining is one of the cheapest mechods of finishing inside walls,
but the finish is less permanent than paint because it cannot be washed. Calcimine
can be purchased as a powder ready to be mixed with water. Generally it should be
mixed the night before it is used. The directions for mixing, as given on the box,
should be followed. It should be spread on a wall with a large brush, and with rapid
strokes. Make sure that all the surface is well covered. A coat of sizing should be
applied to a wall before it is calcimined.

Selecting Paint—There are a number of factors to consider before buying
exterior paint, such as:

1. Opacity or hiding power, ability to cover the surface.

2. Durability. Since three-fourths of the cost of a paint job is labor, a dura-
ble paint should be used. It is the cheapest in the long run.

3. Painting Surface. Will the paint film fail by peeling, cracking, scaling, or
alligatoring? (See Figs. 11.6 o 11.9.)

4. Bulking of Pigments. Some pigments such as calcium carbonate (lime-
stone} and magnesium silicate cost considerably less than high-quality

pigments.

Before purchasing exterior paint, study the formulas on different can labels to
determine the composition of the paints. High-grade white or tinted exterior
paints should not contain more than a total of 10 per cent of the extenders such as
calcium carbonate, magnesium silicare, and silica.

Examine the formula labels on paint cans and purchase only a high-quality,
durable paint made by a reliable manufacturer and sold by an established dealer. It
often requires more time to apply a low-grade paint than one of a higher quality.
Low-grade paint often cracks or peels, leaving an expensive job of surface prepara-
tion before repainting,

Number of Square Feet a Gallon of Paint Covers—If a factory-prepared
paint is used, the recommendations of the manufacrurer should be consulted re-
garding the number of square feet a gallon of that company’s paint will cover.
Rough surfaces require more paint than smooth surfaces.

Number of Coats to Apply—In painting new wood, apply three coats. The
fiest coar should be a thin, penetrating, priming coat, the second a body coat, and
the third a finish coat. Three thin coats of paint are much more desirable than one
coat of paint which produces a film of the same thickness as the three coats. Thick
pamt will not penetrate the wood properly, and it is difficult to spread evenly. Two
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coats of paint are sufficient on surfaces which have been painted previously and on
surfaces where the old paint is in good condition.

Mixing Oil Paints—It is very important for paint to be mixed properly be-
fore it is applied. A portable electric drill with a paint-stirring attachment is a very
useful tool for this purpose. In mixing oil base paint, follow these steps:

1. Pour off part of the liquid.

Stir the remaining liquid and paste until it is free from lumps and is of

uniform texture.

3. Pour oil slowly back while stirring the mixture.

4. Pour the mixture back and forth from one container to another unril all
the paint is of a uniform color and coasistency.

5. Follow the directions on the container as to the amount of thinner to use.
When a thinner is used, only a small amount should be added at a time,
and it should be thoroughly mixed with the paint before more thinner is
added.
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[Courtesy tead industries Associztion)

Fig. 11.1. Factory-prepared paints should be thoroughly mixed hefore they are applied.

Skins in Paint—When paint is left in a closed container which is not com-
pletely full or when it is left in an open container for some time, a scum-like
covering forms over the top. This scum is known as skin. It may be removed after
it is cut loose from around the inner edges of a container. If paint is stirred before
the skin is removed, it will break into small pieces and become mixed with the
paint. Small particles of skin in paint may be removed by straining the paint
through a cheesecloth or screen wire. Skin, however, will not form on paint that is
properly stored.

Storing Paint—To prevent the formation of skin on paint, fill containers
completely and seal them tightly. The formation of skin may also be avoided by
sealing a partially full container and turning it upside down.
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{Courtesy Lead Indusltries Asscciation)

Fig. 11.2. To prevent the formation of skin on leftover paint, tura the container upside
down or fill the centainer completely and seal it tightly.

Selecting and Cleaning Brushes—Good brushes of the correct size and con-
struction are necessary for good work. A 31%- to 4-inch brush is usually the best
size of brush for painting large surfaces. Brushes 2 to 214 inches wide are suitable
for small surfaces, while 1- to L1»-inch brushes are needed for narrow surfaces.

A good paine brush is expensive. Bargain-priced paint brushes usually lack the
qualities desired 111 a good paint brush. A good brush has a metal ferrule, ring, or
cap, securing the bristles which are anchored in a tough material, such as rubber, to
the handle. The metal ferrule should be nailed to the handle.

The bristles should “toe-in,” forming a wedge shape. When the brush is
pressed on a smooth surface, the edge of the brush should be even and sharp.
QOpen the bristles and check the “heel” of the brush. Good brushes have two base
plugs instead of one. Check the bristles. They should be springy. Pull on the bris-
tles. They should not come out. Check whether or not the brush has a mixture of
long and shorr bristles. It should have. Check individual bristles to determine
whether or not the ends are split or frayed. They should be.

Good brushes have hair bristles or nylon bristles. The hair bristles are
superior for oil paints. They will take up more paint than nylon bristles. With latex
paints, nylon bristles are satisfactory.,

The following procedure for cleaning brushes is recommended:

1. Clean escess paint from the brush by wiping it over the edge of the paint
paddle. Avoid wiping it over the edge of the bucket, as this may cause
paint to run down the ourside of the bucker.

2. Wipe any remaining excess paint from the brush with a cloth or piece of
paper.
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{Courtesy Lead Industries Association)

Fig. 11.3. After cleaning a pain'l brush, remove the liguid in the brush by twirling the
handie between your hands.

v

Clean oil paing, enamel, or varaish brushes in turpencine. Mineral Spirits
may be used for cleaing oil-paint brushes. Brushes used to apply water-
soluble latex paines may be cleaned with warer.

t. Whip our liquid by whirling the bandle between hands, keeping che bris-
thes inside the container. (See Fip, 1130

Remove the brush from the container and place it in o paper wrapper to
keep the bristles Jean and wedge-shaped. (See Fig, i

6. Fasten the wrapper in place with a rubber band or string, and lay the
brush flae to keep che bristhes seraight. (See Figo 1140

-

A brush should always be cleaned immediately after the painting job is
finished, becuause it can then be cleaned casily. A clean brush is always ready for
mmediate use. To redeem old, hard brushes, soak them in a facquer thinner,
which will often dissofve the dried paine, Lacquer brushes should be cleaned with a
lacquer thinner, preferably @ thinner made by che manufacturer of the lacquer
used. Shellac or alcohol stain brushes should be cleaned in alcohol.

Applying Paint

Paint may be applied by brushing, dipping, rolling, or sprayving. It may be
applied with a regular brush, or with a sponge or a sponge-type applicator.

Brushing—When using a brush, follow chese procedures:

I, When painting floors and breast-high vertical surfaces, hold the brush
berween the thumb and foretinger similar o the way @ pencil is held. The
position of the brush in the hand should be changed o suit the positions,
necessary in painting, Hold the brush lightly, keeping the arm and wrist
muscles relaxed o avold fatigue.
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illustrated to keep the bristies clean and wedge-shaped. Store the brush on a flat surface
to keep the bristies in their proper position,

A

% o

" (Courtesy Leat Industries Association}

Fig. 11.4. Afler a brush has baen thoroughly cleaned, wrap it in heavy paper as

Dip the brush into the paint about one-third the length of the bristies.
After dipping, tap the brush genrly against the inside surface of the con-
tainer to remove the excess paint. Avoid rubbing the bristles over the
edge of the container. This causes paint to run down the outside of the
container.

First paint the edges of the trim.

Do not redip the brush in the paint until the paint in the brush has been
used.

Begin at the highest pcint to be painted and work dowaward.

Apply the paint with the grain, when painting wood.

Brush our well to prevent brush marks. Any paint which is accidentally
dropped, soiling the surface below, should be removed with a clean cloth
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{Courtesy Lead industries Association)

Fig. 11.5. In painting, dip the brush in the paint about one-third the length of the
bristles.

wet with turpentine for oil base paint and with water for a latex base
paint.
9. Do not carry more than 1 to 2 quarts of paint ar a time.

Rolling—Paint rollers are handy for applying paint. Rollers can be used with
mast types of paint, but latex paints are more easily applied with roflers than some
of the other types.

Roliers with long handles are used to paint the exterior of buildings. A long-
handled roller can be used to reach high points that are difficult to reach with a
brush.

The speed of painting is greater with a roller than it is with a brush, Rollers
are of two types: the fill type and the dip type. The fill type of roller is handy, but
it is more difficulr to clean. In using a roller, do not roll fast. If a roller is rolled
fast, the paint film will not be even because bubbles will be produced.

Spraying—Spray painting saves about two-thirds of the labor required to
brush paint. The equipment for spray painting is considerably more expensive than
the equipment for brush painting, but the saving in labor will pay for the equip-
ment if there is much painting to be done. A spray gun, if used correcily, will apply
either a thin or a thick coat of paint more evenly than it can be applied with a
brush.
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The tools required for spray painting are:

t. Spray gun. A spray gun may be of the suction type or of the pressure
type. The pressure-type gun is usually considered to be superior to the
suction-type gumn.

2. Marerial pressure tanks.

3. Hose lines.

4. Air compressor.

In spray painting, the spray gun is held at right angles to the surface being
painted. The distance to hold the gun from the surface depends on the type of
paint being used. The distance most frequently used is from 8 to 10 inches. An
operator of a spray gun should experiment to determine the best distance to hold
the gun when using different kinds of paint.

In order to keep the gun at right angles to the surface being painted, the
entire arm and body should be moved with the gun. Failure to move the entire arm
and body with the sweep of the gun will cause the distance of the gun from the
surface being painted to vary.

Not holding a spray gun at a right angle and at the same distance from the
surface being painted will produce “patchiness” and an uneven coat of paint. When
the gun is held ar an angle of less than 90 degrees, the surface nearest to the gun is
flooded with paint and the surface farthest from the gun is insufficiently covered.
The surface that is flooded may sag or run.

Failure to hold a spray gun at a 90-degree angle to a surface being painted is
caused by a pivoting at the end of a sweep or by a twisting of the wrist. Holding a
gun at an angle ro the surface of less than 90 degrees also increases the paint mist
in the air, which increases the amount of paint used. A beginner may have diffi-
culty keeping the gun the same distance from the surface when it is directly in
front of the body as it is at the ends of the sweeps.

Manufacturers have developed several different nozzles for use with the vari-
ous kinds of paints. For best results the correct nozzle for the type of paint being
used should be secured. Adjustment of the nozzle to produce a wide fan spray
gives the best results when walls are being painted. A round cone spray is best for
small articles.

If the nozzle of a spray gun becomes clogged, a split or distorted spray is
produced. To prevent this, clean the nozzle with the thinner recommended for the
type of paint being used. A discarded toothbrush makes a good brush for cleaning
nozzles,

The trigger on most spray guns must be pulled back completely to release
both air and paint. When the trigger is pulled back only part way, air alone is
released. The air alone can be used to clean the surface to be painted. Pull the
trigger back completely when ready to paint so that there will be a proper mixture
of air and paint from the start. Release the trigger promptly at the end of a stroke
to prevent oblique painting angles and to avoid the waste of pain:.

The pressure to use in spray painting depends on the type and kind of paint
being used. When spray painting, regulate the pressure until a steady spray stream
is produced.
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Spray equipment needs to be cleaned thoroughly, carefully, and completely
after it has been used, or it will not work the next time. For oil base paints, a
thinner may be used to clean the equipment. A suction gun may be cleaned by
pouring out the paint and partially filling the gun with the thinner., The thinner
may alsc be forced around in the gun by closing with the fingers, simultanecusly
and repeatedly, the tip of the nozzle and one of the air intakes.

If work is stopped for only a short time, the nozzle of the spray gun should be
removed and cleaned.

A spray gun should not be left immersed in thinner or water for long periods
of time, because the thinner or water may be injurious to the gun.

A spray gun is especially useful for painting farm machinery. The pressure of
the spray forces the paint into parts of a machine that are almost impossible o
paint with a brush,

Avoiding Paint Failures

Time to Paint—Many paint failures result because the paint was applied
when the weather was too cold or too wet. For best results do not paint during
wet, foggy weather. Also, do not paint too early in the spring or too late in the fall
when the weather is cold, or cold and wet. The temperature should be 65 degrees
or higher for painting. It is not advisable to paint surfaces while they are in the
direct sunlight. Do not apply a second coat of paint until the first coat is dry. Do
not paint too early in the morning or too late in the day, when the surface being
painted is moist with dew.

Blistering and Crawling—When paint is applied to a surface containing
moisture, it may blister. (See Fig. 11.6.) Blistering may also be caused by heat. The

{Courtesy Lead industries Association}

Fig. 11.6. The most common cause o} blistering is moisture, which comes through Yhe
wall In back of the paint film. Peeling naturally follows blistering. Blistering may be pre-
:enied by praviding ventilation within the walls or by lowering the humidily within the

wilding.




PAINTING ' 189

sun will sometimes cause newly painted surfaces to blister. Crawling is the wrin-
kling or “running and sagging” of the paint film soon after the paint is applied. It
often occurs when paint is applied over glossy, greasy, or cold surfaces. (See Fig.
11.7.) If oil base paint has a tendency to “crawl” when being applied, add 1 table-
spoonful of ammonia per gallon of paint.

(Courtesy Lead Industries Asseciation)

Fig. 11.7. Ruaring and sagging may occur when the paint contains too much oil or
when it is applied too thickly. Any condition which retards drying, such as painting in cool
weather or late in the evening, may cause this defect. Wher painting is done in the late
afternoon or in cool weather, the addition of a2 small amount of turpentine in an oil base
paint will cause the paint to set more quickly.

Preparing and Priming a New Surface—In preparing new wood surfaces
for painting, It is important {for the wood to be dry and clean. If grease is present, it
should be removed with 2 cleaning compound. Wood should not be painted when
damp. If the wood has been exposed to rain, it should not be painted until it is
thoroughly dry. Wood should be primed with a thin coat of paint. Otherwise,
difficulty may be experienced with the paint cracking, peeling, or scaling. The
following procedure for preparing and priming the surface of new wood is
suggested: '

I. Clean, smooth, and prepare the surface.

2. Apply the priming coat of paint, brushing it out well,

3. Cover the knots and pitch streaks with shellac thinned with an equal
amount of denatured alcohol after the priming coat is dry. The shellac
seals all pores and prevents pitch from coming through the paint.

4. Patry all holes and cracks after the surface is primed.
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"»f s %‘ ity ' ¢
ecking and Alligatoring

tCourtesy Leas industries Assaciation)

Fig. 11.8. Alligatoring may result when a hard-drying coat of paint is applied over a
soft undercoal. Alligatering may alsc be an intication that inferiar or slow-drying ofls have
been substituted for linseed oif. if a smooth finish is desired, the old paint must be re-
maved from the alligatored surface befare it is repainied.

iCourtesy Lead [ndustnes Associaton

Fig. 11.9. Wood expands and confracts with the changes in moisture content of the
wood. Cracking is a defect caused by the use of paints that contain pigments and gils that
form hard, brittle paint films. Such paint cannet stretch and shrink with the expansion and
contraclion of the woed, so the paint film breaks and altows water to get into the wood
under the paint, which causes scaling and ftaking.
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More paint is required for the priming coat than for the succeeding coats,
because more paint is needed to fill the pores in the wood.

Removing Old Paint—Old paint may be removed by either of the following
methods;

1. By using a liguid paint remover, which is satisfactory, but rather expen-
sive.
2. By using a propane torch, a putty knife, and a scraper or sandpaper.

Repainting—When repainting is done, the following procedure is recom-
mended:

1. If the old painr is not badly checked, prepare the surface by dusting,
washing, and sanding.

2. Ifthe paint is badly cracked, remave it before applying the new paine. All

loose, scaling paint should be removed with a hand scraper, putty knife,

or wire brush.

Replace broken boards and repair all damaged woodwork.

Do any reglazing necessary.

Tighten all bolts or screws on hinges and other hardware.

. Scrape or brush all rust scales from metal surfaces, and prime them with a

suitable rust-resistant paint.

7. Sand or wash glossy surfaces with a solution of 14 pound sal soda to each

gallon of water.

On e

Painting Metal

Painting increases the life and improves the appearance of farm machinery,
metal roofs, and other metal objects found on a farm or in a nonfarm agriculcural
business. Special precautions must be taken in painting metal, however. A special
rust-inhibiting primer coat is required to stop rust. Ordinary paint will not inhibit
the formation of rust. Rust-inhibiting paints of the following types must be used:
{1} metallic zinc, (2) red lead, (3) blue lead, or (4) zinc chromate.

Before a rust-inhibiting primer coat is applied to metal, all dirt, grease, and
rust should be removed. A steam cleaning machine may be used for this job. If a
steam cleaning machine is not available, the grease, dirt, and rust may be removed
with a safe solvent sold by most oil companies. Do not use gasoline. A wire brush,
a scraper, or sandpaper may be used to remove rust from metals that are rusted
badly.

When applying a rust-inhibiting primer coat to meral, be sure that the paint
gets into all the cracks, crevices, and seams, and around the boles, because these
are the places where rusting often starts. A rust-inhibiting metal paint may also be
used as the primer coat for wooden parts of metal objects. If a finish coat is used,
spraving is often an easy method of application.

Painting Galvanized Roofing

Galvanized roofs rust after a few years but may be protected if painted prop-
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erly. Painting experiments have shown that the best protecrion is achieved by
painting with a first coat of rust-inhibiting paint and a second coat of aluminum
paint prepared for use on metals. Equally good is a first coat of gray metallic zinc
paint and a second coat of aluminum paint prepared for use on metals.

The less rust on galvanized roofs before painting, the longer the paint job will
last. Wire brushing a rusty roof does not seem to increase the life of a paint job.

Wood Preservatives

Wood preservatives are very popular. Preservatives such as pentachlorophenol
{penta) protect wood from rot, fungi, and termites, and repel moisture. Wood
preservatives are easy (o apply aud are relatively cheap. They are often used to
preserve fence posts, wooden runners on portable agriculrural buildings, wagon
box floors, and so forth. They are superior to paint for cerrain situations because
there is no blistering, peeling, or cracking.

They may be applied with a brush, or the wood being treated may be soaked
in the preservative. Wood that has been pressure treated with a wood preservative
is often available from lumber companies. Pressure treating of wood with a wood
preservative 1s the best method of application, but it cannot be done on the job.

Several types of wood preservatives are used. The two main types are (1)
oil-solublé preservatives and (2) water-soluble preservatives. The oil-soluble pre-
servatives are usually preferred by farmers and nonfarm agricultural workers, the
most popular ones being penta, coal tar creosote, and copper naphthenate. Penta is
a popular wood preservative because it does a good job of preserving wood, it
does not "bleed” like creosote when painted, and it is easily obtained.

Some types of wood preservatives are toxic and should not be used for feed
troughs and so forth. Wood treated with creosote cannot be painted later. Paint
may be used on wood chat has been treated with penta or copper naphthenate.

Ladders

Ladders have many uses on farms and in agricultural businesses. One of the
uses is in painting. In purchasing a ladder, consider strength, durability, safety, and
use as well as price. A metal ladder, for example, that lacks strength and is not
sufficientdy rigid is not safe and is a poor buy ar any price. In purchasing a ladder,
fook 10 see whether or not it has the seal of approval of the American National
Standards Institute (ANSI) or the Underwriters’ Laboratories (UL).

Wood Ladders—Wood ladders are preferred by some because of their stur-
diness. They often do not bend as much as metal or fiberglass ladders. However,
they are heavier than metal ladders and are, therefore, often harder to handle.
Wood ladders are durable and will last a long time if protected from moisture and
sunlighe. If left unprotected, they may be weakened by insects or by rot. They may
also split or crack as a result of the action of the sun and rain. If weakened by any
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of these actions, they may break and be unsafe. Wood ladders should not be
painted, because the paint hides weaknesses that may be unsafe.

Metal Ladders—Substanrial, safe mertal ladders are otten more expensive to
purchase than wood ladders. However, they will last longer than wood ladders.
The aluminum and magnesium ladders have an advantage of being light in weight.
Because of the safety factor, metal ladders should not be used around electrical
cables.

There are several types of ladders such as step ladders, plazform ladders, and
extension ladders.

(Courtesy U.8. General Services Adminsstration}

Fig. 11.10. Parls of a step ladder.
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Step Ladders—A step ladder is portable and self-supporting, but its length is
not adjustable. A step ladder’s lengrh is measured by the distance from the bottom
to the top of the front side of the side rails. Step ladders are often used in painting
and other low jobs where a self-supporting ladder is needed.

The steps of a step ladder should be flar and paralle] when opened, and the
distance between steps should be no more than 12 inches. The steps should be a
minimum of 314 inches wide, (See Fig. 11.10.)

Platform Ladders—The platform ladder is closely related to the step ladder
and may often be used in agriculcure. A platform ladder is easy to store, and two
platform ladders may be used to form a low platform for painting and other work.
(See Fig. 11.11.)

[m=a]

N

a {Courtesy U.5. General Services Administration)

Fig. 11.11. Some of the uses of platform ladders.

Extension Ladders—An extension ladder is a straight ladder that is adjustable
in length. Its size is its extended length, (See Fig. 11.12.)

An extension ladder should be equipped with positive stops to prevent it from
being extended too far. A 36-foot extension ladder should have a 3-foot overlap
when fully extended. A 48-foot ladder should have a 4-foot overlap, and a 60-foot
ladder should have a 5-foot overlap.

An extension Jadder needs to be considerably longer than the height to be
reached. For example, a 36-foot ladder is needed to reach a height of 29 feer.

The feet of an extension ladder should have safety shoes to prevent slippage
of the ladder at the bottom.

In setting up an extension ladder, place the lower end against a solid object.
Then grasp the uppermost rung with both hands, raise the top of the ladder, and
move forward under the ladder, grasping each rung as you proceed, until the lad-
der is upright. When you place the ladder against a wall, the bottom of the ladder
should be one-fourth of its working length, not its total length, from the wall.
Make certain that the ladder has a firm and level footing.
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(Courtesy U.S. General Services Administration)

Fig. 11,12, Parts of an extension {adder.
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{Caurtesy U.S. General Sen-ices Administration)

Fig. 11.13. Safely walf grips on top of a ladder.
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{Courtesy U.S. General Services Administration)

Fig. 11.14. Right and wrong ways of using a ladder.
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[Courtesy U.5. General Services Admiristration)

Fig. 11.15. The right way of getting off a ladder onto 2 roof.
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CHAPTER 12

Glazing

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

How should glass be measured?

How should glass be cut?

How should a sash be prepared for glass? How should glass be fastened?
Why is glazing compound used?

How should glazing compound be applied?

W N e

Importance of Glazing—Windows of agricultural buildings frequently be-
come broken and should be repaired. Glazing does not require a great amount of
skill or equipment. Following is the equipment needed:

A smooth bench top

A framing square or straightedge

A glass cutter

A wax pencil or piece of soap

. A puuy koife

. A chisel for removing glazing compound
A lead pencil and paper

. A pair of pliers

% OV N

Glazing
Knife

Putty
Knife

Glass
Cutter

(Caurtesy Vacational Agricalture Service, University of-Hliinais}

Fiy. 12.1. Tools for glazing.
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Glass may be purchased in single strength, which is Y12 to /10 inch thick, or in

double strength, which is Ys to Y inch thick. Single-strength glass is generally
used in small panes, while double-strength glass is best for large windows or in any
place where considerable strength is needed. Triple-strength glass is also available.

Measuring Glass—Glass must be handled carefully to avoid breakage. It is

very important to measure glass carefully so that it will fit properly after it is cut.
The following procedure for measuring glass is recommended:

I, Lay out the desired measurements on a piece of paper.

2. Place the paper on a smooth surfuce and the glass to be cur over the
paper so that the lines on the paper will show through.

3. Lay the glass with the concave side uppermost.

4. Mark the glass 15 to Y« inch smaller than the frame in which it is to be
placed. This allows for small projections that may be on the edges of the
frame.

5. Mark the glass with a wax pencil or a sharp piece of soap.

Cutting Glass—Care must be exercised in cutting glass; overwise breakage

will result. The following procedure is recommended:

Wear safery glasses to protect eyes from glass chips or slivers.

Clean the glass of all dirt and grease.

Place the glass on a smooth sutface or over several layers of newspaper.
Start cutting at the far edge.

Hold the cutter perpendicular to the glass, with the notched side leading
in the direction of travel.

A N

STRAIGHT-
EDGE

Fig. 12.3. Using a stralghtedge when cutting glass.




6. Press the curcer firmly and pull it along the straighredge toward you. One
stroke across is enough. Never go over a scratch the second time. This dam-
ages the cutter and may cause the glass to break unevenly.

7. Place the glass over the edge of the bench so the scracch is slightly past
the edge. Tip the projecting glass down slightly. Tap lightly directly
under the scratch with the notched edge of the glass cutter. Starr tapping -
at the center and work roward the edges.

8. Remove irregularities on the cut edges by chipping them off with the
notches on the glass cutter.

9. Smooth the edges of the glass by filing.

Preparing a Sash ard Fitting Glass—Glass is held in a sash by glazier’s
points, which are triangular or diamond-shaped flanged pieces of galvanized metal.
A sash should be prepared as follows before a glass is put into it:

1. Remove the old glazing compound with a purty koife or chisel, being
caretul not to chip away any of the wood of the sash. A propane torch

(Courtesy Vocational Agricufture Senvice, University of lllinois)

Fig. 12.4. A prapane torch may ba usad to soften the oid glazing compound. Remove
alt of the ald glazing compound. Use a pair of pliers to remove the glazier's points. Then
remove the broken glass from the sash.

(Courtesy Vacational Agricufture Service, Urriversity af fifinors)

Fig. 12.5. . After the old glazing compound, glazier's peints, and giass have been
removed, and after the rabbei has heen smoothad, It is usually advisable to treat wooden
frames with linseed oil or 2 primer coat of paint to reduce the ahsorption of the ofi from
the glazing compound.
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may be used to soften hardened glazing compound, if you are careful not
to burn the wood frame,

Kemove old glazier’s points.

Remove broken glass.

Smooth both sides of the rabbet (the groove cut for the glass).

Give the rabbet a priming coat of paint or linseed oil.

Apply glazing compound 10 the rabbet, and put the glass in place.
Fasten the glass, using No. 1 or No. 2 glazier's points. Place the glazier’s
points 6 inches apart. Place poinss near the corners.

Drive glazier's points with a 1- or 11%-inch chisel. Hold the bevel of the
chisel flar against the glass. A special tool for dviving glazier's points is
available. :

Mo

®

Glazing Compound and Its Uses—Glazing compound seals the glass and the
sash and makes a window weatherproof. It is also used for filling cracks, holes, and
crevices in wood. It may be colored with either stain or paint to martch the finish
where it is used. Glazing compound, a chemically manufactured product, is rapidly
replacing putty for glazing.

Applying Glazing Compound—Glazing compound should not be applied to
bare wood, because the wood absorbs the oil in the glazing compound, leaving it
dry. The surface of the wood should be painted, oiled, or shellacked before the
glazing compound is applied. In applying it to glass, the following procedure is
suggested:

1. Knead the glazing compound in the palm of the hand until it is soft and
pliable.

2. Roll the glazing compound into a long pencil-like roll, and lay it over the

glass along the rabber.

Spread evenly and firmly with a putty knife, using sufficient glazing com-

pound and smoothing a bevel from the glass to the top of the rabbet.

. Wipe excess glazing compound from the glass and the sash.

. Fill marred or damaged places in the rabbet with glazing compound.

. Paint the sash after the glazing compound is thoroughly dry.

e RV SN

i

{Courtesy Vocational Agriculiure Servica, University of Illinois)

Fig. 12.6. After applying a coat of finseed oil or primer paint, apply a thin layer of
glazing compound to the waod frame before inserting the new glass. This thin layer of
glazing compound will seal and bed the gtass in the frame.
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glazier's points

diamond point driver

(Courtesy Vocational Agricufture Scrvice, University of {linoisj

Fig. 12.7. After the new giass has been placed in the frame, fasten it with twe or
three glazier's points per side.

(Courtesy Vocational Agricutture Service, University of Jliinois)

Fig. 12.8. Atter the new giass has heen installed, apply glazing compound to the
depth of the frame.
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WELDING

Student Abilities to Be Developed

Ability .to appreciate the importance of arc, mig, tig, spot, and oxyacetylene
welding.

Ability to use the proper safety precautions in welding.

Ability to select equipment for welding.

Ability to handle welding equipment.

Ability to perform the ordinary welding jobs on a farm and in a nonfarm ag-
ricultural business.

Ability to maintain welding equipment.




CHAPTER 13

Welding with Eiectric Arc, Mig,
Tig, and Spot Welders

O
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10.
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15.
16.
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18.

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What is electric arc welding? Mig welding? Tig welding? Spot welding?

. What safety precautions should be observed in the various methods of

welding?

What factors should be considered in selecting, installing, and maintaining
arc welding equipment?

What is an electrode, and what determines the correct size and type of
electrode to use?

How should parts be prepared for welding?

VWhat are the essenrials of running a good bead?

How should an electrode be weaved in welding?

Whar is padding, and how is it done?

What are the welding positions and the common kinds of joints and
welds?

What procedures should be followed in making the various kinds of
welds?

How can distortion be conatrolled?

How is an electric arc welder used for cutting metal?

What procedures are used in welding sheet metal, cast iron, and high-
carbon steels?

How may different metals be identified?

What are the uses of a carbon arc torch?

How is brazing done?

How is hard facing done?

How is tig welding done?

ELECTRIC ARC WELDING

Meaning of Arc Welding—Arc welding is a melting together of two pieces of

205




206 MECHANICS IN AGRICULTURE

metal, or a fusion process. The beat is obtained from an electric arc which is formed
berween a base metal and an electrode. An electrode is shaped like a wire or rod and is
held in an electrode holder, which is atrached ro an electric arc welder. When this
electrode is properly brought into contact with the metal to be welded, an electric
arc is formed. The heat of this arc, which is approximately 6,500 degrees
Fahrenheit, fuses the metal being welded and melts the electrode or filler metal.

= POWER
LINE /

TRANSFGRMER

ELECTRODE HOLDER

o] PNy ) f
PRIMARY

~- =i WINDING
WALL i
= CUTLET
GROUN

Fig. 13.1. The welder transforms power from the tine to proper current for the ars.

|

{Courtesy The Lincoln Electric Ce.)

Metallic Arc Welding—In mertallic arc welding a metal electrode is used.
This is the most commeon kind of arc welding done in agricultural mechanics. Wich
the metallic arc it is possible to weld in any position, such as flat, horizontal, over-
head, or vertical. Metallic arc welding often produces a weld which is stronger than
the base metal.

{Coustesy Marquette Manufacturing Co., Minneapolis)

Fig. 13.2. A diagrammatic sketch showing metailic arc welding.

Carbon Arc Welding~The original arc welding process was done with a
carbon arc. This pracess involves the use of a carbon electrode in a holder. The
carbon electrode makes contact with the base metal to form an arc flame. A filler
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Carbon £ lectrode

Shielded Metal Filler Rod

leclrode Point

RRNRARREEAEY

Derposited Metal

Fip. 13.3. A diagrammatic sketch showing carbon arg welding.

rod is melted in the arc flame and into the puddle formed in the metal with the
0. AL 1.1 rele o A o P By | R ~k wlan

LIAME. ll. lb ull].lLLlll. {0 WCIU VCIllLd.lJy Of Overneaa Wllll & CArpon aic pedause o1 tne
large puddle of molten metal which is formed. The welds produced are usually not

as strong as the base metal.

Importance of Welding—The welder has become an important piece of
equipment on farms and in nonfarm agricultural businesses throughout the United
States. It is especially desirable for use in machinery maintenance. It may be used
to rebuild surfaces thar become worn and to weld broken parts. It can also be used
in the construction of labor-saving equipment.

Safety Precautions—The importance of safety precautions in electric arc
welding cannot be overemphasized. Arc welding is not a dangerous job if the
proper precautions are used. Iz f5 especially important, bowever, to protect properly the
eyes, the skin, and the body. Protection from spattering molten metal is also essential. In a
school shop or other places where several persons work at the same time, arc welding should
be done, as a protection to others, in a booth or bebind a fireproof portable screen designed
Jor that purpose. Be sure to use a shield at all times.

The following is a partial list of safety precautions:

1. Do not strike an arc untif your helmet is in place. Check to see that all
observers are using the proper protective equipment. Never look at the
arc with the naked eye,

2. Make sure the helmer and lenses are in gocd condition. Be sure to use the

broper lenses. Number 10 shade lenses are recommended.

. Wear gauntlet-type leather gloves while you are using a welder,

. Wear suitable clothing to protect all parts of the body from the rays of
the arc and the sparter of hot metal. Keep shop clothes clean. Oil-
soaked clothes are ignited easily.

5. Wear trousers without cuffs. Sparks may fall into the cuffs and burn the

trousers.

6. Keep the booth or screen closed to protect other workers from the arc
rays.

7. Wear safety glasses when you are chipping or grinding metal.

ML &)




Eve Burn-~If persons look at an electric are without protecting their eves
properly, they may receive eve burns, commonly called "hot sand in the eyes.” The
pain mav be intense for a few hours, but it does not usually cause a permanent eye

.
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[Cuﬁnésy Hebart Brothers Company)

Fig. 13.4. The correct ciothes and grotective equipment such as a leather apron,
leather gloves, and a helmel are essential for the safety of the weider.

Grasp the clectrode bolder by the insulated handle.

Usc tongs or plicrs to handle metal or electrode stubs—rthey might be
hot. Avoid touching hot metal with the hands or body.

Place the clectrode holder, when 1t is not being used, on a hanger in-
stead of faving it on a welding rable or a grounded metal surface. It
might cause a shorr in the circuir.

Avord welding ancar tlammable or combustible materials.

Avard adiusting the welding machine while 1t s in operation. Make sure
the main switch 15 open before vou stare to repair a welder.

Keep tools and mewl in cheir proper location so they will por tall on
vour feut.

Provide aldequate ventlation while vou are welding. This is especially
IMpOrtne as i protection against exhaust fumes when an engine-driven
welder is used. Avoud breathing the tumes from an arc.

Avoid using cables which are woen or poorly connected.

Avoid working on line circuits or coaductors.

Avord operazing che polariey switch while the welder is operating under
foad.

Avoid welding while vou are standing tn water or on a Jamp oor,
Protect cables from damage. Do noc allow cables to be run over.

injury. Aspirin or aceraminophen may be taken o relieve the pain,

Selecting, Installing, and Maintaining Equipment

Common Types of Arc Welders——There are two types of electric current
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used in arc welding: D.C. or direct current, and A.C. or alternating current. The
following types of arc welders have been developed:

1. D.C. welders, which operate with a direct-current generator which may
be driven by a gas engine or an electric motor.

2. A.C. welders, which operate with an alternating-current generator driven
by a gas engine or an electric motor.

3. A.C. rransformer-type arc welders.

The D.C. welders and the A.C. transformer-type welders are the most popu-
lar. Both types have their advantages. The A.C. transformer-type welders have no
rotating or moving parts; consequently, they operate at a low cost, and their initial
cost is usually less than rthe cost of the D.C.-type welders. Some inexperienced
operators prefer a D.C. arc welder because they believe it is easier to strike an arc
with this type of machine. Some prefer the engine-driven, direci-current,
generator-type welders, because they can be used for either field or shop work.

The A.C. transformer-type electric arc welders are popular because of their
lower cost and because they are easy to use.

Arc Welding Equipment and Supplies—The equipment illustrated in the
. - . - - 4l . .
figures in this chapter indicates the items usually included in an arc welding outfit.
The following are other pieces of equipment and supplies that are needed:

Welding booth or portable screen.

Gloves, gauntlec type, preferably of leather.
Heilmet and safety glasses.

Machinist's bench vise,

Power grinder with 8-inch to 10-inch wheel.
Cold chisels and punches.

Hammers, peening and chipping.

Soapstone or chalk for marking.

Wire brush.

W00 N Ghn b b b =

Installing an Arc Welder—Before attempting to install an arc welder, read
the manual of instructions supplied with the welder carefully.

The suggestions, procedures, and practices which should be followed in the
mnstallation of an arc welder are:

1. Secure the services of a qualified electrician to supervise the work.
2. See that the requirements of the National Safety Code and the National
Electrical Code are met,

3. Use No. 8 or heavier wire from the service entrance to the switch for a
240-volt-ampere A.C. welder.

. Make sure that the wiring to rhe welder is properly grounded.

. Locate an A.C. welder in a dry place so that the rransformer unic will not
come in contact with oil or moisture, which is injurious to the windings.
Keep the welder at east 3 inches above the floor to provide for ventila-
tion underneath it

6. Connect properly to the power system. An A.C. welder is built to opet-

ate on alternating current only. Be sure thar a 240-volt machine is con-
nected to a power supply line with a voltage of 240. Be sure that the
welder is connected to operate on the correct phase curreat, such as sin-
gle phase or three phase. See instructions with the welder.

A
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Selecting Electrodes—An electrode is a2 metal rod which is usually covered
with a coating.of flux. See Figs. 13.2 and 13.5. The flux carries the slag from the
metal to the top of the weld and keeps the air from the weld until the metal cools.
The slag can then be removed.

e

(Courtesy Hobart Brathers Company)

Fig. 13.5. Actual sizes of elacirodes.

Electrode size is measured by the diameter of the electrode. The Ys-inch elec-
trode is the size used most frequently in agricultural mechanics. The 3/az-inch,
3f3s-inch, and 3/1¢-inch electrodes are also used. The size of the electrode influ-
ences the amperage or current required for welding. When welding mild steel, a
316-inch electrode requires an amperage range of 140 to 240. For a %/ss-inch elec-
trode an amverage range from 120 to 170 is required. For a Y/s-inch electrode an
amperage range from 70 to 120 is required, and for a %/3z-inch electrode an amper-
age of 30 to 80 is needed.

The Marquette Manufacruring Company recommends the electrode diamerers
given in Table 13.1 for use with its A.C. Farm Welder.

Table 13.1-—Plate Thicknesses and Electrode Diameters

Electrode Diameter {Inches})

Plate Thickness Horlzontal Vertical Overhead
20 gauge Y1632 3an 332
18 gauge 33 3faa—tfg a1y
Y5 inch , Hag—"f4 Yy Yu
Yy inch ! Yy s Hy
315 inch Y530 332 Yy
Y; inch Hy=31a2 332 s

/16 inch and up 32315 s 3faz
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Identification of electrodes is by a number code and a color code established by
the American Welding Society (A.W.S.) and the American Society for Testing
Materials (A.S.T.M.}. A colored mark on an end and a side of each electrode is
used. For example, the color code for the mild steel electrode frequently used in
agricultural welding is brown, and the number code is E6013. To avoid confusion
some manufacturers are now stamping the number code near the grip end of the
electrode. See the electrode manufacturer’s lirerature for the code designations
and the use of the electrodes available.

Polarity is involved in classifying electrodes for direct currenat or D.C. welders,
and it refers to the direction the current flows. With alternating current or A.C.
welders polarity is not involved.

The direction of current or polarity may be changed on a D.C. welder. If the
electrode is connected to the negative rerminal of a welder and the ground to the
positive terminal, it is called direct current straight polarity (DCSP), and an elec-
trode with a flux for straight polarity works best. If the connections are reversed, it
is called direct current reversed polarity (DCRP). The crater during welding has
less depth with reversed polarity. An electrode for reversed polarity, therefore,
usually is best for welding light materials and for welding materials which should
not be overheated, such as cast iron.

When selecting electrodes, keep the following in mind:

. The kind of metal to be welded.

. The kind of weld and the type of joint.

The type of welding machine.

The position of the welding: flat, horizontal, verzical, overhead.
The thickness of the metal.

The required strength of the weld.

. The speed of welding.

e N

Many parts on machinery and labor-saving devices used in agricultural ac-
tivities are under considerable strain and in continual use over a long period of
time. Consequently, only the best electrodes for the job to be done should be
used. ‘

Maintaining Arc Welding Equipment—The length of service of welding
equipment is dependent on the care given to it. Care is also closely associated with
the performance of a welder. The following suggestions are given for the care of
arc welding equipment:

1. Keep the machine in a dry, well ventilaced place.

2. Keep the machine at least 3 inches above the floor to permit proper
ventifation under it.

3. Keep the machine away from the welding sparks and the spattering of hot
bits of meral.

4. Keep the machine as free from dust as possible by wiping it off occasion-

afly.

Blow dust from transformer coils frequently.

. Have the machine serviced occasionally, checking all working parts.

Check the electrode holder frequently to see whether or not it is worn or

in need of repair.

RN
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8. Check cables and cable plugs occasionally.
9. Keep all supplies in a well protected cupboard or cabinet.

Welding Operations

Preparing Parts to Be Welded—It is very important to prepare metals prop-
erly before they are welded. This resules in stronger welds, a neater appearance,
and less consumption of electrodes. Preparation of metals involves the cleaning,
forming, and cutting of parts.

The following suggestions for the preparation of metals to be welded are of-
fered:

L. Clean the mezal of all dire, oil, grease, rust, scale, warer, and other foreign

mater betore welding, Rust and scale may be removed with a chisel or

wire brush,

Fit joints together before starting to weld.

Bevel all materials over /s inch thick.

4. Make a V-groove on both the top and bottom of thick pieces of metal,

5. Separate the parts to be welded abour Y14 inch to permit a satisfactory
penetration of the weld,

6. Place the work in a position which will be the most comfortable for che
welder.

(Courtesy Hobart Brothers Company)

Fig. 13.6. A wire brush is an essentfal too} for removing the slag from a weid.

Adjusting the Current—A wide range of current is necessary for the various
sizes and types of electrodes and for the different kinds of metals and welds used.
Consequently, arc welding machines are constructed so that the current may be
adjusred. The manufacturer’s instrucrions for using the welder suggest the correct
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current settings to use. These instructions should be followed. It is important to
use the proper welding curreat in order to obtain a satisfactory weld.

In using a D.C. welder, set it to the polarity suggested by the manufacturer of
the electrode being used. The machine is set on strazght polarity when the elec-
trode is connected to the negative terminal and on rezerse polarity when the elec-
trode is connected to the positive terminal. An A.C. transformer type of arc weld-
er does not have polarity.

Striking an Arc—The following procedure for learning how to strike an arc
is suggested:

. Select a piece of mild steel plate.

. Clean the piece thoroughly and prepare for welding.

. Make good ground connections.

- Select a suitable electrode, knock off the flux from the tip, and place it

in the elecrrode holder.

Wear proper clothing, including leather gloves.

Inspect your helmer and place it on your head.

. Turn on the machine and adjust the current.

. Ger in a comforrable position for welding, preferably seared directly in
front of the practice plate.

9. Put vourself at ease.

10. Lower the helmet aud serike the arc.

P

® 4O

There are two methods used in striking an arc. They are known as the scratch-
ing method and the tapping method. 1n the scratcching method the electrode is moved
at an angle across the plate, similar ro striking a match. The electrode is struck on
the metal and pulled forward with a sweeping motion to the starting point of the
weld. After the electrode touches the metal, it is raised slightly as it is drawn across
the plate. In the tapping method the electrode is kept perpendicular o the work.
It is lowered slowly and tapped lightly on the work. It is then moved up until there
is a Lg-inch gap berween it and the work.

One of the difficulties often experienced in striking an arc is thar the electrode
may stick to the work. This is known as freezing. When this happens, the electrode
should be freed immediately by bending or twisting it back and forch and by pull-
ing at the same time. If the electrode cannot be freed in this way, disengage the
holder at once or stop the machine. Beginners should continue to practice striking
arcs until they can do it successfully.

START START
FINISH
CONTACT

FINISH

i WITH
/ _~PLATE

/W

(Courtesy Hobart Brothers Company}

Fig. 13.7. Twe methods of siriking an arc. The tapping method is illustrated on the
left, and the scratehing methad is illustrated on the right.
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Correct Rate of Travel of FElectrode—It is necessary to use the correct
speed or rate of travel of the electrode in order to (1) secure a smooth, uniform
bead of the proper width, (2) prevent the waste of materials, and (3) obtain a
strong, neat-appearing weld. If the travel of the electrode is too fast, not enough
metal will be used, the bead will be small, and a wezk weld will result. If the travel
of the electrode is too slow, there will be too much time consumed, and there will
be an excessive use of welding metal, resulting in a wide bead and excessive cost.
(See Fig. 13.9.)

Maintaining the Proper Length of Arc—The arc length is the distance be-
tween the surface of the molten metal and the electrode. The length of arc to use
varies with the welding hear, the size and type of electrode, and the material being
welded. In general, the length of the arc should be approximately equal to the
diameter of the electrode used. Since the recommended length of arc may vary
berween brands of electrodes, it is desirable to read the manufacturer’s recom-
mendations which are supplied with the electrodes. The arc should be slightly
longer when you are welding with an A.C. machine than when you are using a
direct current welder.

END VIEW SIDE VIEW

{Courtesy The Lincotn Electric Co.)

Fig. 13.8. The angle of an electrode for downhand welding.

Too short an arc has a tendency to produce a narrow, high bead. and it may cause
the weld to be porons. Too bigh an arc vesults in a flat, wide bead, often irvegular in
shape, and an excessive spatteving of molten metal. (See Fig. 13.9.)

In order for the correct arc length to be maintained, the tip of the electrode
must be held at the proper distance from the work surface, and as the end of the
electrode melts, it must be gradually and continuously lowered. Skill in maintain-
ing the correct length of arc can only be developed by practice. The coperator
should continually keep the eyes focused on the work while welding and observe
the appearance of the arc and the weld being produced. The sound of the welding
machine is also an indication of the kind of arc being produced. That is, if the
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iCourtesy The Lincein Eectric Co )

Fig. 13.9. Top and elevation views of welds made wilh 3 shielded-arc eiectrode under
the following conditions: (A). cutrent, voilage, and speed narmal, (8) current too Jow, (C)
g&;ﬁt tao high, (Q) voliage tou low, (E) valiage too high, (F) speed oo low, (G) spesd too

correct lengeh of arc is used on an A.C. machine, there will be a steady bamming
sound. A friing sound is produced by a D.C. welder when a Jdesirable arc is being
used,

Running a Bead—The running of clean. Jense beads of uniform size is ex-
tremely wapormant in welding They are necessary for a strong and neat-appearing
weld. Fhe following procedure for running a bead is supgested:

Place & seeed plate on the welding rable and clean it widh a wire brush,
Seteet g suifably elecrrode and plice i the boldes.

Wiear prapee chothag. welading leather gloves.

brspecr aned put on the belmet

T on the machine and sdjust che current.

- Sedr yoursel! 10 a4 comfortable position a the mble, and boe ar vase.
Lower the helmer over vour face,

e e

S
=

i

o~ OVERLAD ~, UNDERCUT,  NO QUERLAP
j NO UNDERCUT

[d
VEiSE”
SECTION

GR IRREGULAR coQo
PENETRATION CROSS SECTION PENETRATION

iCoueteny Hehar Brotners Company;
Fig. 13.18. Cross sections of beads.
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%. Serike the are. {n holding the elecerode holdee, it is best not to grip i
tows tighely, as this with tive che band and wrise, making proper movement
of the electrode didficuls.

9. Hobkd the elecerade i 2 acarly versicyd position, leaning ehe wp ara 13-
ter 3-degree angle toward the direction of welding.

Lo Hobd the electrode at che proper distance from the surface of the work
to foese the correct afe.

Eh Mose the clecorude stowly and seeadily in a steaight line along the sur-
tace of the metad, from lefe to vight aceoss che metal for a righehanded
perion. A lett-handed person should move the electrode fkom right o
left weuss the meeal. Be caretul nor to let the efecerode touch che weld-
bt surtace. Also, do oot affow the are 1o go out while running a bead.
Huwever, “feed” the electrode tnto the metal contineousiy to compen-
sate for the melting of che elecrrode.

12 Break the are at the end of the bead by holding the clectrode in one
phice vord the crater 1n the metal is filled. ‘Then §ift it from the work.
i Remene the sisg from the bead with 3 chipping hammer atter the bead
Fuss cooled.

Beginners should praceice running straight beads until they are proficient in
moving the elecerade at the correct speed and in maintaining the proper length of

euntesy The Lingain Eeine €}

Fig. 13.11. Alter baginners have bacame proficient in welding beads as shown in the
ittutteation on the left, they should practice weiding lo the end of the piste, fo the side,
and back 1o the other snd, as shown in the ilfustration on the right.

Weaviag the Electrode—"When steel is melted, some gas and slag are usu-
ally present. In order to allow the gas to escape and 1o floar the slag to the surface
for & sound weld, it is necessary that the metal be kept molten for a shore period of
time. fn order to accomplish this . . . a slight oscillation or movement of the elec-
erode parallel eo the line of eravel is necessary. This oscillation also helps to secure
penctration at the edge of the weld.”! Weaving is necessary when a large molren
weld crater is being used and when a wide area is being covered with weld meral.

Fhessons 1 Arc Welding.” The Lincoln Electre Cor, Cleveland, g 23,
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After beginners have learned to strike an arc and to run 1 straight tlat bead,
they are ready po stare uwsing & weaving or oscillating motion of the elecerode in
webding, There are a number of ditterert weaving patterns which may be used, as
hustrared in Fig 1312, The "A” weave in Fig. 1312 s used feequently. 1t is
considered one of the casiest oscilfating motions to learn: consequently, its use is
recommended for o beginace, It s more of a shore, lengthwise, back-and-forth
mtbon tha it is & sidewise motion,

For muakng o webe bead, 15 necessaey
e weane the vlectrode shighely from side
o side, ot the samg b proceshng tor-
ward dong the hse where the bead s w
e roudc Such 4 wokve i shown s Bl

Fur gooompinheng vitious PuEposes.
vingiss of the B weave afe widely
wigd. Somme sendente wilk iad 8 mach
G e WS L 3 TUSECE HIOBONR Suvh
de shoswn wm €, Fhe purposes ae-
wompliohed by both thew motions are
sabmeansiaily the samie, and ther use i
bifgede 4 mhatter of protefeie. A figure-
cight Mot ik g showns o s pre-
tegeeat By womie Wehlers,

W bk the student Bas oot Yot ats
Pt B BRERE 43y i of WA OF -
tuudl Wedlh, CWFEMB WOAMIHE HOLIGS 3FC
dunpdle so woomplnl cortgn fesules.
O senly wease s shownn B The purs
pusg of swelh 4 weave it afluw & shighe
barspeatisn gt wiels sue ol the weave, The
pusouse of s s o ablow & slight build-
i e wr working of the meed oo the
ity o Bhe (inE

Poshaps ehe o vosmanly wsed
weasy o the ot €

Many welders bave thete own ideas of
thie Barse typy of Wuave Pof VaFhous pur
pres. Fwer suehe wogves are shows g F
sk €5

WO

iCoyrtesy TRE Lingatn Bvectn€ €6.)

Fig. 13.12. Ditierent ways of weaving or oscilating electrades.

Paddiag—Padding is used in building up worn surfaces. Scveral layers of
beasds are rum in seraighe lines uotil the surface is sufficiendy built up.
The following pracrices in padding are suggested:

. Place & steel plate on the welding table and dean i for welding,

. Fullow ehe proccdure previoosly suggested for gorting ready 1o weld.

Serike e dre ar une corner of the steel place and fay 2 seeghr bead near

the wobgr of the plate, wsing 2 Seaving MOton,

¥, Clean the bead with & wire brosh or dhipping hammer. (Sew Fig, 15,60
A ernre faver muy be cleaned 3t one ame.

5. Lay & seoond beast paradlel g the fiese bewd, fusing i1t the firss bead and
o the phare. Also make sure that the second bBead 0 of dhe same heighr as
thier firse buash,

&, Clicar the second bead with 3 wire brush, and continue o lay beads until

ther desired number have been deposited.

e Bnd e
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7. Clean thoroughly the layer of beads of all slag, oxide, or scale with a
chisel, wire brush, or chipping hammer. (See Fig. 13.6.)

8. Weld a second layer of beads across the Girst layer.

9. Continue layering beads until the desired thickness is secured,

Table 13.2—Tabulation of Resultant Weld Characteristics

s Used, Except As Indicated

Qbtained Whan Welding Is Done on Mild Rolled Stesl with Heavily Coated
Shielded-Arc Electrodes and When Proper Welding Procedure

Resulting Weld Characteristics
Oparating Fanetraiion— 8um Off of Appearance
Variabies Arc Sound Fusion Electrode of Bead
Normal amps, Sputtering hiss Fairly deep and Normal Excelient
aormal voles, plus ircegular well defined. appearance; fusion—no
normat speed. energetic coating burns overlap.

Al

crackling sounds,

evenly.

Low amps,
normal voles,
normal speed.

Very irregular,
sputcering, few
crackling sounds.

Not very deep or
defined.

Not greacly
different from
above.

Cn top of plate.
There is not the
overlap as on

B. bare rod.
High amps, Rather regular Deep-long Coating is Broad, racher
nurmat volts, explosive crater. consumed ar thin bead—good
normal speed. sounds. irregular high fusion.
C. rate—watch

carefully.
Low volts, Hiss plus steady | Small. Coating too close | Sits upon plate

normai amps,
normal speed.

sputter,

to crater; touches
molten mecaf and

but not as
pronounced as

D. results in for low amnps.
porosity.

High voles, Very soft sound Wide and rather | Drops at end of | Somewhat

normal amps, plus hiss and few | deep. electrode flutter | broader, wide,

aormal speed, crackles. and chen fall splattered.

E. into crarer,

Low speed, Normal. Crater normal. Normal. Wide bead;

normal amps, overlap large;

normal volts. base metal and

E. bead heated to
considerable
area.

High speed, Normal. Small, rather Normai. Small

normal amps, well defined bead-—undercu.

normal voles. crater, The reduction in

G bead size and

’ amount of

*Letrers in che first column correspond 1o those which appear in Fig. 13.9.

undercutting
depend on ratio
of high speed
and amps.
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e it MRt LU U
——————————. frrr——————.
FiRST LAYVER THIRD LAYER
SECONG LAYER FOURTH LAYER
{Caurtesy Hobart Brothars Company}
Fig. 13.13. Arows show the direction of the arc movement and the iayers of heads in

the paddiag.

Welding Positions—-There are four general positions used in welding: (1) flar
dewnband welding, (2) horizontal welding, (3) vertical welding, and (4) orerbead weld-
ing. See Fig. 13.14 for illustrations of these varicus positions. Flat welding is the
easiest. When welding in any of the other positions, some of the molten metal may
drop to the floor because of the pull of gravity. The overhead weld is the most
difficult. Ability to weld in all positions is important, because some machinery
parts may have to be welded in place on machines due to the inadvisability of
removing them.

Commoan Kinds of Joints—The kind of joint to use on a particular job de-
pends on the nature of the work. There are five kinds of joints frequently used,
namely (1) butt, (2) tee. (3) lap. (4) edge, and (5) corner. (See Fig. 13.15 and Chapter
14 for illustrations of chese different joints.) It is important that these joints be
properly prepared, including the fitting together of pieces, before starting to weld.

Common Kinds of Welds—Welds are often identified by the type of joint
used, such as butt welds, corner welds, and lap welds. They also may be classified
as {1} groote welds and (2) fillet welds. A groove weld consists of one or more beads
deposited in a groove, such as in an open butt joint or in an outside corner joint. A
fillet weld consists of one or more beads deposited in the angle between two sur-
faces, such as the angles provided by a corner lap or tee joint. See Fig. 13.15 for
ilustrations of these types of welds.

Single-Pass and Multiple-Pass Welds—In welding thin plate, one bead may
be sufficient, but in welding heavier plate a number of beads are welded over one
another. When only one bead is used in welding, it is called a single-pass weld, but
when more than one bead is used, it is called a multiple-pass weld.

Making a Butt Weld—After persons have learned how o run beads on a flat
surface, they should make butt welds. The following procedure is suggested for
making such a weld:

l. Prepare two pieces of steel plate approximately *1« inch thick.

2. Place on the table the prepared pieces so that they will be parallel to cach
other, leaving a2 space berween them slightly larger than the diameter of
the elecrrode. This is to provide for the contraction and expansion of the
meral,

3. Tack weld the pieces together ar each end,




220 MECHANICS IN AGRICULTURE

4. Weld the plates together, using a slight weave and a single pass of the
elecerode. Muke sure thar the metal penetrates the full depth of the
PeCes.

5. Clean the bead with a chipping hammer or a wire brush,

6. Apply u second bead, using a weaving motion, on top of the fiest, making
this bead shightly wider than che frest bead.

z:: CF WELD

FLAT POSITION

FLAT POSITION

AX(3 CF WELS —m—
- —:‘-___:_-.--ﬂ:

Y

. ,))mn)”"“‘
v m)mm)l_”_l"m, ) ’:’

T AXIS OF WELD

T

Diyet-F,
Lt i
11, tr(; ‘!m{mr 1
ey, \
Wiy ¥ (M'

<
) ,;_’a)’)_)));‘ggf;;)\»\ﬁ»))‘!))» \ X
- 55»‘9)) 'J .~ ﬁ e
i H / - \ -
L‘- i o N T

HORIZONTAL POSITION HORIZONTAL PCSITION

axis or weLo—f AXIS OF Inn-/!
== sy s
i

W= L.

VERTICAL POSITION

e

"—1\-.
. Axis or \,_\
/'; hd .’./ | )))))))) \-._aj
— o2l M) S
f - AXS OF WELD ST

OVERHEAD POSITION

Positicns of Welding
for Groove Welds

OVERHEAD POSITION

Positlons of Welding
for Fillat Welds

{Courtesy Hobart Brothers Company)

Fig. 13.14. Welding posilions.
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(© U

11+ )

G

(Gourtasy Hobart Brothers Company}

Fig. 13.15. Groove and fillet welds. A groove weld Is lilusirated in the open bult joint
C. The Vee Ui joint groove weid [s liustrated in D, and the outside corner jotat groove weld
is lilostrated in E. Fillet welds are itlestrated In F, G, and H—F being 2 lap joint, G an
inside corner joint, and H a tee ioint,

(Courtesy Hobart Brothars Company)
Fig. 13.10. A multigte-pass fitiet weld in a ffat lap jeint.

Making Fillet Welds—The filler weld is one of the most common types of
welds. The beginner should start making filler welds by welding a flat lap joint. See
Fig. 13.16 for an illustration of the flat lap joint. The following procedure for fillet
welding practice is suggested:

l. Prepare rwo pieces of mild steel plate about 34 inch thick.

2. Place the pieces on the able, and lap one piece over the other piece.

3. Tack weld in four places, two tack welds on each end at the points where

the pieces lap. See ¥ig. 13,17 for the locations of the rack welds.

4. Lay a straight bead in the groove of the joint, making sure to get geod
penetration of the metal. A relatively high amperage setting and a short
arc give a well shaped bead.

- Clean the first bead with a wire brush.

- Lay a second bead along the side of the first bead, fusing half of it on wop
of the first bead.

N A
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POSITION OF B8
~=fI*~, ELECTRODPE

TACK
A wWELD

(Courtesy Hobart Brothers Company)

Fig. 13.17. A square butt weid in a fiat position.

GROOVE WELD MADE AFTER
; WELDING OTHER SIDE

(Courtesy Hobart Brothers Company)

Fig. 13.18. Baciing welds.

" {Courtesy The Lincotn Erectri Cd)
Flg. 13.18. The correct angle to hold an electrode far conventional {illet walding. The

correct angle for an electrode will vary depending on the type of electrade used. Conrsult
the electrode manufaclurer's recommendations.

SINGLEPASS MULTIPLEPASS

{Courtesy The Lincoin Eteciric Co.)

Fig. 13.20. Single-pass and mullipie-pass welds.




ELECTRIC ARC. MiG. TIG, AND SPOT WELDERS 223

. Clean with @ wire brush,

8 Ry 3 deed bead, fusing it nto the owo previous beads.

& Cesttnur running beads untit the two picces are propetly welded to-
gether. The number of beads will depend on the thickness of the pivces
being webded,

Making Corner Welds—Pracrice welding outside corner joints as a means of
fearning how to make a groove or vee weld. See Fig, 13.21 for illustrations of
outside corner joints. The following procedure for the practice welding of outside
corner fotnes is suggested:

b Foouare twao preces of Yisinch plate.
2. Place the two pieces i position dluserated in Fig. 1321
. Tack the two pieces at the eads, leaving a li-inch space berween the
edges at the bottom ot che vee.
+ Weld wich a2 light weaving motion, as indicated in Fig, 13,21,

ARROW SHOWS &
MOTION 0

I PﬁSlTSOH QF ELECTRODE

4
P

1Courtasy Hobar Brothers Company)
Fig. 13.21. An tuiside corner weld In 2 flat pasition.

Controlling Distorcion— Meral expands when it is heated and contraces
when it cools. Heating metal does not change its shape if the picce is equally free
to expand and contract in all directions. In welding, metal is usually not equally
tree o expand and contract in all directions. For example, the cold metal surround-
ing a heated spot preveats equal expansion and contraction,

Several procedures are helpful in avoiding undesirable distortion. A few of
these procedures follow:

Lo Tack welding serves o clamp parts bcim:; welded so thar undesirable
warping cannot Jevelop,

2. A welder can often position parts to be welded so chat correct alignment
results when the metal contracts after being welded.,

3. A welbder can control distortion by bending parts before they are

welded, so that the contraction resulting from welding will draw the

parts into cheir proper position,

The proper beveling of parts to be welded decreases the amount of

welding rod necessary to fuse two picces and thus decreases the amount

of distortion,

5. Hammering tpeeningt a weld reduces the distortion produced.

6. A welding operator who is careful not 1o use an excess amount of weld-
ing rod for a joint is troubled less by distortion than a welding operator
who tends to overweld.

7. Less distortion results when fewer passes are made. The awnber of
passes necessary can be reduced by using a larger elecerode.

-
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VIEWFROM ABOVE
X ¥
LY H
96‘\ N ‘§0°
SHows
POSITION “ROCKING”
OF ELECTRODE MOTION
{Courtesy Hobart Brothers Company)

Fig. 12.22. Vertical welding.

8. A welding operator can reduce the amount of distortion by using a high
amperage and a higher speed of rravel in making fillet welds.

9. The use of short beads deposited from right to left will produce less
distortion than & conrinuous bead deposited from left to righe.

10, Clamps and vises can often be used to hold parts being welded so that
uadesicable warping cannot take place.

bE. Lessdistortion will result in sheet metal if the welding is done from the
top towird che bottom of the sheet, when the sheet is placed in a verti-
cal position,

Cutting Operations

An are welding electrode may be used for cutting meral. An electrode is espe-
cially useful for cuteing cast iron, for cutting in inaccessible places, and for cutting
small jobs. The use of an arc is usually considered to be the best method of cutting
cast iron, because cast iron does not oxidize with heat. To be cut, cast iron must be
melted. An electric arc meles metal as a2 means of cutting it.

The melting temperature of steel is approximately 2,600 degrees. The heat of
an eleceric are is 6,500 degrees. Therefore, cutting metal with an elecrrode is fase,
but the cut is noe smooth. If a smooth cut is necessary, the edges may be ground
after the cut is made.

Mild steel-coated clecerodes are used for cutting. For metal up to */u inch
thick, sclect a Yu-inch electrode and use a 75 to 100 amperage range. For meral
from Y/» inch to 4 inch thick, select a s-inch electrode and use a 125 to 140
amperage range. For metals over Y/s inch thick, select a 3/sz-inch electrode and use
a 140 to 180 amperage range. A general rule for cutting is to use 30 per cent more
amperage than would be used for welding.

Procedure—In cutting flat metal which is thicker than the electrode, place the
metal to be cut in a flat or horizontal position. Strike the arc where the cut is to be
made, and allow the heat of the arc to form a crater of molten mecal. Then move
the electrode back and forth to force the molten meral from the cut or kerf, A
pushing downward motion coupled with a2 quick upward motion helps to force the
molten metal from the cut. Since arc cutting is done by melting the metal, the
motion of the electrode and the position of the work should assist the molten
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metal to tall vur of the cut. Seare cuts ar the lower edge of the piece being cut so
thae gravity will help remove the molten meeal. If it is not possible to start at the
edge of the picee of metal to be cut, bura a hole and start cutting ar the edge of the
hole, (The rechniques of cutting holes in metal will be described in later para-
graphs. fn order to have room to manipulate the arc, the kerf muse be kept larger
than the electeade. This is done by weaving the electrode from side to side.

Frr cutbong vonmd stock. start at an outer edge of the stock so thae the molwen
metil cen escape. The sume procedures are followed in cutting round stock as are
tolfowed in cutting tlat stock. When a cut reaches the center of round stock, a new
cut is made from the opposite side.

Fue coertn boles. burn a hole by pushing the electrode through the metal. Use a
shore arc and push the tip of the electrode into the crater of molten metal. If a
larger hole s necded than the hole burned by the electrode, move the electrode
around the edge of the hole in a widening circle until a hole of the desired size is
obtaned.

Carhoa Arc—A carbon ar¢ may be used for cutting, I is often used for
scrapping metal, for cuteing rivers, and for cutting serap iron. The techaiques used
with an electrode eo remove the molten metal from a cur also apply when using a
cirbos are.

Safety—Curring is Jangerous because of the large amount of molen metal
thae talls from ehe cars, Clothing chat will not catch che molten metal thar falls
should be worn, A welding table with a cucting drawer is often used as a safety
precausion. The drawer 1s so constructed thae it may be pulied out o carch the
molten meeal that falls from cuts. The bottom of the drawer is covered with sand,

Cutting should not be done near o concrete floor, because the heat produced
by the cutting operation may cause the concrete to “blow up.” The particles of
concrete may injure the operator of the welder and, of course, the “blow-up” ruins
the concrete floer,

Characteristics of Various Metals

Characteristics of Metals—Frg fron is cured iron, a direct product from blast
fureaces. Cast fron i a product of pig iron and contains a considerable amount of
carbon, from 2.2 to about 4.3 per cent, and some impurities. It is very brittle and
granular i srructure and cannor be welded in a forge fire. Cast iron is often used
in the manufacture of farm machinery, although there is a trend toward the use of
steed and other tough materials instead of cast iron,

Wronght fvon s also a product of pig iron but has had most of the carbon
removed. Wrought iron is a two-component metal consisting of a high-purity iron
amd iron silicate. The lateer is termed “slag” and is composed of several materials
that decrease corrosion. The carbon content of high-quality wrought iron is usually
around 0.02 or 0.03 per cent, while good wrought iron may contain 0.08 or 0.10
per cear carbon. The higher the carbon content, the lower the quality of the
wrought iron, In wrought iron, the manganese content is usually below 0.06 per
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cent. Phosphorus may be partly alloyed with the base metal and partly associated
with the slag, the content ranging from .10 co 0.15 per cent. The usual silicon
content is between (.10 and 0.20 per cent. Ferrous silicate fibers confer a high
degree of machinability, especially for threading operations. Sulfur is not desirable
in wrought iron.

Wrought iron is used frequently in agricultural shops for machinery and
equipment repair and construction. It is easily bent when cold or hot, can be
threaded and drilled, and is easy to weld. It has good tensile strength, will with-
stand shock, and is not brittle. Wire, nails, bolts, nuts, chains, pipes, rods and bars,
strap iron, and other products are made of wrought iron. .

Mid steel is often called soft steel. It is a product of pig iron and contains
about 0.1¢ to 0.50 per ceat carbon. This type of steel is often used in agricultural
mechanics because it is strong and is cheaper than wrought iron. It is a good metal
to use in making braces and trusses for machinery used in agriculture. Bolts are
frequently made of mild steel.

Machinery steel is stronger and harder than mild steel and is used for plow
beams, heavy braces, and other pares of farm machinery. Machinery steel is rolled
into angle irons, channels, I-beams, and other shapes. It contains about 0.50 to
0.60 per cent carbon.

Tool steel is made with various carbon conteats. A common carbon content is
around 1.0 per cent. It can be tempered to various degrees of hardness and is used
tor making chisels, punches, drills, wrenches, and other tools.

Sheet metal is made of steel which is often galvanized. The approximate thick-
ness of sheet steel used on farms and in nonfarm agricultural businesses varies
from Y inch to /s inch.

Identifying Metals by Spark Testing—"Spark tests should be made on a
high speed grinder, and the specimen should be held so that the sparks will be
given off horizonrally. For most accurate results, the sparks should be examined
against a dark background, preferably in a dark corner of the shop.

“The color, shape, average length, and activity of the sparks are details which
are characeeristics of the material tested. Spark testing can be a very accurate
method of identifying metals, but it requires considerable practice and experience
to become an expert.” Several common sparks are given in Fig. 13.23. If operators
learn the technique for identifying these metals readily, they will soon be able to
expand their experience to include other metals by observation and comparison
with the sparks from known samples.?

Welding Various Metals

Welding Sheew-Metal—The welding of sheet metal is difficult because it is
easy to burn or warpthe metal. A special electrode for welding sheet metal should
be used. Do not use an electrode larger in diameter than the thickness of the sheet
metal to be welded. Use a low amperage. If the type of welder available does not

*Informarion on spar. testing courtesy Linde Air Products Co. (adapred).
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Fig. 12.23. Tha characteristics of sparks of matals placed on a high-speed grinder.

"in general the- same as for cast steel,
**Spark shown is for stainless steel.
***Monel metal spark is very similar to nickel.

permit the use of low enough amperage, it may be possible to braze the sheet
meral using a carbon arc torch. This process is described in a larer section of this
chapter.

Move the electrode as rapidly as possible, but not so rapilly that the weld
does not pencrrate. Rapid welding prevents the sheee metal from burning chrough,
and it prevents excessive heating which may cause warping.

Use vise-grip pliers to clamp joints close together while they are being
welded. A good fit of joines makes it possible to use a shorter arc. Tack weld to
prevent ¢xcessive warping.

Welding Mild Steel—The techniques of welding mild steel have been de-
scribed in a previous section of chis chapter.

Welding Cast Iron—Cast iron is difficult to weld. It may be identified by the
spark rest, by its rough and pitted exterior appearance, and by its intricate interior
design.

When cast iron is welded, it must not be allowed 1o cool rapidly, or it will
crack. This tendency to crack is caused by the high carbon content of cast iron.
The use of shorr beads, not over 2 inches long, will help prevent cracking, because
the cas: iron never becomes heated to a very high temperature. The short beads
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Fig. 13.24. A homemade seat for welding.

should be allowed o cool 1o the touch of the hand before the welding 1s con-
tinued. Welding cast won is a slow process.

Prebeating of cast jron will reduce its cendency to orack, In prebeating, the
whole section o case being welded should be uniformly heated o a dull red color
and kepe ar this semperature during the eotire welding process. Cooling of a pre-
beated secrion of case should proceed slowly, and drdes should beoavoided,

When a cast is webded, the crack should be “veed,” but the vee should not
sepafate the cast into two pleces. Casts are often difficalt o fie together when they
are Broken or separated into picces by the grinding of vees,

Lise a shorr are. The amperage serring should also be low, bur high enough wo
fuse the metal. If too low, the are will jump from one side of the vee 1o the uther.
it coo high, the moleen metal will bubble, Bubbles may also be caused by the gas,
grease, and sand in the iron. If bubbles occur, kowever, an operator should check
w see wherher or nor the amperage setting is correct. Failure to use a shoro are and
ailow amperage will cause excessive heating which may cause cracking.

Cleaning of the picces (o be welded is very important in the welding of cast
irom, It s porous and absorbs dire casily. Cast iron may be cleaned by grinding or
by preheating unl it smokes,

If the weld is to be ground or filed, a2 machinable clectrode is used. A aon-
machinable electrode 1s also available, Tes deposit is very hard, but it is cheaper
than the machinable elecrrode. In recent vears many new rods have been made
available thar make welding case iron and high-carbon steel casier.
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Welding High-Carbon Steel—High-carbon steel used in agriculrural
machinery for braces, beams, and other purposes is difficule to weld because it
checks or cracks easily.

The process of welding high-carbon steel is the same as the process used for
mild steel, bue che joine o be welded should be preheated o a blue color. Welds
on high-carbon steel should be allowed to cool slow'y and should be protected
from drafts. Quick cooling produces a brittle weld. The preheating process de-
creases the rate of cooling A mild steel electrode may be used if the steel is
preheated.

Carbon Arc Torch

A carbon arc torch is used to provide heat for brazing, hard facing, and solder-
ing. It is also wused for heating metal to be bent or shaped. (Tig, mig, and
oxyacetylene welders are also used for these purposes and are preferred, by some
agriculearal workers, over the carbon arc torch.) A carbon arc torch consists of two
carbon rods. The flow of current between these carbon rods produces a flame with
@ heat intensity of 9,000 degrees.

Size of Carbon Rods—The size of carbon rods to use depends on the amount
of hear required and the thickness and type of metal. For light metals up to0 Y40
inch thick, use Yi-inch carbons with an amperage range of 20 to 50. For metals
trom '/ o Yza inch thick, use *is-inch carbons with an amperage range of 30 to
70. For metals from Y20 to /s inch thick, use ¥s-inch carbons with an amperage
range of 40 to 90. For metals over Y/ inch thick, use '/a-inch carbons with an
amperage range of 75 to 140. These recommendations are for an A.C. welder. If 2
D.C. welder is used, the carbon attached to the positive terminal should be one

- ibourtesy The Lincoin Eectiie Co.)
Fig. 13.25. A carben arc torch heats by arcing the curent between ifs two carbons.
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size larger than the carbon attached to the negative terminal. If che carbon attached
to the negative terminal is ¥s inch in diameter, the other carhon should be Y2 inch
in diameter. The reason for the difference in size of carbon is thar a D.C. welder
produces two-thirds of its hear on the positive cide.

Attaching and Adjusting a Torch—The tvo cables on a carbon ar¢ torch
are attached directly to the welder. Either of the two cables may be attached to the
electrode post.

The carbon tips of the torch are adjusted to form a vee. When the torch is
closed, the carbons should be about V¢ inch apart. The carbons should extend
approximately 2 inches below their holders.

Adjusting the Welder—Adjust the amperage of the welder so that sufficient
hear will be produced when the flame is Y/; inch from the mezal. If the amperage is
too low, the heating of the meral will be slow and the arc may be broken easily. If
the amperage setting is too high, the coating of the carbons will be burned off. The
amperage should not produce a cherry red color more than 1Y: inches from the
tips of the carbons.

Safety Precautions—The ultraviolet rays of a carbon arc torch are more in-
tense and cause burns more easily than the rays of a metallic arc. All parts of the
body need to be protected adequacely from the ultraviolet rays, and che hands
need protection from the heat the torch produces.

Starting the Arc—Start the carbon arc by adjusting the carbons toward each
other. After the flame is established, move the carbons until they are approxi-
mately ¥ ¢ inch apart,

Brazing is the joining of pieces of sheet metal with the meral from a bronze
filler rod, which has a lower melting point than the pieces of meral being joined.
The process is often used in repairing the sheet metal parts of agricultural machin-
ery.

Brazing with a Carbon Arc Torch—A carbon arc torch raay be used to
supply the heat for brazing,

Prepare the metal for brazing by cleaning it thoroughly. Dirty, greasy, painted,
or rusted surfaces prevent the flowing of the binding metal into the pores of the
pieces to be joined. Sandpaper, a wire brush. or s arinder may be used to clean the
metat. _

Heat the pieces of metal to be joined until the bronze rod will melt when rubbed
across the meral. The bronze will run to the edges of the heated area if the metal is
too hot, and balls of bronze will form if the metal is 100 cool. Prehearting opens the
pores of merals and allows the impurities to escape.

Place the flux-coated bronze rod against the heated metal. The metal and flux
will melt together and cover the heated portion of the base meral with a bronze
coating. This process is called tinning. Additional filler rod is applied by heating
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iCoustesy The Lincoln Electric Co.)

Fig. 13.26. Brazing sheet metal with an arc torch and a brazing rod. The arrow polnts
to the brazing rod.

the area unril the bronze deposited before begins to melt. If not enough hear is
apphied, the bronze being added will not form a bond with the bronze added be-
tore, buc will form into balls, If the area is overheated, the color will be orange and
the bronze applied before will burn and become pitted.

Brazing with a Single Carbon Rod—Brazing may also e done by using a
single carbon rod for heating instead of using a carbon arc torch. A flux-coated
bronze rod is used as the filler rod when a single carbon rod is used for heating,
The carbon rod used for this eype of brazing is “/5z inch in diameter, This process
of brazing has r any advantages:

I Fe is easy o do.
2. le produces a good weld.

3. It is not necessary to heat a large area.
4, It is possible to braze in the horizontal, vertical, and overhead positions,

The procedure to follow in brazing with a single carbon rod and a flux-coated
bronze rod is not difficult. Many of the principles of welding discussed previously
apply, such as cleaning the surface of the base metal and tack welding the pieces of
metal.

A short arc 'y inch in length is used. Move the arc along the joint or crack
being brazed, and feed the flux-coated bronze rod into the arc. Since the flux on
the rod causes a stronger bond and stabilizes the arc, it helps to rotate the rod as it
is fed into the arc. The arc should be on the filler rod at all times during the




232 MECHANICS IN AGRICULTURE

brazing process instead of on the base metal. Use only enough amperage to melk
the filler rod.

Hard Facing

Hard facing is the process of applying an extremely hard mecal to the surface
of the parts of tools and machinery that wear away rapidly, or to the cutting edges
of wels and machinery. Hard facing requires considerable skill.

Electrodes of several types are available for hard facing. A powder may also be
used. The different types of electrodes are designed to preveat the different types
of wear to which tools and machinery parts are subjected. The three types of
electrades used on tarms and in nonfarm agricultural businesses for hard facing are
electrodes which deposit metal:

. To resist severe abrasive action.

2. To resist impact and moderate abrasion,
3. To resist severe impact and moderately severe abeasion,

Before hard facing, determine the type of wear, and then follow the electrode
manufacturer's suggestions in selecting and applying the electrode. Use a carbon
are torch for hard facing thin metals, because a low heat is required. A powder
instead of an electrode is usually used when a carbon arc torch is used for hearing
the metal.

Use a lower amperage setting for hard facing than for welding sheer metal,
because deep penetration is not necessary. A current setting high enough to obtain
a good-appearing bead is sufficient. Use a wide weave when a large area is to be
cavered. A short arc about v inch in length is used.

If a sharp edge is desired, hard face on only one side. Avoid an excessive
deposit in spots, because it is difficute to machine away. If a gear or a part needs to
be built up, use a mild steel elecrrode. Then hard face over the built-up pare. Mild
steel efectrodes are much cheaper than hard face electrodes. Hammering a hard
face weld with a ball-peen hammer will help to relieve stresses and thus prevent
the weld from cracking,

Shaping, Forming, and Bending Metals

Hear for shaping, forming, and bending metals can be supplied with a carbon
arc torch. For the techniques of shaping, forming, and bending hot metal see Chap-
ter 15, "Working Hot Metal”

Welding Pipe
In agriculeure, pipe is used for many purposes. It is used in the construction of

many labor-saving devices. Welding of pipe does present the welder with some
special problems because of the curved surfaces,
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I possible, do all weiding on pipe in a flac position. This may often be ac-
comphished by rolling the pipe as it is welded.

The general principles of making buee and fillet welds apply to the welding of
pipe. In making an ell, a 90-degree joint, with pipe, mark the pipe as shown in Fig.
13.27. Weld the joint from the outside point to the inside corner or heel. Figure
£3.28 illustrates how the end of a pipe may be hammered for a simple welded
assembly.

tCourtesy The Lintaln Electne €6 §

Fig. 13.27. Marking a pipe with water.

iCouresy The oo Eigene €6 3

Fig. 13.28. Hammer fhe end of the pipe for simpie welds.

It it is nccessary 1o bend the pipe, a carbon arc torch may be used as the
source of hear as shown in Fig. 13.29. A small-diameter pipe may be filled with
sand and benr berween two studs. With larger pipe, apply the torch on the inside
of the pipe, in the disection of the bend, When che pipe becomes red, apply pres-
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sure and bend the pipe. The pipe will wrinkle as shown in Fig. 13.30. Continue to
heat the inside of the pipe, in forward steps while bending, until the desired bend
is obuined. The final product will look similar to the pipe shown in Fig. 13.30.

(Courtesy The Lincoin Eiactric Co)
Fig. 13.29. A carbon arc torch may be usad to heat pipe that is being bent.

(Courtesy The Lincoin Eieetsic Co.)
Fig. 13.30. Weinkie bending larger diameter pipe.

METAL INERT GAS (MIG) WELDING

Mig welding is another method of welding that may be used instead of the
metal arc welding with stick electrodes, which was described in the preceding por-
tion of this chapter. In metal arc welding with a stick electrode, the weld process is
protected from the atmosphere by the gas shield produced from the coating on the
electrode. In the mig process, the electrode is surrounded or shielded by an inert
gas. The wire is fed through the tip of a welding gun, and the inert gas also flows
through the tip of the welding gun, shielding the weld.

Why Use Mig Welding?—Mechanics in agriculture like o do mig welding
because the welding process may be performed in all positions. The welding proc-
ess usually produces no slag, or only a small amount of slag, which must be re-
moved. [t is often considered easier, with less learning time required to develop
proficiency. The process produces a good-looking weld, and less smoke and fumes
to anroy the welder. Faster travel speed is possible in mig welding. This faster
travel speed produces a narrower hear area in the base metal, which resules in less
distortion.
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The quality of the weld is high, and metal may be welded from 20-gauge metal
to metal 1 inch chick.

The disadvantage of mig welding is the high cost of equipment. A mig welder
often costs 10 times as much as a metal arc welder. The initial cost, therefore, is
too high unless the quantity of welding to be done is considerable.

Procedures—For details regarding mig welding, consule the operating instruc-
tions provided by the manufacturer of the welder. Because of the high volage
involved, all safety precautions should be carefully observed.

TUNGSTEN INERT GAS (TIG) WELDING

in tig welding, a permanent non-consumable electrode, made of a metal which
is primarily tungsten, is used, and inert gas is flowed around the weld puddle to
avoid contamination of the molten metal from the atmosphere.

A tig welder may be used to weld aluminum, carbon steel, and stainiess steel.
A combination A.C/D.C. tig welding machine with a control to adjust current is
available. Various types and sizes of tungsten electrodes are manufactured. The
electrode size selected should correspond to the amount of heat used. As the am-
perage used is increased, the size of electrode used is increased.

Welding Aluminum-—Switch the :ig welding machine to D.C. straight polar-
ity and serike an ar¢ on carbon or copper. Melt the end of che electrode and stop.
This wifl form a half-ball on the electrode. This half-ball will help keep the arc
steady. The half-ball should be about the same diameter as the electrode.

Use the high-frequency setting on the tig welder for aluminum. Use argon as
the shielding gas, with a 15 cubic feet per hour (cfh) flow, for aluminum up o Ys
inch.

Before starting to weld, clean the aluminum. Alcohol or acetone may safely be
used for cleaning aluminum. Practice is necessary to obtain a good bead. Ia tig
welding the operator can control the heat, the torch, and the electrode. See a tig
welding manual for details on making various types of welds when aluminum is the
metal,

Welding Carbon Steels—Set the tig welder for straight polarity, direct cur-
rent. Sharpen the end of the electrode to a point. This helps the operator control
the arc and the size of the bead. Use the high-frequency setting to start the weld,
but do nor use a continuous high-frequency setting. The carbon steel being welded
should be cleaned with a safe solvent to remove any grease film.

Considerable practice is required to obtain proficiency in obtaining good
welds. Consule a tig welding manual for detailed instructions on making various tig
welds when carbon steel is the metal.

Welding Stainless Steel—A tig welder permits the welding of stainless steel.
Set the ag welder on direct-current straight polarity. Use a low-amperage setting
on the machine. Use argon as the inert gas, with a flow of 10 cfh. Sharpen the
point of the electrade. Use a rod for staialess steel. Use a slow trave! speed. Watch
the color of the stainless steel weld to tell whether or not too much heat is being
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i et
(Courtesy James F. Lincoin Arc Welding Foundalion)

Fig. 13.31. A barrel stand, which makes the tilting of 2 barrel easy. (Constructed by
Joe Rosenstiel, lilingis.)

used. A good weld will have a light red color or a mixture of light red and lighe
purple. 1t the color is a dark purple, too much heat is being used.

Use the high-frequency setting to starr the weld, but do not use a continuous
high-frequency setting. See a tig welding manual for details on making various
welds on stainless steel. Practice will be necessary to obtain che skill required for
welding statnless steel.

SPOT WELDING

Spot welding is fusion welding, Fusion welding is the joining of two pieces of
parent mareriad, meral, withoue che addition of other metal from an electrode, Spot
welding uses the same process as forge welding, 1n forge welding che two picees of
metal are heated o a plastic state and are joined together or fused by the pressure
ot hammer blows,

In spot welding, the heat is produced electrically and the pressure is applied
by copper electrodes. No additional meal is added. The weld or weld spot pro-
duced is slightly lacger than the size of the copper electrodes.

In agriculture, spot welds are frequendy used to weld sheer metal parts cn
agricultural machines. such as sheet metal safery covers and shields.

Why Use kt?—Spot welding is used because it is a fast method of welding
light-gauge metals without objectionable distortion. It produces clean, uniform,
and strong welds. It is an casy method of welding, a safe method of welding, and a
refiable and accurate method of welding. 1t can be used for both repairing and
constructing,

Procedures—rFor details regarding procedures of using a spor welder, consult
the manufacturer’s insrructional manual,
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Welding by the Oxyacetylene Process?
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. How is cutting done with an oxyacetylene flame?
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TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS '

What is meant by oxyacetylene welding?

Of what importance is oxyacetylene welding?

What gases are required in oxyacetylene welding, and whar are their
characteristics!?

What are the names of che parts of an oxyacetylene welding ourfit?
What precautions should be followed in oxyacetylene welding?

What procedure should be followed in preparing to weld?

What faceors shoukl be considered in selecting the welding tip 1o use?

. What is meant by backfire? Flashback? How ate they controlled?
. What procedure should be followed in lighting and adjusting a welding

blowpipe?

How should a blowpipe be turned off?

What welding marerials are necessary?

How should the pieces 1o be welded be prepared?

What are the common types of welds? Welded joints? Welding positions?
How should the blowpipe be held?

Whae procedure should be followed in making melt strips?

What procedure should be followed in welding various metals?

What is meant by hard facing?

What cutting equipment is necessary?

Whar procedure should be followed in lighting and adjusting a cutting
Blowpipe?

How is the flame of a cutting blowpipe extinguished?

How should oxyacetylene welding equipment be maintained?

'A considerable amount of information and most of the ilfustrations in this chaprer have been
supplied by the Linde Air Products Co.
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INTRODUCTION

Oxyacetylene Welding—Oxyacetylene welding is a process by which two
pieces of metal are joined together. An oxyacetylene flame is used to heart to their
melting point the edges to be united, thus causing the edges to flow together. This
is known as fusion welding. 1t may be accomplished with or without the addition of
a filler metal. Metat from a welding rod, however, is usually added to the edges of
the molten metal to produce a weld of the required serength and size. Fusion
welding is afso done with other pieces of welding equipment, such as spot welders
and carbon arc torches.

e-===:—;g_= - Jh

1Cguntesy Vocational Agnculture Serwce and Agnculiure Education Division. University of Hindis)

Fig. 14.1. An oxyacetylene outfit: (1) acelylene cylinder valve wrench, (2) acetylene
regulalor, {3) acetylene satety check valve, (4) cylindar support, (5) acetylene cylinder, (6}
plugs. {7} fusibis plugs, {3) oxygen safely valve, (9) oxygen cykinder valve, (10} oxygen
regulator, (1) oxygen safefy chatk valve, (12) oxygen cylinder, (13) oxygen huse, green,
{18) acetylen¢ Hose, red, (15) torch oxygen valve, (16) blowpipe handle, {17} torch
acetylene valve, (18) acetylene cylinder cap, (19} oxygen cylinder zap.

Importance of Oxyacetylene Welding-—Oxvacerylene welding has been
used commercially for many years. Ir can be used in welding steel, malleable iron,
cast iron, and many other metals. Only a relatively short time s required o train a
farmer or a nonfarm agricultural worker to weld. Complex welding jobs, of course,
should be done by an expert.
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{Courtesy Modern Enginsering Co.. Inc.)

Fig. 14.2. An oxyacsiylens welding table constructed with angie iron. The joinis have

been welded.

239

Gases Required in Oxyacetylene Welding—The two gases used in oxy-
acerviene welding are exygen and acetylene.

Gxygen is a colorless and adorless gas which supports combustion and makes it
possible tor things to burn. I is stored and transported in steel cylindess. It should
nat be spoken of as air. Acetylene is a colorless gas wich a characteristic odor. It is
combustible, which means that it burns rapidly. It is stored in steel cylinders which
are packed with a porous filler containing acetone, a liquid which acts like a sponge
w absorbing acetylene gas. Consequently, the acetylene is dissolved in this liquid
and remains in solution in the cylinder until the valve is opened and the free
acetylene is removed.

Safety Precautions in Oxyacetylene Welding—There are a number of
safety precautions which should be followed in oxyacetylene welding. Some of the

T

more important of these precautions are as follows:

. Avoid dropping tanks. Always wear goggles while you are welding.
. Use a standaed blowpipe, because mixetures of acetylene and oxygen,

being explosive, should not be permitted except in approved apparatus
having specially designed mixing chambers.

. Avoid using acetylene or oxygen from a cylinder without first artaching

a regulator to control and regulate the pressure.

. Avoid the uanecessary release of free acetylene into the air, because -

acetylene is combustible.

. Prevent oil or grease from coming in contact with oxygen under pres-

sure or with any of the equipment through which the oxygen passes.
Wear gloves while you are welding.
Keep clothes, hands, and gloves free of grease and oil.

. Weld in a well ventilated place, because clothing and other combustible

material will readily ignite and burn in an oxygen-saturated atmosphere.

. Aveid welding near combustible materials (flammable gases or liquids,

waste, Fags, paper, paint, wooden flooring, or partitions).

. Avoid laying down a lighted blowpipe,

- Do not substitute oxygen under pressure for compressed air.

. Keep oxygen and acetylene cylinders in upright positions.

- Keep the top of the acetylene cylinder free from tools and other articles
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50 thae the acerylene can be quickly shut off in an emergency. Also, do
not hang the blowpipe and hoses on the regulators.

t4. Open cylinder valves stowly.

I3. Keep the Tuwrench in position on the valve of the acetylene cylinder
while the cviinder is in use.

The importance of preventing oil or grease from coming in contact with oxy-

gen under pressure cannot be overemphasized. According to che Linde Air Prod-
ucts Co., “When oxygen under pressure is imposed on readily combustible mate-
rial such as oil or grease, particularly in a confined space, the heats of compression
and friction may cause the material to burn. if such a fire starts in a confined space,
as tfor example, inside a regulator, it may burn with sufficient speed to cause an
explosion.” The safety instructions supplied with a welding outfit should be care-
tully studied and foltowed.

PREPARING TO WELD

Oxyacetylene Welding Equipment-~A typical welding outfit consists of the

following:

. A welding blowpipe

2. Several welding heads of various sizes

3. Acetylene regulator

4. Oxygen regubator

3. Oxygen hose tapproximately 6 feet of lead hose for the oxygen and the

weevlener
. Aceeylene hose
. Feictivn lighter
. Gloves and goggles
9. Wrenches for the regulators and the blowpipe
10, Cylinder of acetylene and a valve T-wrench
LL Cylinder of oxygen
12, Seetion of chain (1o fasten cylinders in plice)

® o

Using Oxyacetylene Equipment—The following method of handling

oxyacetylene welding equipment is recommended by the Linde Air Products Co.

Connecting the Oxygen Regulator

I. Fasten cylinders together securely, in an upright position, to prevent
their being accidentally knocked or pulled over. Use a chain, a rope, or
another suitable device,

2. Unscrew and remove the sron ¢ap chat protects. the oxygen cylinder

valve,
Note: Thiv cap shondd be kopt in place at all times when the oxlinder Is not in
actual wse. Thes will prevens damage 1o the valve if the oylinder should be
orevtievned. and will belp protect the ralve from any il or grease that might
drip from oresivad muachivery ar come from wily hands or gl of workers,

3. Open the oxvgen cylinder valve slightdy and quickly dose it, This is
called “cracking” rhe valve.

Note: When “cracking” the sxygen cilinder valve, stand bebind and to the side
af the talve apening su that oxygen does wot blow over your clothing. Do not
imeke! Cracking s done 1o Bow ot small particles of dust o dirt that tend to
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{Courtesy Linds Ay Produets Co.)

Fig. 14.2. Test ihe acetylene system for leaks. The seven places numbered should be

tasted with soapy waler.

A -

(3.

collect tu the opening of o clinder valte. These pavticles. if blown into the
regilator. mias it the mechan fsnr or prog ot efficient operation. Any mad
us dIVE furind 1 Moy ralte spesing boredd he completely vemored with o dean
otk hapurve goen the oy linder

Remove the dust plug from the infer connection of the regulator,

Make sure that the threads on che ovlinder valve and on the regulator
connection muE are dean amd in good condirtion,

Compect the oxvgen regulator o the evlinder, Use the regulator
wretch==but never furce o bad GG Be sure the connecaon is tight,

Attaching the Hose Fittings

I 1 ehe oxygen hose already has connection fietings attached, connect one

emd uf the hose o the oxveen regulator. Use the regulator wrench to
SeCUre d tight Connection.

[t che ficrngs have not been attuched, it is necessary 10 attach a set o
cach end of the hose. A ser consists of a ferrule, a nipple, and a connec-
tian nut. To assemble them, fiest cur the end of the hase off squarely,
then push the ferrute on the hose as far as it will go. Lubricating the
vutside surfate of the end of the hose with spittle or soapy water (use
Fvary soap of cquivialent geease-free soap only) will make the ferrule go
on mere easily,

Nexe, put the nmipple through the nut, and fasten borh dghely to the
regulator, asing the regulator wrench,

Finally, twist the hose, with the ferrule artached, onco the oipple as far
as it will go. A lintle spittle or soapy water on che pipple will make this
operation casier, Nezer wse grease.

Artach the green or black hose wr the oxvgen regulator and the red hose
oy the aretviene regulator. A V-fitting permits using two sets of hoses
and blowpipes.
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Opening the Oxygen Cylinder Valve

k.

o

Betore opening the oxvgen cvlinder vabve, close the regulator by turn-
i the screw counterclockwise uneil it feels loose.

Always stand o one side of and away from regulator gauges when open-
ing the oxygen cvlinder valve.

Suddenly releasing the highspressure oxygen within the cylinder is likely
o Jumage the regulator. Therefore, open the ¢ylinder valve slighely,
waie uetil the cylinder pressure gauge registers fully, and then open the
cybinder valve alt the way.

. To remove dust or dirt from the inside of the oxygen hose, blow oxygen

tCourtesy Linge Air Products Co.)

Fig. 14.4. Test the oxygen system for leaks. Top—the eight places numbered should

be fesied with soapy water while the oxygen system is under prossure, Botlom—open the
blowpipe oxygen valve and hold the thumb over the end of the tip to put the oxygen
passages under gressure.
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at & S-pound pressure through the hose. Then close the oxygen reg-
ularor agatn.

Note: The diapbragm in the vegulater may be seriously damagd if oxsgen
wnder Bigh presstve & veleased suddenty .

Coanecting the Acetylene Regulator

k.

To blow out any dust or dirt in the acetylene cylinder valve, “crack” the
¢yltinder valve. Eeave the cylinder T-wrench in the valve.

Note: When cracking the avetylene cvlinder, do not bold your fuace over or in
frant of the valre opening. becanse pavticly of duse or dive (or cven ive and
SO, B winter) my be thevwn vt by the force of the escaping acetylene. And
remencher! Dhan't smoke when cracking an acetylene cxltinder valve!

Position the regulator on the cylinder valve so thae it will not be in the
way of the T-wrench.

TFighten the union nue with the regulator wiench—but never force a bad
fit. Threads are usually left-hand on acetylene equipment.

If the acerylene hose already has connection fittings artached, connect
one end of the hose to the acetylene regulator. Use the regulator
wreanch and make a eight connection.

. It hose tieeings have nor been attached, it is necessary to atcach a see

each end of the hose. The procedure for attaching connecrion fittings to
the acetylene hose is the same as the procedure for attaching fiteings o
the oxygen hose,

Note: The fittings wre alio the same. except for the connection nuts. The
awetvlone nut bay lefr-band threads and ¢ grovee aronnd it, and i vravked
vikd, weet.” The oxygen nut bas vight-band thraads and no groore, and is
weirked “ied. oxy.”

. The acetylenc hose should be blown free of dust or dirt, buc this is done

with oxgzer =t acetyline. CThis precaution is necessary e avoid releas-
ing combustible acetylene into che air) Therefore, disconnect the hose
from the acetylene regulator.

{Courtesy Linde Air Produm“ co)
Fig. 14.5. Test the blowpipe valve seat by holding the tip of the biowpige in water

with the pressure tumed on the closed valves.
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Eibom - cut thee .mav fere Buose En ol im,g O cmi .!L.llﬂ‘vt tlw RS

asveen Bose amd bjowing oxvgen at & S-pound pressure through beth,
Nowe wie vour broath o blow the Pure osygen, out-ob- the .\wt\iunv:-'_
Berse o This i 4 sabety mvasure o prevent the ;m:.nd_uh;} ot an g,\plc.mw- .
misttre of aetvlenc and pure oxvgen when acetylene iy kier passed
throuath the bose, s

Revonnvet the seerviene cvlinder hose o the acerylene regulitor.

U< r‘un -s;u i i‘lu: ;tu-tvluﬂu cylinder valve, b sure w cose the reg-

’;‘unnét;ting"_@he' lowplpc

Arrach oxygen e ac quﬂw- h-)w CORNECHONS U the '._}3|!1P“*|_>i}5L’} The!
ARELEn Conncrion. s ru..iu hand- thrue:eiv :ln. ety lene c'w.'ui_uc(tilfm _h-.lr'} 3
fett-huned dhreads, . : : SR :
L ehie Blowpipe i new, m_,htcn thc Lim, futs on the vl ms_ \mh ok
the Blowpipe wrench. The m.mui,uturcr usu.;lh Ic,.l\'t's thuw nuts !nuw
1o preserve thie packing 0T “ : ‘ S
Artael the welding head -Or tp-to the.we dnm bian!i‘C 'L"SL' th‘ bl*.’“"- -
pipe wrench to maké a tight connection, R

Selecting the Correct Welding Tip—In sclecting  suitable tip for the work
to be done, study the instructions pertaining to tips supplied with the welding
outfit. ks general, a small tip should be selected for welding thin metal: a medium
sized tip for welding meral of medium thickness, and s large tp for welding thick
materials. The we{dm‘g tips should be kepr in a rack. They should not be thrown
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into a metal hox, because this may damage the seat on the tips or batter the ends of
the tips.

Controlling Backfire—OQccasionally, especially after you first light the blow-
pipe, the oxyacetylene tlame will suddenly go out with a loud ssap or pop. This is
called a uckfire. It may be caused by any of the following:

1. Insufficieat acetylene or oxygen pressure.

2. A lvose welding head.

3. Dlire on the sear of the head which fits into the blowpipe.

4. Touching the ap of the blowpipe against the work.

5. Overheating of the blowpipe tip. Whea the tip becomes overheated,
which may be indicated by a popping noise, cool it by dipping it in water.

The above causes should be carefully checked to control backfires. Always
make sure that the correct oxygen and acetylene pressures along with correct tip
size are being used.

CyllnderPreswreGaug o
0 M?_._UO_O Ib. por

UL Qenneskis:

o Hb_sé-Conne:ﬁon
Nipple

1Courtesy Linde Air Products Co.)

Fig. 14.7. One typs of oxygen regulator,

(Counesy Linde Mr Produtts Co.)

Fig. 14.8. The variqus parts of 2 welding cutting head,
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Controlling Flashback—A flasbback is a fire inside the blowpipe. After the
blowpipe has been lighted, the flame may disappear, followed almost immediately
by any of the following:

I. A squealing or hissing noise inside the blowpipe.

. Sparks from the bluwpipe.
3. Smoke coming from the blowpipe.

Checkvalves chae prevent flashbacks from traveling into the hoses and the
regulators are available for the ends of the hoses. In case of flashbacks the follow-
ing should be done:

Close blowpipe oxyvezen and acetylene vabves.

Close oxvgen and acerylene regulators.

tt the hose has not been damaged, wair a minute or two, then relight the
blowpipe,

e g

Lighting and Adjusting a Welding Blowpipe--Since blowpipes vary in
inceenal conseruction, ic is best to ullow the manufacturer’'s instruc nons for I1ght-
ing the blowpipe. The working pres i
Some blowpipes are designed to have uccty}cne and oxygen pressures of approxi-
mately | pound per square inch for welding thin metal and pressures of approxi-
mately 5 pounds tor chicker metals. The safest procedure, however, is to tollow the
pressures recommended by the manufacturer. The working pressure will be de-
termuned by the thickness of the metal o be welded and che size of the welding
tipe. If the manufacturer’s instructions are not available, the beginner should use the
tollowing procedure for lighting a blowpipe:

Place goggles on vour forehead.
2. Open the oxygen valve of the blowpipe.

(Courtesy Linde Air Products Co.)

Fig. 14.9. Always use 2 friction lighter to light a blowpips.
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3. Open the oxygen cylinder valve, and ser the regulator ac the correce
welding pressure. )
4. Close the oxvgen valve of the blowpipe.
5. Check to see that the blowpipe acerviene valve is closed.
6. Open the valve of the acetylene cylinder, and set the regulator at the
correct welding pressure.
7. But on gloves.
8. Lower che goggles over your eyves.
9. Open the acerylene valve of the blowpipe one-tourth turn.
16, Open the oxvgen valve of the blowpipe slighely.
I} Serike the friction lighter ae the tip of the blowpipe.

If there is difficulty in getting the flame started, the pressure may be too high
or there may be two much oxygen in the mixture. Both valves of the blowpipe
should be closed and readjusted, and the blowpipe lighted again. If the flame burns
some distance from the end of the blowpipe tip, there may be too much acetylenc
in the mixture. In chis case the acetyiene valve of the blowpipe should be closed
skightly. In the case of buckfiring, open the acetylene valve a little more and relight.
In the case of a flashback, the blowpipe and pressure should be shut off at once,

Adjusting the Flame-—~There are three types of oxyacetylene welding flames:
neutral, oxidizing, and carburizing. The neurtral flame is the flame usually used for
welding. The oxidizing flame is caused by an excessive amount of oxygen which
produces a shore white inner cone and a short envelope flame. A slightly oxidizing
flame is used in the welding of bronze, in brazing operations, and in the welding of
Exass. The carburizing flame is caused by an excessive amount of acetylene. It has a
tong bluish outer flame. It is so named because it adds carbon to the welding
surface. It is used in some types of welding and in hard facing.

The following procedure is suggested for adjusting che flame:

L. Light the blowpipe. There is usually a tong yellow flame which must be
adjusted to a neucral tlame before welding,

2. Open the oxygen valve of che blowpipe gradually Liz wurns, As maore
axygen is added, the flame will change from yellow o vellow ana blue.

3. Close the acetylene valve of the blowpipe slowly, thus decreasing che
flow of acetylene until the yellow zone becomes smaller, finaily disap-
pearing. The flume should cthen be ncueral and have a brilliant white
inaer cane and a biuish outer eavelope.

The flame may need to be adjusted from time to time while the blowpipe is
being used.

Turning Off the Flame Temporarily—It is desirable to close the acetylene
valve first in turning off a flame. When the oxygen is closed first, a backfire or
flashback may occur, leaving a sooty deposit in the blowpipe which may cause
trouble later.

The following procedure is suggested for turning off the blowpipe:

I. Close the acetylene valve of the blowpipe.
2. Close the oxygen valve of the blowpipe.

3. Close the acerylene regulator cylinder valve.
4. Close the oxygen regulator cylinder valve.




Fig: 14.10; Top—neutrat and ‘oxidizing flames. Boltom—excess, carburizing” of ..
“reducing.” flames. o ST

Orpor the acetviene vitbve on the Blowpipe to dram the hose and refease
} PressUre f!‘um !ht‘ hlhl" .'lill_i [l'rr.' rc.:_t.:ui.l!nl',
Turn wwe the pressurc-adiusting screw of the aoerviene prossure reg-
wlator By tarong o coanrorclockwse.
Clase the blowpspe wervlene vilve.
Chpor the Blowpgpe osvgen valve o dram the bose and release all pros-
sure tront the bose and the regularor.
e et the proessure-sdiusning screw of the oxvaen pressere regulator

by turming i counrerefockwise.

Cand Oxy
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{Caurtesy Linde A Produets Co.)

Fig. 14.1t. During the adjustmant of a hiowpige to a neutral Hame, three distingt
flame zones are visihie.

(Couriesy Linde Ar Producls Co )

Fig. 14.12. The order of things that need atiention when work is stopped for more
than 10 minutes. (1) Close the oxygen cylinder vaive. (2) Open the bawpipe oxygen valve
untii all pressure goes down to zero. (3) Tumn the oxygen regulator handwheet out until it is
feose. {4) Cloge the blowpipe oxygen valve. (&) Cloge the acetylene cylinder valve. (6)
Open the blowpipe acetylene valve until aft pressure gues lo zero. {7) Turn the acetylene
handwheel out until it is loase, (8) Close the blowpipe acetylene valve.

Selecting Welding Marterials—The tollowing is a pardal list of welding
materials and cquipment needed 1o supplement the oxyvacetylene welding outfit:
A welding rable with a brick or clav wop.

3

13

2. A supply of fire brick,

3. Fire clay. carbon putey, or cement,
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gipe elvgen vaive. (3) Close the blnwmpe oxygen valve. (4) Turn the acetylena regulator -
handwhee! aut until it is {oose. (5) Open the blowpipe acelylena cylinder:valve. (6) cmse
the hiowpipe acelylene valve.

A power grinder.
3. A machingst's bench vise,

0. Hammers, cold chisels, pliers, and tiles.
T Wekding rods,

W Wedges, V-blucks, and clamps (optionals,
9 Welding Auxes.

Lo Metal tor welding,

A flnxc iy chemical componnd nsed to prevent the }‘mmmmn of aw nxide cwtmg on.
the mtad feing widded and to canse the welds 1o run together. The same ﬂu\ cannot be
used for welding all merals. When using a steel welding rod, it is possible to wuid_
stee] and wroughe iron without a flux, When using a cast iron welding rod, a flux,
however, 18 necessary, beis wlvisable to secare flux and other welding supplies -
from reputable munufaccurers and o follow their suggestions in selecring the
proper lus and welding rod 1o ase for a specific job. .

Welding rod is necessary in most welding to add metal o the weld: hence it is
sometimes called filler rod. Filler rod is made of the same kind of metal as the base .
metal o usuadly coneains other materials to help purity and strengthen the metal,
cesulting in a stronger weld. Welding rod may be purchased in sizes such as i«
mch, *ae inch, Y imch, Mo inch, and Yy inch, Small welding rod is usually used for
fight weldiog, and heavier rod is required for welding chicker merals. For example,
Hye-inch welding rod may be used for welding sheet metal up to Yy inch in thick-
ness.

Preparing Pieces to Be Welded—When possible, it is desirable o provide
by rcurting sgrinding:filing, or ‘buffing“aclesn, ‘bright 'surface forwelding because
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clean, bright surfaces weld more easily than dirty or oxidized surfaces. All rust and
scale should be carefully removed before welding, because such impurities have a
tendency to weaken a weld. The edges of merals over Yy inch should be cut to
form a V, with approximately a 45-degree angle, to permit the complete fusion of
the two pieces of metal. If the pieces are s inch or more in thickness, it is usually
desirable to cut 2 V on both the top and botrom sides of the two pieces of metal
being welded. The pieces to be welded should be placed about Yis inch apart to
provide for the expansion and contraction of the metals and to permit the weld to
penetrate deeply, if possible, through to the bottom edges of the pieces of meral.

Common Types of Welds—The two most common types of welds are the
butt weld and the fillet weld.

Types of welded joints frequently used are the buit joint, tee joint, corner joint,
fap fornt, and edge joint.

The common welding positions are downband, horizontal, vertical, and orver-
bead. The downhand weld is used most frequently, and it is the easiest weld to
make. See figures in Chapters 13 and 14 for illustrations of the welding positions,
the types of welded joiats, and che types of welds.

L-Vee

(Courtesy Linde Air Products Ca.)
Fig. 14.14. Terms used In describing a [oln to be welded.

Holding the Blowpipe—The blowpipe is usually held like a hammer or fish-
ing pole when the operator is welding while standing. it is usuaily held like a pencil
whesn the operator is welding while seated. See Figs. 14.15 and 14.16. However, it
is desirable for the operator to hold the blowpipe in a comfortable way. If welding
is done while the operator is sitting, the hose should pass over the back of the
hand and rest on the floor in order to relieve the hand of much of the weight of
the hose.

The blowpipe position should be as follows:

1. Hold the blowpipe so that the 1ip will be inclined ar a 45-degree angle to
the surface o be welded, as shown in Fig, 14.17.

2. Hold the blowpipe so that the tip will point directly along the line of the
weld.
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outTesy Linge Al Products o

Fig. 16.16. When seated; huid a lighl-duty blowpipe fike a pencil.

Yo FHald the gy about Ymch above the surtace of the metal o be webded,
chus permirang the inner cone of the tlame o be ahour Y200 2 mch
oo thee meraf.

Using the Blowpipe—Betore lighting the blowpipe, practice holding i, Also
practice the motion used in welding, The blowpipe may be moved in 4 straighe
hine, in o zigzag, or in a circular motion. The circular motion s used most fre-
auently. The tollowing blowpipe- morion
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I. Move the blowpipe in a series of connected ovals in a lefr-to-righe diree-
tion.

2. Move the blowpipe along the fine of welding,

3. Advance each successive oval about Yis inch.

4. Make the oval about Y4 inch wide and ¥4 inch long.

{Courtesy Lings Air Preducts Co )

Fig. 14.17. The correct position of a blowpipe and rod when the rod is lowsred.

ABour 7§ =
P PN
A8our
_ ’ ‘ . START
. _ e “’!."?“"?f"t*. ~
ADVANCE PER -
ovaL ABOUT DIRECIION OF WELDING

tCourtesy Linde Air Produtis Co.)

Fig. 14.18. The blowpipe motion frequently used.
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Making Melt Strips®*—The first step in learning to weld steel with an
oxyacetvlene welder is to learn how to melt the base meral and how to control the
molren puddie. A piece of [6-gauge sheer steel may be used for this purpaose. The
piece of steel should be placed with the edge which is farchest from the operator
over an opening in the welding table. 1f the table has a solid cop, place the piece of
metal on two other picces of metal so an air space will be formed below it. This
prevents the heavy metal top of the rable from conducting the welding hear away

*Some operators prefer o call these “puddle strips.”
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from che steel. The blowpipe should be moved over the meral in a straight line,
with a circular motion. melting the surface to form paths of a uniform width, These
puths are designated as puddle or melt strips. A student should practice making melt
strips betore attempting to weld. (See Fig. 14.19)

/ \
/About % \About 45"
(Cour:asy Linde Air Products Co.)

Fig. 14,19, This view of the blowpipe motion shows how the flame s lited at the
tront edga of the circte.

The tollowing procedure for making a mele strip is suggested:

. Place a piece of prepared metal in the proper position.

. Pur on goggles,

. Select the correcr size tip, light the blowpipe, and adjust to a neutral

flame.

4. Start the flasas ac che right-hand edge of che stee} piece, and form a mol-
ten puddle «lour Yy inch in Jiameter and about Vs inch from the edge of
the picce of ol

5. Move the blowpipe slowly forward in a straight line, using a circular mo-
tion, and hoiihe blowpipe ar a 45-degree angle o the metal so that the
ead of the e cone of the flame is Yig inch above the steel. If neces-
sary, support e right hand wich che lefe hand

6. Maintain a pudle 'y inch to ¥ inch in diameter, advancing the blowpipe

about i inch with cach oval completed.

. Raise the blowpipe slightly as the flame passes along the front edge of the

paddle.

8. Avoid burninz a hole through the steel when approaching the opposite
edge of the e by flicking the flame away from the puddle.

9. Turn off the zume when the mele serip is completed, and examine the
wark before - peating the process. - I

A by e

1

Making a Bead- After a person has learned how to control the molten pud-
dle by making mele strips, learning how to make a bead comes next. When maolten
metal from a welding rod is added o the puddle as it progresses across a piece of
metal, it is called makiny a bead. This is not actually welding, because the bead of
weld metal is deposited on the surface of the steel and does not join two pieces of
metal togecher.
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The following procedure is suggested for making beads:

t. Lay a picce of Io-gauge metal over ¢ hole in the table wop.

2. Select the coprect size welding tip.

5. Select the proper welding rod.

4. Put on gogeles,

5. Light the biowpipe and wdiuse 1o a neateal Hane.

6. Seart wt the right-hand edge of the menld abour Yw inch trom: the edpe
arck el the surface.

. Hald the wekling rod in the left hand (right-handed persony ae a 45-
degree angle so that the end of the rod will be within the outer en-
vetope of che flame.

8. Move the blowpipe n a circular motion and move the welding rod in an
up-and-down motion, thus svachronizing the motion of the flame and
the rod as the paddle is formed. The beginner should pracrice chis up-
and-dewn motion of the rod before attempting to make a bead.

<. Matatan a molten puddie abows Y dnch n diamerer and move the tod
and blowpipe slowly, straighe forward about Vi inch with cach oval
mestion of the blowpipe,

1. Ruise the vod sue of the way of the tlame to permit the flame to beat the

el ahead of the bead,

it Lower the eod so thar the flame will mele it, causing the welding rod to

tlow into the molten puddle, The end of the welding rod should touch
the puddie on the downward stroke. The rod should aoe drip into the
pud.tuu.

L2, Repear the synchronized motions of the blowpipe and the rod until a
bead 15 completed aoross the piece of metal.

B3, Turs off the lame and examine the bead

Correct timing of the circular motion of the blowpipe and the up-and-down
motion of the welding rod is important. A hole may be melted through the metal
sheet if the timing is too slow. If the timing is oo fast, there will be insufficient
melting of metal and rod. If che base metal is not hot enough, the end of che rod
may stick to it

WELDING TECHNIQUES

Welding Stecl—After a person has learned how o make melt strips and
beads, he or she 1s ready to make a fusion weld. Two picces of 16-gauge sheet steel
and Yis-inch welding rod can be effectively used in learning how to w _Id steel. The
following procedure for welding 16-gauge sheet steel is suggested:

L. Prepare two pieces of meeal approsimarely 12 by 3 inches in size, and
place them on a welding rable so thar the 3-inch edges are adjoining,
2. Space the picces so that the edges of the med are Vi inch apart at one

- -- - end and apprenimarely - inch apart & ehe othor end. These-distances-

provide for the contraction of the cooling meral.
3. Select s welding rod, usually e inch mild steel; pur on goggles and
light the blowpipe.

Make a tack weld ar cach end of the picces of metal 1o hold them to-

gether.

3. Place the tack-welded pieres on a welding table so that the space e-
tween the picces will be over a hole in the able top. The narrow spacing
berween the pieces of metal should be w the right of the person doing
the welding,

=
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6. Pick up the welding rod and blowpipe and start welding at the right-
hand side, using the motion followed in making a bead. To permit
greater ease in using, the end of the welding rod may be heated and
bent abour 6 inches from the end to a 135-degree angle. The tip on the
blowpipe should be directly over and in line with the bead being
formed.

7. Place the end of the rod in the molten area to forim a puddle as soon as
the metal stures meling. The rod is used 1o fill the arca between the
pieces of metal and to give strengeh o the weld. Be carefied not to use more
rod thae b needed for a satisfactory fob. Make suve parts are properly fused
together.

(Courtesy Linde Ajr Products Co.)

Fig. 14.20. Push the rod IArough your hand by pressing it with your body.

. l:CGunésy Linde Air Producis Co.)

Fig. 14.21. An example of a good weld.
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{Courtesy Linde Air Products Co }

Flg. 14.22. Tack welds.

8. Dip the rod into the puddle as the flame starts upward, and remove the
rod trom the puddle as the flame moves near the rear of the puddle.

Y. Continue straight across the meral uatil the second tack weld is n.-.uhtd
Remele the tack weld jnto the advancing puddie,
. Furi off the flame and examine the weld,

A beginner should practice such welds until satisfactory skill is developed.

Welding Cast Iron—Cast iron may be welded by either fusion welding or
broaze-welding. Fusion welding is required when the color of the base metal and
the weld mertal must march. The vast majority of cast iron jobs, however, are
bronze-welded. Many iron castings are made of malleable iron which require
bronze-welding.

The welding of case iron, using the fusion method, is very similar o welding
steel excepe char a case iron filler rod and a special welding flux are used. A begin-
ner should seart welding on thin pieces of cast iron. The following procedure is
suggested:

L. Take two pieces of '/s-inch cast iron; clean and bevel the edgesto forma V.

2. Select the proper flux and a cast iron welding rod.

3. Pur on goggles; light and adjust the blowpipe.

4 Tack the ends of che cast iron pieces together.

5. Begin to weld on the righe-hand side,

6. Hear the cast iron to its melting temperature.

. Heat the end of the welding rod 10 a red heat, dip in flux, and insere the

end of the rod into the molten puddle of cast iron.

8. Continue to weld. Follow the procedure suggested in welding stecl, mov-
ing the blowpipe in a circular motion and the rod in an up-and-down
motion. Dip che rod in flux from time to time.

Because che base metal must be melted in fusion welding, large pieces of cast
iron require prehearing. Since bronze-welding does nor require the melting of the
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base metal, it is generally preferred to fusion welding, especially in welding heavier
pieces. Some machine parts can be repaired in place by bronze-welding but have to
be dismantled for fusion welding.

Bronze-Welding—Bronze-welding has some advantages over fusion welding.
Since bronze-welding does not require a melting heat, it can be done faster than
fuston welding, thus saving time and gas. A “sweating temperature” is required for
a bronze weld. Bronze-welding produces considerably less expansion and contrac-
tion of parts than fusion welding. The base metal should be heated to a bright
salmon red color. The bronze rod should aot remain in the inner cone of the
tlame, and the inner cone of the flame should not stay in one spot on the molten
bronze because the intense heat will burn the bronze. The temperature of the base
metal should be slightly higher than the melting point of the bronze.

A beginner should start bronze-welding with small pieces of cast iron or steel.
The following procedure is suggested:

Buvel two cast iron parts to form a V groove.

Place the two picces on a welding table so that they are spaced Yys inch

apart at the right ¢nd and Yy inch apart ar the left end. This spacing

berween the two picces allows expansion and contraction of the meral.

5. Adjust the blowpipe 1o a slighely oxidizing flame.

4. Warm the pieces along the entire V, then heat o a red heat an area about

3 inches in diameter at the starting end.

5. Heat the bronzewwelding rod and dip it into bronze-welding fux.

6. Mete a fiede bronze rod on the surface of the V. If it rolls off, the base
metal is not sufficiently warm. If it tends to bubble or run around like
drops of water on a hot stove, it is too hot. If the base metal is the proper
temperature, the bronze metal will spread out evenly and adhere to it It
is important o cover the eatire sutface of the V with bronze. This is
calied tinniang.

- Apply more bronze rod, which has been dipped in flux, uneil the top of
the Vs reached,

B. Apply additional fayers of bronze until a weld of the desired size is ob-

tainced. The top surface of the weld should be rippled.

9. Allow the meal o cool stowly ar room temperatere,

i o

Welding Nonferrous Metals—The oxyacetvlene process may be used to
weld white metal (zine die cast), aluminum, copper, and brass.

Many truck parts, such as carburetor parts and door handles, are white metal.
In welding white metal, it is usually advisable to prepare a “timbers dam” because
white metal is very weak when hot,

Much agricultural equipment, such as lawn mower castings, small engine parts,
and power hand tools, is made of aluminum or has aluminum parts. Aluminum
oxidizes rapidly in a molten condition, conducrs heat readily, and expands consid-
erably when heat is applied. It meles at approximately 1,200 degrees Fahrenheit.
For aluminum, the tig welder is ordinarily used instead of the oxyacectylene outfit.

Brass is an alloy of copper and metals such as zinc and tin which have lower
melting points than copper. In welding, these lower melting metals will be burnt
out if too-much heat is used. Brass being welded must be supported properly, or
the heated area will collapse. The cone of the flame should be slightly above the
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meral as it is brought to fusion heat level. A manganese bronze-welding rod is
often used.

Hard Facing—The process of applying a very hard coating to pares of
machines that wear away rapidly is called hard facing. Parts such as plow shares or
cultivator shovels may be hard-faced with a special material to make them last
longer. The process can be used on either new or old parts. Some of the hard-
facing materials are Stellive, Stoodite, and Hayseellite. It is claimed that such mate-

rials will outlase steel from 2 to 25 times. Special braze torches are available for
hard facing.

1Courtogy Linde Air Products £o.)
Fip. 14.23. Mard facing 3 plow thare.

CUTTING

Cuzting Equipment—For cutting metal, a cutting blowpipe is needed instead
of a welding blowpipe. See Fig. 14.24. The tip of a cutting blowpipe has several
small holes locaued around a larger hole in the center of the tip. The small holes
permit an oxyacetylene mixture to pass through them, and they provide flames to
prehear the mertal before it is cut. The large hole in the middle of the tip supplies a
jet of oxygen under high sressure that does the acrual cutting after the metal is
preheated to a red heat.

Lighting and Adjusting a Cutting Blowpipe—In lighting a cutting blow-
pipe, follow the procedures recommended by the manufacturer. This is imporrant
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BLOWPIPE OXYGEN VALVE

~ BLOWPIPE HANDLE

CUTTING-OXYGEN
VAWE LEVER, .

. slowmPE .
 AGETYLENE VALVE

\PREHEAT-OXYGEN VALVE

.. 'CUTTING ATTAGHMENT '
NOZZLE NUT -
S-NOZZLE

(Courtesy Linde A Procducts Co )

Fig. 14.24. A cutting attachment with the principal parts named.

{Courtesy Linde Air Praducts Co )
Fig. 14.25 A cutting torch’s neutral flame,

because blowpipes vary in internal construction and, consequently, require dif-
ferent methods of lighting. If you are a beginner and the manufacturer’s instruc-
tions are not available, the following procedure may be used in lighting a blowpipe:

L. Open the biowpipe preheat-oxygen valve.
2. Open the blowpipe cutting-oxyvgen valve by pressing down the Jever.
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3. Open the oxygen cylinder valve and set the oxygen regulator at the
correct pressure for working, (This will depend on the metal to be cut
and the size of the cutting aozzle used.)

. Release the cutting-oxygen valve lever.

. Close the blowpipe preheat-oxygen valve.

. Check to see that the blowpipe acetylene valve is closed.

. Open the acetylene cylinder valve and set the acetylene regulator at the
correct pressure for welding.

. Put on gloves and goggles.

. Open the blowpipe preheat-oxygen valve slighely.

. Open the blowpipe acetyle 1¢ valve 15 turn.

. Strike the friction lighter at the tip of the nozzle.

2. Adjust to a neurral flame by turning the preheat-oxygen valve to the

required position.

13. Depress the cutting-oxygen valve lever and check to see that a neutral

flame is present. If necessary, adjust the preheac-oxygen valve uotil a
neutral flame is secured when the cutting-oxygen valve is open.

et ok et
I e T ND 00

It in using the cutting blowpipe a backfire or flashback occurs, it should be
controtled the same as in welding. See previous sections of this chapter on control-
ling flashbacks and®ackfires.

Extinguishing the Cutting Blowpipe Flame—The following procedure is
suggested for extinguishing the flame of a cutting blowpipe if it will not be used
for 20 minutes or more:

L. €lose the blowpipe acetylene valve,

2. Close che blowpipe preheat-oxygen valve,

3. Close valves on the oxygen and acetylene cylinders.

4. Open blowpipe valves to drain all acetylene and oxygen from the
equipment.

5. Close both regulators by turning the screws on them until they are
loose.

6. Close the blowpipe valves. Do not close the valves oo tightly.

Cutting with an Oxyacetylene Flame—The cutting is done by the oxygen.
When it strikes a preheated metal surface, it causes the metal to burn or oxidize.
The oxygen combines with the heated iron to form a molten metal and slag which
flows or is blown away, exposing more metal to the oxygen jet.

A narrow cut or kerf is formed as the cutting blowpipe is moved across a piece
of metal, cutting as it goes. A beginner should start by cutting a piece of ordinary
sceel about 12 inch thick, because ordinary steel is easy fo cut with an oxyacerylene
cutting blowpipe. The recommendations of the manufacturer relative to the oxy-
gen pressure in the regulator should be followed. A higher oxygen pressure is
required for cutring than for welding,

Cutting Steel—The following procedure is suggested for cutting ordinary
steel:

L. Prepare a piece of steel approximately /2 inch thick and 12 inches wide.
Clean it thoroughly.

2. Make a chalk line or mark a line with a ceater punch about 1 inch from
the edge of the piece of steel.

3. Place the piece of steel on the welding eable so that the mark clears the
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1Gourtesy Linde Air Produtts £n

Fig. 14.26. Cufting with an oxyacetylene flame.

cdge of the table by at least Tanch A pacce of metat clamiped o the mesad
tor Bseocpt iy e used as g gunle.

Put o gogeles and gloves.

Light the catting blowppe, The tp should be placed on the blowpipe so
that the two ogside holes and the conter hole are on the line tor the cur.

Floli the blowpipe with the nozzle perpendicular o the surtace of the
metal and with che thner cones ot the prehearing tlames ar che edge of the
proece of stecl and abour s inch above the chadk fine,

Fhold che Dlowpipe steady ae this spot antgl the steel becomes @ brighit
red, then slowly press down the catting-oxygen valve Jever. A bright eod
colur indicates that the seeel soacar the meltng poiat.

Move the blowpipe slowly along the chalk line, curmiog complerely
through the moetad as the cunmg procecds,

The lede hand ton a pght-handed person) may be used 1o steady the blowpipe
By pernurran the tabes o rest oy the osed st

Cutting Cast Iron—It s more difficule to cut cast ivon thao it s to cur steel,
because more prebeating is nccessary. A carburizing flame, having an excess of
acerviene, rather than o neutral flame is required. The tollowing procedure for
CULEing cast iron is suggested:

Pue on mogeles and gloves,

Adiust for a carburizing thime when the cuttimg-oxveen valve 5 open,
The excess acetylene feather shouid be 2o 20 tames the fonueh o the
[ 138150 GAT) 140

Clisse the cating-oxvaen valve

starr preficanmg the case ron adonyg the enore edge 1o be cuz, heating as
mitcky of the area to be cur as possible

Hold the nozade at an angle of approximanciy 45 degrees, and about Fsoro
Ly inch above dhe surface o be cur :
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Tatle 14.1--Recommended Tip Sizes and Working Pressures
for General Oxyacetylens Walding and Cutting?

WELDING
Prassura in Pounds .
Dril Size Thickness
Tip Size forTip Acetylene Oxygen of Metal
0 71 1 i Up to0 Yas"”
t 63 I 1 Up to "
2 58 2 2 Yy to s
5 54 3 3 Y to 3,".3"
4 52 4 4 316" to Yy
b 48 5 5 4" to 3"
6 44 6 6 A" o 2"
7 40 7 7 Yy 1o fu"
8 36 8 8 5fy* to 1"
9 32 9 9 1" and over
CUTTING
Pressure In Pounds
Maximum Cutting
Tip She Acetylens Oxygen Range
thd 3 812 Upto
t-4 3Yy 10-15 Up to 'y"
2-4 4 15-20 Y o "
a4 b 20-.25 Ya¥ to My
F& % 6 2530 Iy w 1"
5&0 7 30-40 1"to 2"

'S, M. Henderson and R, R, Harris, "That Versatile Shop Toal, Oxy-acerylene Welding,” College of Agricultare,
University of Georgia.

6. Hear 2 small area by moving the nozzle back and forth across the line o
be cut until the meral begins to melt.

7. Open the cutting-oxygen valve wide, place the nozzle ar a 45.degree
angle to the surface to be cue, and start cutting. Keep the metal hot and
use a swinging, side-to-side motion of the nozzle,

8. Straigheen the cutting nozzle to a 75- to 90-degree angle as soon as the
cut has been started. Keep the nozzle moving from side o side as the
CULEING Progresses.

9. Continue cueting until the far cdge is reached.

MAINTAINING THE EQUIPMENT

Efficient and long-lasting service can be obtained from welding and cutting
equipment by keeping it in good condicion. Following are a few suggestions for
accomplishing this:

i. Keep equipment stored in a dry, well ventilated focation.

2. Keep connections properly tightened to prevent leaks.

3. Remove leaking sections of hose and insere a special welding hose
splice, unless new hose is necessary. A special welding hose splice is
needed to prevent chemical reactions. Do not use tape 1o repair bose.

4. Use proper wrenches for adjusting nuts.
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Use Up and ((§

Downy ’ .

Motion

Do No#t
Twist Drill

(Courtesy Linde Air Products Co.)

Fig. 14.21. Gleaning the prehaat orilices of a Mowpipe with a special drill,

5. Use packing recommended by the manufacturer for repacking blowpipe
valves.

6. Use only standard parts when replacing parzs.

7. Apply soapy water to connections when installing.

8. Be caretul not to damage the threads when inserting tips.

4. Keep the orifice, or hole, in the cad of the dp perfectly clean and
round. Be sure to use the proper size deill when cleaning a rip. Never
use a wire,

10. Use proper tip cleaners to clean orifices.

I L. Fasten filled oxygen and acetylene cylinders securely in place to prevent
them from falling over.

12. Keep the hose properly hung up when not in use.

13. Avoid using oil or grease, as oxyacetylene equipment does not require
lubrication, and oil and grease may ignite in the presence of oxygen
under pressure,

14, Prevent oil and grease from coming in contace with the equipment.

15. Keep the seats of valves clean so that the valves will shue completely.

16. Maincain gas-tight connections between the regularor and the eylinders.

17. Remove the regulator from the cylinders if che ¢ylinders are not to be
used for some time,

18. Relieve the pressure on the delivery-pressure valve seae by turning che
pressure-adjusting screw in a few turns.




HOT AND COLD METAL WORK

Student Abilities to Be Developed

. Ability to measure and cut stock properly.

. Ability to hold the stack while it is being heated.

. Ability to do the following jobs: squaring, drawing, upsetting, ewisting, bend-
ing, tempering, and welding.

. Ability to bend, cut, drill, punch, and rivet cold meral.

. Ability to cut threads on bolts and nuts.




CHAPTER 15

Working Hot Metal

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

. What are the types of hot metal equipment needed in a shop?

What is the best kind of anvil and anvil base?

How should the equipment be arranged?

What supplies are necessary for metal work?

How should stock be heid, and what kinds of tongs are best?

How is stock measured, heated, annealed, tempered, bent, twisted, cut,
squared, drawn out, shortened, and punched?

O\ e

HOT METAL EQUIPMENT?

The average worker should be able to do simple hot metal jobs such as the
following;

. Measuring and cutting

., Upsetting and drawing
. Bending and twisting

. Tempering and weiding
. Punching and drilling
Threading and riveting

N NP

If a farmer or nonfarm agricultural worker does a great amount of the above
types of meral work, 2 forge will provide the most economical way of heating the
iron or steel.

Types of Forges—A portable forge is the cheapest type of forge that can be
obtained for a home shop. It can be easily moved. Many forges of this type, how-
ever, are light in weight and are not well adapted for heavy iron work. Gas-fired
forges are popular and are preferred by many workers.

Chimneys—In order for a forge to work properly, it must have a good draft

" "See Chapeers 13 and 14 for a description of oxyacetylene and electric welding equipment and its
use.

267
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through the chimney. If possible, each forge should have a separate outlet for the
smoke, unless an ejectrical blower is provided.

Auavils and Bases—A 150-pound cast iron boedy, steel-faced anvil is satisfac-
tory for a home shop. The anvil should be of good quality; otherwise, the steel face
will crack and chip.

Various types of anvil bases are used. Some agricultural mechanics use heavy
chunks of wood; others use concrete bases. The latter is preferred by most farmers
and nonfarm agricultural workers because they are firmer, easier to keep in place,
and neater in appearance. A 2-inch block of wood should be placed on top of a

Fig. 15.1. An anvil.

COUNTERDUNK. HOLLS
FOR RIVETING .

PIECE OF RAIL
32°LONG

sHOLES OF VARIQUS
24 FOR. PUNCHING

B PLACED
THI3 WAY,

"4"

{Courtesy E. C. Atkins anc Co.)
Fig. 15.2. A homemade anvi} far light blacksmith work.

Rods Bent Over
Four Anvil Legs

Two 35" X 6" Bolts
Spaced Between
Anvil Legs

Tool Hook
of Wood

A s

b agiled "
ol £ N2
Concrete Anvil Base

Fig. 15.3. Plans for an anvil bage.
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concrete base as a cushion for the anvil. There should be hooks for a square, a
hardie, and tongs on the side of the base.

Other Equipment—In zddition to a good way of heating metal, an anvil, and
an anvil base, the following equipment is necessary:

. Blacksmith's ball-peen hand hammer, 1 1b., 10 oz.
. Machinist's hammet. I lb., 8 oz

. Blacksmith's cross-peen sledge, 10 1b,

. Machiatst's vise

. Hardie to fie anvil

. Steel square, 12" x §"

. Hacksaw with blades

. Power drill with bits /«" to 1”7, by lGths

. Set of taps and dies

HL Power grinder

FE. Hot cut chisels

12, Seeaight Lipped, '/" opening, £8” lengeh, blacksmith's tongs
I3 Bole toags, ¥/« o 12", 18" [ong

14. Fluted jaw tongs for /4" to Y16 iron, 18" long
[%. Assorted wreaches

i6. Steel marking punch

£7. Workbench

I8. Water bucker

14. Files

260, il can

Mo R0 O A g b B e

S—] T

A e

(Courtesy E. C. Atkins and Co.)
Fig. 15.4. Corract and incorract shapes of tangs.

Arranging Equipment—The equipment should be arranged for its conven-
tent use. Sufficient light is also essential. If a forge is used for heating metal, it
should be accessible from all sides and placed near one side of the shop.

The anvil should be securely fastened to its base and placed about 3 feet from
the forge. It should be placed in front of and near one corner of the forge, and set
on a 45-degree angle ra the forge with the horn of the anvil facing the side of the
shop where the forge is located. This position of an anvil is convenient when you
are wurning with a hor piece of meeal from the forge to the anvil.

A power drili should be placed along a wall near the forge. A machinist's vise
should be placed on a workbench located along a wall near the forge. The metal-
working tools may be kept in a cabinet located above the metalworking bench or
near the forge.

Supplies for Metal Work—There are some supplies which every shop should
have. The following are recommended:
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Assorted machine, carriage.“and stove bolts.

. Flux marerials for welding.

. Assorted sizes of octagon-shaped tool steel.

Assorted sizes of wrought iron (fiat, round, and square).
Assorted sizes of mild sceel.

. Sandpaper and emery cloth.

. Metal paint.

. Hacksaw blades.

T

HOT METAL WORK

Holding the Stock—To work metal sacisfaceorily, hold the stock securely and
properly. This may be accomplished as follows:

1. Select tongs which fie the work. The jaws should be parallel when
clamped on the stock. If necessary, heat the jaws to a cherry red and
bewd chem to fic and hold the stock fiemly.

2. Keep the tongs cool by dipping them frequently in water,

3. Be careful not to bead the jaws or handles of che tongs.

There are several different kinds of tongs, but only a few are frequently used
in agricultural mechanics. They are as follows:

t. Flat-fawed rongs with a lengthwise groove in the middie of each jaw to
kelp hold materials securely.

2. Link tongs with & crosswise groove in the jaws which helps in holding
tinks, rings, and simitar materials.

3. Bole tongs with a curved opening in the jaws to permit the holding of
round or square materials.

The type of rongs to use depends upon the kind of work that is to be done.

Measuring Stock—Measuring stock is very important. It may be done as
follows:

. Measure the required length and mark with chalk. [f the piece is to be
heated, the mark muse be made with a center punch or a file because a
chalk mark will burn off,

2. i a bent piece of metal is to be duplicated, take a lightweight piece of
wire and follow the bends with the wire. Then remove the wire,
straighten it, and measure its total length. The wire should be placed near
the center of the piece being measured.

3. The amount of material required for making 2 ring is 3'/7 times the
diameter of the ring plus '/z the diameter of the stock.

4. In measuring a piece to be welded, add the length needed for upsetting
to the towal length needed.

In construction work it is best to secure a plan or a blueprint, if possible,
which will indicate exact dimensions.

Heating the Stock-—Heating of stock may be done with oxyacetylene and
carbon arc torches, or with a forge. A forge is the most economical way to heat -
large areas of meral. When the metal to be heated cannot be removed from a
machine, or when the area to be heated is small, an oxyacetylene torch or a cashon
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ar¢ torch has many advantages. One advantage is that a carbon arc and an
axyacetylene flame are readily available.

Care must be exercised in heating metal with a carbon arc or an oxyacetylene
tlame, because the heat is very intense. If too much heat is used, the metal may
oxidize tburn), and checking of the metal may occur. The carbon arc torch or
oxyacetylene flame should be moved over the entire area to be worked to prevent
overheating in spots and to provide sufficient heat to last until the shaping opera-
tion is completed.

In a forge the following heating procedure is recommended:

L. Place the seock in the fire in a horizontal position so that che surface of
the metal in the fire will be heated uniformly. If a piece of metal is in-
serted downward in a fire, the end of the piece will heat before the sur-
face nexe to it does.

Look ar the piece occasionally to determine whether or not it is heating
properly.

L&)

When heating two pieces of material at the same time, as in welding, keep
them placed in che fire so that both will heat to the same remperature. If one
becomes hotter than the other, move it to the outer portion of the fire until both
pieces are the same temperature.

Annealing—Annealing is the heating and very slow cooling of metal. 1t soft-
ens metal and removes stresses. Previous treatment of iron or steel may have left it
britele, making annealing necessary. The reaction of iron and steel to different
degrees of heat is as follows:

1. A course grain structure results from heating iron or steel 1o a yellow or
white color.

2. A finer grain resules when steel is reheated ro a cherry red color and
allowed 1o cool slowly, Through this process, known as annealing, steel
develops toughness, serength, and & uniform structure,

To anncal iron and steed, (1) heat the stock slowly to a uniform red color and
t2) bury the heated stock in air-slaked lime, pulverized charcoal, or wood ashes.
Since the air is shut out, the stock cools very slowly. Do not remove ch: metal
until it is cold.

Tempering—For satisfactory use, tool steel muse be of the proper hardness
and brircleness. If it is too hard, it will chip; if it is not hard enough, it will bend.
Worn and broken tools such as axes, wood chisels, and shears often need to be
hardened or tempered after they are repaired. Tempering may be done as follows:

. Hear the piece of metal to a cheery red color.

2. Hold the piece vertically and dip the end to be tempered into cold water.
At che same time move the picce up and down in the water in order to
bring ics surface in contace with as much cold water as possible, thereby
cooling it rapidly. The end will thus be cold and hardened, while the
piece will be hot ar some distance back from the end being tempered,

. Brighten immediately the surface of the part dipped into water with an
emery cloth or & piece of sandstone.

4. Warch the brighe surface very closely. Colors will gradually move down

(")
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from the heated portion. First will be seen a tighe steaw color, then a Jaek
straw color, then a light brown color, followed by a dark brown color.
When the dark color has reached the end of the piece, quickly pluage the
part to be tempered into cold water, and the required temper will be
secured. Keep the tempered portion cool until the entive piece has
cooled 1o a black color. Then the entire piece may be cooled turther by
being dipped in water.

In tempering such items as fache curting rools and hammers, follow the pre-
ceding procedure, but plunge the part to be tempered in cold water -vhen the light
straw color has moved down from the heated portion. For punches, dies, hacksaw
blades, drills, taps, kaives, and reamers, wait to plunge the part to be tempered
into cold water uneif a dark scraw color has moved down from the heated portion.
For cold chisels, center punches, and rivet sets, wait until a purple color has moved
down from the heated portion. For such items as screwdrivers, springs, gears,
picks, and saws, wait until a blue color has moved down from the heated portion,
Because of the variance in quality of steel in the items mentioned, the desired
temper mav "ot be obtained by following the preceding directions. If this occurs,
the process may be repeated, allowing the portion to be tempered to cool more or
less as previous experience indicates.

Bending Stock--One of the important phases of metal work on a farmor in a
nonfarin agricultural business is the bending of materials. Small pieces often may
be bent cold, but some pieces should be heated before they are bent. Eyes and
rings. are made in the following manner:

The stock should be heated until a dull cherry red color is obtained.

Bend the stock to a right angle on an anvil.

When eves are to be made, reheat and bend the end of the stock over the

point of the anvil horn, Strike the metal wich glancing blows,

When a ring is to be formed, reheat and continue to bend the stock over

the anvil horn until the end reaches the poine where the right angle be-

gan, Reheat whenever necessary,

3. In forming eight angles, first upser the portion of the metd w0 be bene,
The right-angle bends should have sharp corners.

6. B tlat seock bends edgewise or buckles on the curve, the stock should be

bammered flut on the anvil,

e i -

-

Twisting Stock—It is often necessary to twist certain portions of a piece of
stock. This may be done as follows:

Mark the section of che stock 1o be ewisted with a center punch.

Heat che section to be rwisted o a uniform bright red color.,

Place one end of the stock in 2 vise and cdamp it securddy,

Clamp the other end of the stock with & vise-grip wrench and ewise. If
some portion of the stock twises too rapidly, cool it with a lirtle water.,

5. Seraighten the stock with a wooden maller when the twist is completed.

A e

b

Cutting Metal—Hot metal may be cut with a hot chisel, a hardie and a cut-
ter, an oxyacetvlene curting rorch, or an electric arc.

Hot chisels and cuvters are used for cutting hot pieces, which are generally large
and heavy, as follows: '
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[at e

Heat ehe stock o a cherry red color.

. Lay it across the hardie with the mark exactly above the cuteing edge of

the hardie.

3. Place the cutter on the stock directly above the hardie.

Deliver heavy blows o the cutter with a hammer.
Finish the cut by placing the stack over the edge of the anvil and break-
ing it off.

When cutting a light piece of material, often it is ot necessary to use the
cutter. Merely place the stock over the hardie and deliver hammer blows directly
to the stock.

L%

[
2

Squaring—Squaring may be done as follows;

[ Mark the pivce (o be squared with a file, using a sceel square.
» Hear the prece w a -herry red color. Only a small portion should be

. Rebear w a cherry red color it the piece becomes cool before it is

Drawing-Out—When a piece of iron or steel is pounded so that it is longer
and smaller in diameter, it is said to be drawn out. This is accomplished as follows:

. Heat the stock 1o a white beat.

- Place the stock over the anvil horn and bammor with slight, glancing
blows.
Turn the stock while hammering so it will be hammered evenly on all

3.

(Countesy College of Agriculiure. University of Nebraska)
Fig. 15.5. Culting a piece of steel with an anvil and 3 hardie,

heared; otherwise the piece may enlarge when it is struck on its end.
Place the piece over ap anvil, and hammer it. Be sure that the face of the
hammer falls parallel with che face of the anvil.

Continue to hammer, turning the piece, if aecessary, until it is square.

squares).

sides,
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4. Hammer the stock square, then graduatly make it round by first changing
it wo an octagon shape. Then round the corners of the octagon.

5. Finish the stock on the flat face of the anvil.

6. Reheat the stock as necessary.

¥f the stock is to be drawn out to a point, the end should first be made blunt
and slightly enlarged. Otherwise the drawing-out may cause the stock to become
too small just back of the poiat. To blunt and enlarge the end co be drawn 0 a
point, apply heat to this end of the picce of stock and place it againse the edge of
the zavil. Then hammer on the opposite end. The stock is now ready to be re-
heated and hammered to a point.

If the stock is to be deawn out hurriedly, place the heated stock over the horn
of the anvil, strike a heavy blow, move slightly, then strike again. Continue this
process as many times as necessary. The notches are then hammered out.

Upsetting—When a piece of iron is 0o long or too small, it may be made
shorter or thicker by upsetting, as follows:

[. Heat the portion of the stock o be enlarged to a white hear.

Place che stock on the anvil in a perpendicular position, forming right
angles to the face of the anvil to prevent the stock from bending. See
skewch I, Fig. t5.6.

L&

3. Strike the cold end of the stock with hard blows. 1f the stock bends, place
it aver che aavil and straighten it See sketches 2 and 3, Fig. 15.0.
- 5 ’
. Finished  Piece
f
3
- w
l\ Anvil I'— K
i \{ a
r——y - ——
;é Anvll
3
_4_'_ —_—

{Coyrtesy Cologe of Agriculture, Univtrsily of Nebraska)

Fig. 15.6. Upsetting.
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If the stock becomes too large on the end, cool the end in water. Then place
the piece vertically on the anvil and strike the unheated end; this will cause the
piece to enfaige just back of the end which has been heated. See sketches 4 and 5,
Fig. 15.6.

if the stock is to be enlarged several inches from one end, heat the stock and
coo! all of it bue the portion to be enlarged.

Punching Holes—Holes may be made in metal by punching, drilling, or cutc-
ting with oxyacetyiene or eiectric arc welders. Drilling is usually the most satisfac-
tory procedure to use in agricultural mechanics, but there may be times when it is
necessary to make a hole with a punch. The procedure used to punch holes is as
follows:

1. Mark the piece carefully with  file or scratch awl and wicth a square by
crossing two fine lines at the point where the hole is o be made.

2. Heat the stock w0 a hrighe red color and lay it over the pritchel hole in
the face of the anvil,

3. Drive a hole aboue onethird to three-fourths of the way through the
stock with a poinied punch.

4. Turen the stock over and drive the punch thmup.h from the mher side.
This will produce a smooth edge on borh sides of the stock. I necessary,
the punch should be withdrawn and cooled occasionally to prevent the
drawing of the hele.

t||“~""""

(Courfesy Linde Air Products Ce.)

Fig. 15.7. Quanshing.




CHAPTER 16

Working Cold Metal

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

I. What eperations can be performed in working cold meral?

2. How is stock marked, bent, cur, drilled, and punched in cold mezal work?

3. How are threads cut on bolts and nuts?

4. What methods are used in riveting?

It is possible to work metal cold if the metal is of the righe kind and size, If a
metal stock permits, it is often more economical and convenient to work it cold.
See Chaprer 13 for a discussion of different kinds of metals, their uses, cheir
characteriseics, and their identification.

Marking Metal—Metal often needs to be marked for cutcing, welding, bend-
ing, and drilling. Marks for holes to be drilled are made with a center punch, Lines
on metal are made with a scriber, which is 2 sharp-pointed tool. A sharp prick
punch may also be used for marking metal.

Bending—Light pieces of mertal can often be bent cold. A vise is used in
bending metal rods and bars. If a heavy piece of strap iron is to be bent cold, clamp
it in a machinist’s or blacksmith's vise of adequate size. Slip a piece of pipe over
the strap iron to provide leverage. The bend can also be made by hammering after
the piece of strap iron has been clamped in the vise.

A sharp bend in a picce of serap iron can be made by clamping it in a vise
againsi a piece of round stock. Then hammer or pull che piece of strap iron around
the piece of round stock. A large bend can be made in a piece of strap iron by
placing it between the jaws of a vise, but do not clamp the jaws against the piece of
strap iron. Slip rhe piece down between the jaws of the vise as i is bent, This

process will produce a large gradual bend.

Cutting—Cold metal may be cur with a hacksaw, a bolt cutter, or a cold
chisel.
A backsaw is used as follows:

. Fasten the blade into the hacksaw frame with the teeth pointing away

from the handle of the saw. Make sure that the blade is fastened securely
so thae it wil! not twist and break.
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Fig. 16.1. To make a farge bend, slip the materlal down belwean the jaws of the vise

as you bend it.

i

-

0.

See also Chaprer 4, “Selecting and Using Hand and Power Tools,” for a dis-

Use a blade wieh 16 to 18 reeth to the inch unless thin metal 15 being
suwed, Thin meral requires o blade with more weeth w the inch,

Mark the ssock ar the poine ar which ic s to be cur,

Plice the stovk in the vise, with the mark close o the paws, and clamp it
securcly, Sawing close to the jaws of @ vise makes the sawing vasier, bu-
cause the pece 1s beld firmbe and does not spring back and forth.

Cue o norch ar the mark with o Ble. Ths will belpin getting the saw
started i the proper phice.

Appiy slight pressure on the forward scrokes of the hacksaw, and release
the pressure on the recurn strokes to insure proper cutting and to fessen
the dunger of breaking the blude of the saw.

Run rhe saw evenly, using long strokes, with all the weeth cutting o pre-
vent wear on e small portion of the blade, thus shortening the lite of the
blade.

cussion of the correct use of hacksaws.
A bolt cutier can be used to cut small picces of iron quickly and easily.

A cold chivel is frequently used to cur cold meral. [n cutting cold metal with a

cotd chisel, use the following procedure:

1. Place the stock on an anvil.
2. Cur a groove entirely around the stock.
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Fig. 16.2. Bolt cuttec.

3. Place the cue portion of the stock over the edge of the anvil and break it
off.

See also Chapter 4 for a discussion of how to use cold chisels.

Filing—S8mall amounts of metal may be removed where needed wich a file.
See Chapter 4 for a discussion of the correcr use of a file and a discussion of filing
techniques,

Center Punching—Holes to be drilled may be marked with a center punch.
Accurate drilling is not possible when holes to be drilled are not marked ade-
quately with a center punch.

Before using 2 center punch, mark the location of a hole with a scriber. Use
two crossed lines to mark the location for the point of the center punch. Place the
point at the intersection of the crossed lines and give the punch a light blow with a
hammer. Inspect the mark made to determine whether or not it is located in the
right place. If it is, give the punch two or three heavy blows to deepen the mark. If
the center punch mark is not in the right place, hammer out the mark with a
bail-peen hammer and start over.

Drilling-——Holes may be made in metal with a drill bit. Drilling may be done

with 2 hand drill, 2 portable power drill, or a drill press.
The procedure for using a drill press is as follows:

t. Mark the location of the hole with a center punch.

2. Place the stock on a wooden block on che drill stand.

3. Feed the drill bir down to the center of the mark and stare drilling.

4. Raise the bir to Jetermine whether o not the hole is started in the
proper place.

5. Re-mark the location of the hole if the hole is not started in the correct
location.

0. Stare che drifl, using the automatic feed. Put 2 small amount of oil on the
drill bir, zbout 2 t0 3 inches above the work.

7. Clamp the stock securely to prevent it ftom spinming as ihe
through rhe metal and into the wood.

fle mrrem
UL LUy

See also Chapter 4 for a discussion of the use of hand drills, portable power
drills, and drill presses.

Punching Holes—For a discussion of the use of punches for punching holes
in sheet metal, see Chapter 4.
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Tapping and Threading—A common metalworking job in agricultural
mechanics is the cutting of threads on bolts and nuts. Taps and dies are used for
thread cutting. A eap is used for cutting the threads in nuts, and a die is used for
cutting the threads on bolts. Care must be used in selecting the proper size of taps
and dies for the job 1o be donc. There are three classifications of threads—
National coarse, National fine, and Nartional special. Taps and dies have their sizes
and classifications stamped on them. Bolts and rods should have the same diameter
as the die size used to cut threads on them. Tap drills are usually stamped with
their size or number on the shank. Sometimes smaller drills are too small to stamp,
and their sizes can be determined with a steel stand or a gauge plate. Table 16.1
lists the tap drill sizes for bolt threads.

Table 16.1—Thraads per inch and Tap Drill Sizes for Bolt Threads

National Coarse Nationa! Flne
Sixe of Theeads Tap Dl Threads Tap O}
per inth Slze per lach Slze
Y —_ _— 80 g4
[ 04 53 72 53
2 56 5O 64 50
3 it 47 %6 45
% 0 43 48 42 (M)
5 40 38 44 37 (la)®
6 32 36 40 33
8 32 29 - 36 29
(3 24 25 32 21 (3fr2)*
12 24 16 28 14 (*18)
i 20 T (%50 28 3 (*fs)*
i 8 Fdione 24 I (%fes)*
¥ 16 LT 24 Q (31s:)*
i 14 U ¢*3fua)* 20 3y
" 13 7 20 gy
™ 12 s 18 13fa,
o 13 s I8 Mfya
e 10 M 16 e
Ty 9 Wy 14 3 \a
i 8 fu 14 L m

*Approximate size—in most cases a teifle oversize,

Fig. 16.3. Bolt and screw threading diestocks, adjustable split dies, taps, and tap
wrenches.
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Threading Bolts

. Place the rod in a perpendicular position in a vise and clamp securely.

. File off any projections on the end of the rod or bolg, slightly tapering it.

. Select the proper size of die.

. Place the die squarely on the rod or bolt and apply pressure evenly as the
Jie is turned.

e Sl )

Fig. 16.4. Using a die fo cut outside threads on round stock.

COM
CHAMFER CENTER LINE

Fig. 16.5. The comect position of the diestack in relation to the chamiered end of the
work when oxternal threads are cul.

" Fig.16.6. A strew pitch gauge lo measute exiomnai or internal threads per inch.
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3. Apply oil so that the die will run in oil while catting.
6. Move the die back and forth so the chips of mecal will fall our.
7. Remove the die by turning it counterclockwise after the required number

of threads are made.

1

R

A~-GASING SINGLE
PITCH EXTERNAL
THREAD

8~GAGING DOUBLE
PITCH EXTERNAL
THREAD

C~GAGING INTERNAL
THREAD

PLUG HAND—NATIONAL
COARSE
CHAMFER
LENGTH

BOTTOMING HAND

3. Taps. The tapar tap is used for siarting the threading of holes. The plug tap
for ase: after the iaper tap is used. The botioming 18p is used 1o ivead the
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TAP WRENCH

SQUARE
£

Fig. 16.9. Use a square to determine whether or not the t2p is square with the work.

p-—OHIPs

Fig. 16.10, Use a wire to clear chips from the flute of a tap.

INTERNAL~-32 TPI

Fig. 16.11. Thread chasers are used on damaged threads. They have several teeth.
and the process of rethreading damaged threads is termed chasing.
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Threading Nuts

MECHANICS IN AGRICULTURE

1. Select the proper size of tap, and place it in the tap wrench.

2. Blace the nut in a vise and clamp securely.

3. Phice the tap straight up and down in the ner and curn stowly, using a

slight pressure.

4. Apply il if cutting hard metal such as steel. Other materials do not ordi-

nariy reqguire ol

3. ‘Furn the tap torwaed two quarter turns, Then back it up one quarter tuen

to breok up the chips.

6. Remove the wp by turaing it counterclockwise when the theeads are cue.

Riveting—-When two pieces of metal cannot be weided satistactorily, they are
often riveted together. Rivets are used for many agricultural jobs. Riveting may be
done with e¢ither cold or hot rivers. Hot rivers make a stronger union because they
conrract when they ool, which draws the joint rogether. Consequently, where
possible, it is best to use hot rivess. The following procedure may be used for

riveting with either hot or cold rivets:

I. Mike holes of the size desired.

2. Selece rivers which are slighely targer than the holes so that they will fie
stpgly, The rivets should extend Ly to 15 inch beyond the pieces being
riveted.

—p

Fig. 16.13. The riveting technique 1o use with large riveis.
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tnseer the eivets and place the heads on the face of the anvil. If hot eivets
are ysed, they should be heated to a bright red color.

Place the washers on the rivets if washers are used.

Beliver severat blows to the ceater of the river, first with the peen of the
hammer, then with the face of the hammer, uatil the pieces are closely
nmieed. nowssig fea rivers the blows must be fairly rapid.

Round the edges of the head and finish to an oval shape.

Use a siver set to obtain & smooth finish.
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SHEET METAL WORK

Student Abilities to Be Developed

. Ability to appreciate the importance of sheet metal work on the farm and in

nonfarm agricultural businesses.

Ability to cur, bend, and fasten sheet meral.

Ability t¢ operate an LP gas torch and to tin coppers.
Ability co solder.

Ability to construct or repair sheet metal projects.




CHAPTER 17

Cutting, Bending, and Fastening
Sheet Metal

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

t. How and where is sheet metal used on farms and in nonfarm agricultural
busiaesses?

How and with what equipment is sheet metal cur?

How is sheer metal bent and shaped?

How are picces of sheet metal fastened together?

de i b

USES AND IMPORTANCE OF SHEET METAL
Sheet metal is used in agriculture in many ways, such as for:

Roofing

Purts of farm machinery
Trailer and cruck beds
Utensils, pails, pots, ana pans
Grain clevators

6. Safery guards

7. Car, rruck, and eraceor bodies
8. Grain bins

9. Water tanks

10, Mecal furniture

L. Guttering and tlashing

W s b T e

The use of sheer metal increases the speed of manufacture of many machines
used in agriculeure.

Ability to cut, bend, and fasten sheet metal is important because a farmer or a
nonfarm agricultural worker frequentdy needs to replace or repair a guard or
another part of a machine made of sheet meral.

CUTTING AND PUNCHING

Before sheet metal is cur, it should be marked. Marking may be done with any
sharp-pointed tool such as an awl.

287
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Sheet metal is cut with a (1) hacksaw, (2) cold chisel, (3) metal snip, (4) double
cutting shear, or (3} bench shear. It may also be cut with welding equipment,
oxvacetvlene or eleceric.

The meeal snip is probably the ool most frequently used in cuteing sheet
metal. A metal snip works like a pair of scissors. It is used to cut chin and soft
metal of 20 gauge or less. Metal snips are of two types, straight snip and scroll
saip. The scroll soip is used to cue curves. Aviation snips have compound leverage
action, thus delivering more cutting power.

{Courtesy Peck. Stow 4nd Wilcox Co.. Southington. Conn.)

fig. 17.1. Teols used in cutiing, beading, and fastening shee! metar; (1} matal snip,
(2) serolt snip, (3) doubls cutting shear, (4) bench shear, (5} setling hammer, (6) riveling
hammer, (7) hand ssamer, (8) rivet set, (9) scratch awl, (10) solld gunch, and (11) coid
chisei.

A double cutting shear has three blades. It is used for jobs such as cutting
sheer metal pipes (for exampie, furnace pipes and guttering pipes).

A bench shear is a large shear, 2 to 4 feet long. It is designed o cut heavier-
gauge sheet meral, 22 to 16 gauge. When it is used, one handle is fastened in a
vise. The other is moved up and down to cut the metal as it is moved forward into
the shear.

In using metal snips, place the metal as far back as possible in the snip. Cur
almost to the tip of the snips and then move the snips forward. Not taking a full
cur each time avoids nicks. To stay on a marked line in cutting, place the upper
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8 4

(Courtesy Pack, Stow and Wilcox Co., Sauthinglon, Conn.)

Fig. 11.2. A tinner's bench plate and stakes: (1) bench plate, (2) hatchet sizke,
{3) biow hom stake, and (4) beakhorn stake,

blade over the line. Bend the two pieces of sheet metal apart slightly during the
cutting process co prevent the snips from binding.

Cold chisels are often used to cut heavy sheet metal. The meal is clamped in a
vise and is sheared with a cold chisel. The chisel is held so that the vize jaw and the
chisel act as a pair of shears. In cutting a hole in sheet mecal, use a parrow chisel so
that the cut will follow the line closely. '

For a discussion of the procedures to follow in using a hacksaw to cut sheet
metal, consult Chapter 4, “Selecting and Using Hand and Power Tools.” For a
discussion of cutting metal with an oxyacetylene welder or an electric arc welder,
consult Chapters 13 and 14.

A punch is often used to punch holes in sheet metal. Either a solid or hollow
punch may be used. The metal should be placed on a solid block of wood for
punching,

{Courfesy Staniey Tools)
Fig. 17.3. A desirable method of shearing theet metal.
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{Courtesy Stanley Tools)

Fig. 17.4. Cutliog a hale in sheat metal with a cold chisel. Be sure to wear salety
gisssas.

BENDING SHEET METAL

Sheer metal is beat in constructing new sheet mecal parts for machines, in
constructing sheet meeal equipment, and in patching or repairing the sheet metal
parts of machines. Often in these operations it is necessary to bend sheet metal to:

k. make 2 fem to stiffen the edge of the metal and to remove the sharp
edges, or
2. form a seam to join two pieces of metal and to make square corners.

A simple bem is made by folding over an edge of a piece of sheet meral. If a
stronger hem is desired, the edge may be folded over twice. This is called a dowble
kbem. Several types of anvils are used in bending metal. They are called stakes. The

{Couyrtesy Stanity Tools)
Fig. 17.5. Dressing metal arzund a wire to make a reinforced wire edge.
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{Courtesy Staniey Toals}
Fig. 17.6. Peening the edge around a wire tg finish a reinlorced wire adge.

hatchet stake is used for making simple and double hems. A bench plate is needed
for holding the stakes when they are used. The folds may also be made over the
edge of a bench, an anvil, an iron bar, or a piece of hard wood if a hatchet stake is
not available. .

A wire hem may be made by folding the metal over a wire. In making rhis
type of hem, first make a round bend or fold on a round tinner's stake. Place a
wire in the fold and tap the metal around the wire with a serting hammer. A tinner
would use 2 bar folding machine to make the round bend, but it is not practical to
have the larger pieces of tinners’ equipment on farms and in most nonfarm agricul-
tural businesses.

A simple seam is made by hooking two simple hems together and locking them
with a hand seamer. This type of seam is often called a lock joint. If a hand seamer
is not available, the hems may be hammered togecher with a wooden mallet.

FASTENING SHEET METAL

Sheet metal is fastened wicth hook joinrs, special screws, and rivets, and by
welding and soldering. Soldering processes are described in the following chapter.
Welding of sheet metal is described in Chapters 12 and 14.

Self-tapping screws may be used to fasten sheet meral together. A lap joint is
used, and a small hole is made with a punch or sharp-pointed tool. The hole should
be smaller than the screws to be used. The screws cut threads in the sheet metal as
they are screwed into the meral with 2 screwdriver. Screws are used to fasten
light-gauge metals. They are often used for fastening sheet metal when the pieces
may need to be taken apart later. If a very tight joint is desired, some other
method of fastening should be used, such as riveting or welding.
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Rivets are often used to fasten sheet metal, because riveting is easy to do and
few tools are necessary. A rivet can be used to punch its own hole if it is placed on
a solid object such as an anvil. The metal is driven onto the rivet. A rivet set is
often used in riveting heavy sheet metal. A rivet set may be homemade by taking a
bar of steel and drilling a hole in it. An oval should also be drilled into the bar for
use in formiag round heads on the rivets. If a rivet set is not available, the holes
may be punched or drilled.

In hammering a rivet, use 2 medium-weight hammer. Do not hammer too
hard or too long. If straight blows are not used, the rivet may be bent. If this
happens, it is necessary to use a new rivet.

Holes in utensils and agateware can often be filled with rivets when the sur-
rounding metal is of a quality to warrant the procedure. When copper rivets are
used for the patching of holes, the following procedure is recommended:

L. Round out the hole to be riveted with the tang of a file.

2. Clean the surface around the hole in preparation for soldering. Grease
may be removed with a cleaning solvent.

3. Inserr a soft copper rivet that fits very snugly in the hole, and clip it 1o
the correce length.

4. Drive the rivet in solidly and, with a burr (washer) placed on the poine
side, hammer che river firmly in place.

5. Solder over the rivet to smooth and finish the job.




CHAPTER 18

Soldering

TYPICAL PROBLEAMS AND CONCERNS
OF STUDENTS

. What is soldering?

. What is flux, and how is it used?

How should heat be provided?

. How should soldering irons be tinned?

What other equipment is necessary for soldering?

. How should solder be applied?

. How should a small hole be soldered? A large hole?

What is meant by sweating a pacch, and how is it accomplished?
What materials other than sheet metal may need soldering?
How r:av each of these materials be soldered?

N I i

L

INTRODUCTION

Soldering is the process of uniting two pieces of metal by means of a metal
alfoy having a lower melting point than the merals to be joined. Solder is usually
termed “half and half” or "50-50,” meaning half tin and half lead. Solder may be
secure 1 in a base or wire form, The latter may be solid, acid core, or rosin core.

SELECTING AND USING SOLDERING EQUIPMENT

Flux and Its Use—Flux is a substance used to destroy the oxide (the com-
pound of oxygen and the basic elements in the metal) in the piece to be soldered
and to clean the surface to be tinned. Flux helps solder to stick to the metal. There
are many soldering fluxes which may be used, but zinc chloride is the best flux for
most soldering jobs on farms and ir: nonfarm agricultural businesses. Zinc chloride
will work on most metals. The following shows the common fluxes, listed after the
metais for which they are recommended:

BT 0 T PP Rosin
Galvanized jron .............. Hydrochloric (muriatic) acid, zinc chloride
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Black iR .. .ovinnnin ettt annaiaieaas Powdered sal ammoniac
Copperand brass ............. ...t Clean mechanically, sal ammoniac

........................................ Tallow, zinc chloride
Eleettic WiHBE ... covviniiinaiiiiinneaiitisnennnainnnsn Special fluxes
Sheet metal roefs ............ Hydrochloric (muriatic} acid, zinc chloride
ZiNE i iiriaiiiaaae Dilute muriatic acid or commercial paste
Copper tubing .. .. .oiveiiiiiiii it Commercial paste

Heat for Soldering-—-Heat for soldering can be secured in various ways:

I. A propane torch is a very convenient heat for soldering.
2. Electrically heared soldering irons are satisfactory.

3. A gas furnace may be used.

4. An electric welder may be used.

5. An oxyacetylene welding outfit may be used.

. .:“_\1:.2' CARBON SOLOER
k%
o ~

O AN

Q;

4 GROUND

(Countesy The Lincoin Eleciric Co.)

Fig. 18.1. Use of = walder fcr soldering. Short carbon against the work to heat the
iocal ares for soldaring.

Propane Torch—The propane torch is a convenient source of heart for soldet-
ing (Fig. 18.2). It provides sufficient heat for most soft soldering jobs. The pro-
pane torch is convenient to move because of its small size and light weight. The
heat is immediately available without a prolonged warm-up. There are no objec-
tionable odors from the flame. A propane torch is easy to operate and may be used
outdoors or indoors. No carbon, soot, and smoke are produced, and a propane
torch will operate in the wind.

In lighting a propane torch, light a match and let it butn until a full flame is
produced. Then fully open the valve on the torch. Hold the match to the burner as
shown in Fig. 18.3. After the torch is lit, adjust the valve until the desired flame is
obtained. Allow the torch to warm up before operating it in an inverted position.

Nonelectric Soldering Irons—Soldering irons are made of copper, and con-
sequently are calied soldering coppers. They are used for melting and appiving the
solder. Coppers are usually sold in pairs, because it is often necessary to have one
heating while the other one is being used. A 2- or 3-pound pair of coppers is the
best size for most soldering jobs. Smaller sizes are more convenient, however, for
some jobs. The small-size coppers do not hold heat for a very long time,

Electric Soidering Irons—Electric soldering irons are available in 100-, 200-,
and 350-wart sizes. The 100-wart electric soldering iron is recommended for elec-
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Fig. 18.3. Lighting a propane torch.

trical work and for most home soldering, The 200-watt iron is recommended for
heavy work. The 350-watr iron is recommended for very heavy, rugged work.
Various size tips arc available for electric soldering irons. An electric soldering
iron should be equipped with a thermostatic control. An iron with a thermostatic
control may be left on without becoming too hot for soldering,

Electric Soldering Gun—The gun produces an intense hear at the point of
application to the metal being soldered. The soldering gun is well adapted to the
soldering of small parts or to the confinement of heat arplication to a small area. It
may be used when there is a flame hazard. Frequently it may be used when the
part to be soldered is inaccessibie for a soldering iron.
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HUG1YPE TP
SCREW-1Y0E TiF

Fig. 18.5. An aiectric soldering gun.

Tinning—A soldering iron must be tinned before it will pick up and run
solder properly, Tinning is the coating of the four faces of a soldering iron with
solder. k 1s done 2s follows:

I. Heatr to a cherry red color, then file cach face watil it is smooth and
brigh. If a face is pitted, carefully hammer it until it is smooth.
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Fig. 18.6. Tinning 2 nonalectric solderiag iron.

)

Rubr with or dip intwe sal ammomac or resin fux 0 make the solder
adhere o i

hp into zise chioride flux.

Melt sobder into a brick which has a depression chiseled into it

Rub the heated soldering iron buck and torch through the moleen solder,
Wipe oft excess solder with a damp cloth,

I A

Retinning—After a soldering iron has been tinned, it is not necessary to file
the surface of the faces every time retinning is necessary. Retinning is done as
follows:

Mele some solder into a groove or hollow place chiseled into a brick.
Heat the soldering iron, and dip it into a zince chloride flux solution or
rub the four faces on a sal ammoniac block,

3. Rub the tip of the soldering iron back and forth through the solder in the
brick. The brick helps wo polish the iron,

£ o

Each time before beginning to solder, examine the soldering irons to see
whether or net they are clean and properly rinned.

Essential Soldering Equipment—The most frequently used soldering
equipment is as follows: kaife for scraping, emery cloth for smoothing and finish-
ing, sal ammoniac for keeping the soldering iron in good condition, cotron waste,
pliers, file, river set, tin snips, tinner's hammers, soldering iron, solder, flux, hol-
lowed brick, brush for applying flux, and propane torch.

SOLDERING

Imporiance of Proper Preparation of Pieces for Soldering—Much of the
success of soldering depends upon the preparation of the pieces to be soldered.
Dirty or rusty pieces cannot be soldered successfully; neither can pieces which do
not fit together. All pieces should be fitted together closely and cleaned well be-
fore soldering is attempted. The proper flux must be selected and applied.

Essentials for Good Results in Soldering—To obtain good results, provide
the following:
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b A clear, hot source of heat

. A het, well tinaed soldering iron

Thoroughly cleaned merals to be soldered

. A proper, good-quality flux

Mecal heated enough to prevead the solder from “setting” too quickly
Solder well “sweated™ nto the joint

Cleaning Metal for Soldering—The surface of any metal to be soldered
should be cleaned until bright. This may be done by scraping, filing, grinding, or
sandpapering. New metal may be cleaned by using emery cloth or sandpaper. Old
metal may be cleaned as follows:

Remove grease (it any) with a safe hquid solvent.
File or grind until clean.

Appi; muriatic ackd.

Rub with sandpaper.

Wash with water to remove the acid.

Apply the proper flux.

Muriatic Acid as a Cleaner of Metal—Mutriatic acid is often used in clean.
ing metal thae is rusty, but it should be removed with water before the solder is
applied, to stop its action on the metal. Removal of the acid should precede the
application of the flux, or the metal may rust under tne solder. After the muriatic
acid is applied, the rust should be removed with a wire brush or with sandpaper.

Applying Flux—Flux should be applied after the metal is cleaned and just
before soldering to help the solder stick. It may be applied with a small swab, A
bottle containing an acid flux should be kept corked with a glass stopper when not
in use.

Correct Heat Essential-—Ability to determine when a soldering copper or a
soldering iron is heated sufficiently can be acquired only through experience. A
beginner can tell best by applying the soldering iron to solder. If the solder melts
readily and scicks, the correct heat has probably been reached. Soldering irons
must be hot; otherwise, it is impossible to run and apply the solder properly.
Insufficient heat often reduces the durability of a soldered joint. However, too
much heat should be avoided, or the solder will be burned.

Applying Solder—The first essential in applying solder is to heat the metal
to the melting point of the sclder with a clean, hot, well tinned soldering iron.
Studeats often use an excessive amount of soider, which produces an unattractive
piece of work. Soider should be applied as follows:

Heat the soldzring iron and dip it in flux.

Place it against the solder, causing a litcle solder to stick to it.

Apply the point to the parts to be soldered. The point only should be
used; otherwise, too much solder will be applied.

Allow sufficient time for heating the metal as the solder is applied. In
some cases, the bar of solder may be held against the soldering iron,
which causes it to melt and run dows to the metal being soldered. (Care
must be taken not to use an excessive amount of solder.)

S RS
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Sweating on a Patch—Sometimes holes in metal are repaired by sweating on
a patch. The procedure is as follows:

er

. Cut & parch slightly larger than che hole ro Le soldered.

2. Clean the parch on one side.

3. Trim alf ragged edges from the hole.

4. Apply suitable flux to the surface around the hole and o the clean side
of the paech,

5. Pick up a smalf amoune of solder on the end of the soldering iron and

2pply a thin coat of solder around the hole and to the clean side of the

pach.

Place the tinned side of the patch over the hole.

. Hold the patch firmly in place and apply hear to the parch. Heat ic until

the solder under the patch has melted.

8 Move the soldering iron around the patch untit hear has been <pplied to
the entire patch.

9. Hold the patch in position until the sokder is cool.

(2. Apply solder around the edges of the patch.

SR

Soldering Ho'es—Soldering holes in metal is more difficult than merely sol-
dering ewo surfaces together, but with a lietle experience satisfactory results can be
obrained. Use the following procedure in soldering small hioles:

. Clean the surface around the hole thoroughly with sandpaper.

Apply the proper fluk. :

Fick up a small amount of sokder on the end of the soldering iron,

Apply a coat of solder around the hole.

Be sure to bring the temperature of the metal to the temperature of ehe

melted solder.

&. Move the soldering iton around the hole, thus filling che hois with sol-
der. .

7. Polish off the excess solder after it has cooled,

(Courtesy Linte Air Produtts Co.)

Fig. 18.7. Uiensils with amall holes may be repaired by seldering.
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(‘apper Rsvet

Batom of Pait
or Washboiter

A. Fit Rivet Snugly in Hole

- Qutside Surface

i

C‘apper Rivet

of FPail
0%’5%@#!)0//%’

8. Peen Rivet Over Qutside

(7T T

Somer Rivef

€. Solder Around and Over
Bath Ends of Rivet

(Gaurteay Linde Air Products Co.}

Fig. 18.8. A medium-size hale may be plugged with a copper rivel and soldered as
shown,

Soldering Various Metals

There are several metals which farmers or workers in nonfarm agricultural
businesses may need to solder. These metals are as follows:

. Tin

Galvanized iron
Copper

. Cast iron

. Enamelware
Zinc

. Lead pipe

OGN WA R e N

Soldering Tin—Follow the techniques in preceding paragraphs relating to
soldering all merals. The following generalized steps are recommended:
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Clean the surface thoroughly.
Use rosin as « flux.
Apply solder.

‘i Fag ox
Eali e

Soldering Galvanized Iron—The general procedure for soldering galvanized
tron is as follows:

1. Clean the surface to be soldered by sanding or sceaping.
Apply muriatic acid (flux) o the surface.

Apply solder.

4. Repeat until welt soldered.

NNV N
faal

lin and Sweat
Before Saldering
Afmg fages ;

Solder Here

Tin and Sweaf
Gefore Soldering
A/ongt Edge.s 74

Solder Herm

Wd'l/ wfw.v//w‘ 2NN
SR

Sweat Overlap
Before S o/dering [ Solder Here
~ Along Edges

\\‘{\.\\\\\\\‘

NN \\_\\\\\\\h\\\\\
W g A A,

(Courtesy Linga Air Products £o.)

Fig. 18.9. The three lap joints frequently soldered when you work with light sheet
metal.

Soldering Copper—The following procedure is recommended:
L. Clean the surface choroughly.

2. Apply powdered sal ammoniac or commercial pasce.
3. Apply solder, covering the surface first with 2 thin layer of solder.

Soldering Cast Iron—Use the same procedure as given for enamelware,
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A Twist Wire Ends and Flux

8. Solder the Splice

Salder e

C. Flow Solder Info Alf Spaces
(Courtesy Linde Aif Products Co.)
Fiy. 18.10. Soidaring sn slettrical splice.
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Fig. 16.11. A pan that may bs used for small hardware supplles. The seams a8
soldered. .

Soldering Enamelware—Proceed as foliows:

1. Remove enamel around the hole.
2. Clean the surface thoroughly.

3. Apply zinc chloride flux.

4. Apply solder.

Soldering Zinc—Use the following procedure:

i. Clean thoroughly.
2. Apply diluted muriatic acid.
3. Apply solder, covering the surface with a thin layer first,
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Soldering Lead Pipe—Proceed as follows:

. Clean tharoughly.
. Apply tallow flux immediately.
. Apply solder.

G fad e
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ROPE AND LEATHER WORK

Student Abilities to Be Developed

. Ability to select the kinds and sizes of ropes suitable for the particular needs of

farms, nonfarm agriculcural businesses, and other businesses associated with the
care and utilization of plants and animals.

. Ability to handle and care for rope so as to get the maximum service from it.

Ability to finish the end of 2 rope.

Ability to make and to use che knots, hitches, and slings that are most helpful in
working with plants and animals and their products.

Ability zo splice a rope.

Ability to make a rope halrer.

Ability to use a block and tackle.

Ability to splice and repair leather.

Ability to clean and oil leather.




CHAPTER 19

Selecting and Using Rope

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

. What are the materials used in making rope?
. How is rope made?
. How is rope sold, and what are the more common sizes?
How do you determine the proper size of rope to use?
What are the precautions to observe in the care of rope?
. What is the advantage of using pulleys, blocks, and tackle?
7. Why is a knowledge of the proper methods of whipping and tying ropes
importane?
8. What are the principal patts of a knot? What is a hitch?
9, Whar are some of the essentials of 2 good knot or hitch?
10. What knots and hirches are used in working with plants and animals and
their products?
I't. How are they made?
12, What are the essentials of a good splice?
13 Whae are the steps involved in making rope splices?
k4. What are the common splices? How are they made and used?
15. How may broken strands in ropes be repaired?
16. What types of rope haiters are frequently used, and how are they made?

-

7. How are slings made?

o h

SELECTING AND CARING FOR ROPE

The Use of Rope in Agriculture—Rope is an essential part of the equip-
ment of most farms and nonfarm agricultural businesses. Many kinds and sizes of
rope are in constant use in agricultural activities. Like any other piece of equip-
ment, the efficiency and economy of rope depend upon suitability as to size and
quality for the purpose for which it is to be used. Knowledge of the important
factors involved in the selection, care, and use of rope, and skill in using and
repairing rope are important in many jobs relating to plants and animals and their
products.

305
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Rope Macterials—Many kinds of fibers may be used for ropes. Cotton makes
a soft, pliable rope, often used for small ropes such as clotheslines and window
cords. Other materials used are hemp, flax, jute, and similar fibers, plus synthetic
fibers such as nylon. Steel cables are in common use on heavy hoisting machinery.
The two most important and most frequently used materials for the ropes used in
agricaleure have been manila and sisal.

In recent years synthetic fiber ropes have been used with increasing fre-
quency, especially for certain purposes. Synthetic fiber ropes are usually stronger
than narural fiber ropes. Mylon or dacron rope is especially useful in wet condi-
tons. It will aot rot or mildew, and it does not absorb water. It is often used for
lariats, towlines, and starter ropes. Oils, solvents, and alkalies do not damage aylon
rope. Dacron rope resists damage from heat, insects, and acids. Glass fiber rope
resists damage from high temperatures, and polyethylene rope floats in water.

Rope is also made from steel wires wound on a core made of fiber or small
wire. Wire rope exceeds all other types of rope in strength. It is often used as a
pare of ageicubtural machinery. ’

Manila ripe is made from the fibers of the abaca plant, which is 2 native plant
of the Philippine Islands. The plant grows from 15 to 20 feet tall with stems and
leaves resembling a banana plant. The stalks have marty thread-like fibers like the
strings ia celery. After the pulpy part of the stalk has been scraped awvay, these
long fibers are given a special trearment and then twisted into yarns and made into
rope. Mantila rope is usually considered to be better than sisal rope, being softer,
more pliable, and stronger. However, it is usually more expensive.

Sisal rope is made of cthe fibers from the long, pointed leaves of a cactus-like
plant which is extensively grown for this purpose in Mexico, especially in the
Yucatan. Most “"binder twine” is made of sisal.

There are many grades and qualities of rope manufactured from boch manila
and sisal fibers which sell at varying prices and which may be expected to give
varying degrees of service.

Construction of Rope—By unraveling the end of a rope, it is possible to see
how it is constructed. The fibers, after being oiled and specially prepared, have
been twisted together loasely with a clockwise twist to form yerns similar to binder
twine. A number of yarns are then twisted together with a counterclockwise rwist
to form strands. Three or four of these strands are then twisted together in a
clockwise direction to form a rope. This twisting holds the fibers together and
gives the rope strengrh. Since each twist is in an opposite direction, the rope does
not untwist or unravel when it is used. A very hard-twisted rope is heavy and stiff.
It may have a tendency 1o kink, and it is difficult to splice and handle. Most of the
rope used in agriculture is composed of three strands put together with a clockwise
twist. It is called “hauser-laid” rope. A “shroud-laid” rope contains four strands. A
core or strand runs through the middle of it.

Weight and Strength of Rope—Rope is sold by weight. Tables 19.1 and
19.2 have been prepared to show facts regarding rope weights and strengths.
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Table 19.1—Facts About Threa-Strznd Manila Rope?

Waight of tength of Least
100 Fast Each Pound Breaking Diameter
Diamater of Rope of Rope Sate Load Load of Pulley
(inches) {Pounds) (Ft.=~1n.) {Paunds) (Pounds) {Inches)
Ly 3 33-4 5% 400 2
L 5 20-0 130 Q00 3
L T 13-0 230 1,620 4
%% 13t3 T-6 410 2,880 b
3 1615 6-1 520 3,640 o
s 2323 4-3 775 5,440 7
i 2814 3-6 925 6,480 8
14 45 2-2 1,243 10,120 10
s 63 -6 2,085 14,600 12
2 113 0~ 0 3,600 25,200 16

"Faken from “The Use of Rope on the Farm,” Extension Circular 700, University of Nebraska, Agricultural
College Extension Seevice, Lincola,

Table 19.2—Sate Working Sirength of New Fibar Rope?

e

Workng Strength (Pounds)?
Rope Natyral Fider Synthetic Fiber

Diameter

{laches) Manils Sissl Nylon Dacron  Folyethylens Saran

Y 200 150 400 390 300 150

Ly 440 350 780 745 GO0 300

%% 880 700 1,710 1,355 1,100 620

3 1,080 865 2,000 1,870 1,600 800

i 1,540 i.230 2,700 2,220 2,120 1,140

1 1,800 1440 3,600 3,220 2,800 1,600

‘Taken from Raps on rbe Farm, Farmers Bulletin Wo, 2130, United States Department of Agricuiture.
“Actual breaking serengths are at lease 3 rimes the figures given,

A general rule for computing the approximate breaking strength of manila
rope is as follows:

Square the diameter in inches.
Multiply the product by 7,200.

For example, the breaking strength in pounds of a 14-inch rope could be esti-
mated in this way: 14 X 14 X 7,200 = 450 Ibs. breaking strength. The safe load
may be found by dividing the breaking strength by 7, thus: 450 + 7 = 64 lbs.

Selecting Rope—In selecting rope which will be under heavy strain, such as
lifting hay, use a large safety factor. Tha is, if the load to be lifted is 500 pounds, a
rope should kave a breaking strength of at least 7 times that weight, or 3,500
pounds. For hard, continued use, the best grades of rope are the most economical.
For a halter rope a loosely laid soft rope is desirable because it is flexible, pliable,
and easy to handle.
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Care of Fiber Rope—Natural fiber rope such as manila rope should be kept
in a reasonably dey place. If it becomes wet i use, it should be dried in the sun
hefore it is coiled and put away. The fibers will weaken and loosen if stored wet in
a Jdamp place or if subjected to a great deal of wetting and drying.

Rope should be coiled to the right, the direction in which the strands are laid.
When a long rope or bale is uncoiled, it should be uncoiled in a counterclockwise
direction from che inside of the coil, starting with the end chat was laid down first.
ncoiling rope in a counterclockwise direction from the inside of the coil prevents
kinking and snarbiag. Binder twine will also twist and snarl if uncoiled from the
outside of the ball.

If a rope has a tendency to twist and kink, it can be straightened out by
fastening it co che back of a tractor and dragging it over a grassy field.

An exceptionally hard and stiff natural fiber rope can be made more pliable
and easier to handle by boiling it in water for 15 to 30 minuees, rnen stretching it
out to dey thoroughly. This process decreases the strength of the rope consid-
erably, however. :

Inside wear on a rope may be detected by twisting it open with the hand and
noting the “rope dust” and finely broken pieces of fiber that can be shaken out of
it. Note the condition of the yarns and strands, even though the outside of the
rope may seem e be in good condition,

USING AND HANDLING ROPE

The knots and hitches now generaily recommended for use in agriculture are
the resule of generations of experience in cthe handling of ropes. Many knots and
hitches were Jeveloped by the seafarers on the old sailing ships where ropes were
such an important part of a ship's gear, and necessity required chat ropes be han-
Jled with the greatest possible speed, etficiency, and safety. To develop skill in the
use of ropes and in making the particular type of knot or hitch which is most
suitable for a particular use requires close observation and a grear deal of practice.

Elements of a Knot—The names of the basic parts or elements of knots,
hitches, and bends are (1) the round turn, (2) the loop or open bight, and (3) the
closed loop or true bight. (See Fig. 19.1.)' These terms are used in describing
knots and should be learned.

A hirch is a remporary knot used o fasten a rope around a timber, pipe, or
post in such a manner that it wili hold securely and can be easily unfastened.

Essentials of 2 Good Knot or Hitch—Three requirements of a2 good knot or
hitch are as follows:

I. Rapidity wich which ir can be ted.
2. Ability to hold fast when pulled right,
3. Readiness with which it can be untied.

'Most of the illustrations used in this chaprer are furnished through the courtesy of lowa Stace
University, Ames,
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Fig. 19.1. Elements of knots: left—round tuin, middie—bight, and sight—ioop.

Twe fundamental principles which must be kept in mind by a student have
been given as foltows:

“The principle of a knot is that no two pares which move in the same direc-
tion, if the rope were to slip, should lie along side of and rouch each other.

“A knot or hitch must be s0 devised that the tight part of the rope must bear
on the free end in such a manner as to pinch and hold it, in a knot against another
tight part of the rope, or in a hicch against che object to which the rope is at-
tached.”™

The equipment needed for rope work is a kaife for cutting the rope and a large
nait or a marlinspike for separating the strands. A marlinspike approximartely 4
inches long and *; inch in diameter, tapering to a blunt poinat at one end, may be
whitded from a piece of wood. (See Fig. 19.2.)

Knots and Other Means of Finishing
the End of a Rope

Unless the end of a rope is properly secured, it will soon unravel and become
frayed. An ordinary knor in che end of a rope may be used to preveat unraveling
and fraying, but a koot is inconvenient whea the rope is 1o be passed through a
pulley or ring. An ordinary wrap of the end of a rope with a cord soon loosens and
wears out. A wrap with wire or metal, especially on a halter tie, may result in a bad
cut or tear if the rope is accidentally jerked through the hand. A small amount of
time spent in securing rope ¢nds by one of the methods explained in the following
paragraphs is well worthwhile.

Relaying Loose Ends—If the rope has become untwisted and raveled, the

*Fred D Crawshaw and E. W, Lehmann, Farm Mechanic. Peoria, Hlinois: The Manual Arts Press,
p- 382
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strands should be retwisted and cerefully laid into their proper place again. Hold
the rope with the feft hand just below the point where the unraveling begins. (See
Fig. 19.3.) Take one of the loose steands in the right hand, twist it tighily together
again with a right-hand ewist, and lay it across the other strands from lefe to righe,
holding it in place with che left thumb. Do the same with each of the other strands
in succession, wwisting them tightly and placing them in cheir original positions.
Move the lefr haad along the rope, holding the strands securely in place to prevent
their untwisting, Conrinue vwisting each strand in order, laying each in position a
lirtde at a cime uacil the end of the rope has been relaid. Fasten the end securely by
whipping or some other saitable method.
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A GENERAL RULE TO FOLLOW FOR SIZE OF
MARLINSPIKE IS TO HAVE THE LARGEST
DIAMETER ABOUT THAT OF THE ROPE.

Fig. 19.2. Skeiches of a marlinspike.
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Fig. 19.3. Relaying strands.
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Whipping—Whipping a rope end with a cord is the most satisfactory method
for securing the ends of ropes to be passed through pulleys and for securing the
ends of halter ropes. If properly made, the whipping will last the life of the rope,
will hold the end securely, and will not increase the diameter of the rope. The
following procedure should be followed in whipping the end of a rope (see Figs.
19.4 and 19.5 for illustrations of the process):

t. Selecr a strong medium-weighre cord about 3 feer long.
2. Lay one end of the cord along the rope in such a manner that the cord
extends abour 3 inches beyond the end of the rope /a).
3. Place the other end of the cord along the first, but pointing in the oppo-
site direction (4, the main part of the cord forming a large loop (y).
. Hold with the left hand, as indicated in Fig. 19.4.
. Take the loop in the right hand and begin to wrap the rope over both
cords. Wrap tightly and neatly for 1 to 2 inches.
6. Draw ends o and & tight, pulling the renainder of the loop under the
wrap.
7. Cut off the cnds close to the wrap. The finished end should appear as
shown in Fig. 19.5.

RO =N

Fig. 19.4. The beginning of “whipping.”

<SS

Fig. 19.5. Whigging finished.

Overhand Knot—Used frequently, the overhand knot is simple to make. It
may be used temporarily to keep a rope from unraveling. The overhand kaot also
is the basis for many other types of knots. (See Fig. 19.6.)

Figure-Eight Knot—This knot is used to form a knot on the end of a rope. It
may be used temporarily to prevent unraveling, but its chief use is to serve as a
convenient knob handhold or to prevent ropes from pulling through pulleys or
holes. Form the figure-eight knort as follows (see Fig. 19.7):
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. ‘Throw a leop near the ead of the repe.

. Give the shorr end r2 a complete turn around the standing pare of the
rope thi, and pass it through the loop at .

3. Pull dighe.

[N

Fig. 19.6. An overhand knot.

Fig. 19.7. A figure-eight knot.

Wall Knot with Crown—This is a combination wall knot and crown knot
which forms a neat and fairly large knot. It is used to prevent a rope end from
pulling through a small opeaing.

Make the wall knot as follows (Fig. 19.8):

Unlay the end of the rope about five uens.

Hold rhe rope in the lefe hand, loose strands upward.

Make a foop in the righe-hand strand 111, laying it across the front of the
rope with the ead banging free as shown in Fig. 19.8. Hold it in place
with the lefe chumb.

4. Bring the middle serand 125 Jown around ehe free end of strand | as
indicated by ehe arrow, Hold it in place with the thumb.

Gt

3

Fig. 19.8. A wall knot.
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5.

b,

Pass the remaining strand (35 uader and around strand 2 from front to
back. and then pass the end through the loop in strand 1.

Hold securely with the feft hand and draw each trand gradually until the
knot ts cighe. Pull strands at right angles to the rope. Work the knot down
against the ewisted paet of the rope.

Make a crown knot on top of the wall knot as follows:

k.

Fué

‘g

End of Crown Splice—The spliced crown is one of the best ways to finish a
rape end when a slight enlargement is not objectionable. It takes a little longer to
finish than the more simple knots, but when carefully made it is neat, smoorth, and
permanent. ke is especiaily good for finishing a halter rope. It consists of a crown

Bend the left-hand strand (£ down between strands 2 and 3. forming a
loop on the lefr-hacd side of the rope. (See Fig. 199

. Pass the righe-hand strand across to che left of the rope, laying it between

the loap aad strand 3.

. Pass stzand 3 through the loop in strand £,
. Tighten the crown by pulling each strand. Cut off loose scrands. The

finished koot should have the appearance of the knot ia Fig. 19.10.

Fig. 19.9. A crown knot.

1

Fig. 19.10. A wall and crawn knot,

knot with the ends spliced into the rope. (See Fig. 19.11.)

Make a tightly drawn cvewn brot as shown in Fig, 19.9. Then weave the loose

ends as follows:

i

Pass steand | o the right over the strand nearest to it on the main rope
and under the next strand, pulling it through tightly in a diagenal direc-
rion, almost ar right angies to the owist of the strands.
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2. Handle strands 2 and 3 in the same manner, passing over the main
strands next to them and under che followiag strands.

3. Continue with ecach strand in turn until all have been spliced in, over one
strand and uader the next for three or four times. A marlinspike may be
used to raise the strands.

4. Smooth the crown by rolling it under the foot and by removing the loose
ends. The finished end should have the appearance of the splice in Fig.
9.1 L.

Fig. 19.11. An end or crown splice.

Knots Used for Tying Two Ropes Together

It is often necessary to tie the ends of two ropes or cords together to obtain a
rope or cord of a greater length. Such a knor should (1) be easy to tie, (2) hold
securely without slipping, and (3) uatie readily. )

Square Knot—One of the most frequently used and best knots for tying
ropes together is the sguare knot, which is sometimes called the reef knot. (See Fig,

19.12.)

L. First tie the ends together with a simple right-hand form of the overhand

knoe.
2. Then cross strand & in frone of &, and e a lefe-hand overhand knot. Draw

cight,

Fig. 19.12. K square knot.
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Notice that in the square knot both parts of the same end lie together in
feaving the loops. This is the chief distinction between it and the granny énor,
which, although often used, is a very inferior knot and has litile value because it
slips easily and is hard to untie. The granny knot is illustrated (Fig. 19.13) to show
the difference between it and the square knot for which it is often mistaken.

Fig. 19.13. A granny kmot.

Surgeon’s Knot—This is 3 madified form of the square knot. The difference
lies in giving the first overhand koot two turns instead of one as in tying the
overhand knot. (See Fig. 19.14.) This extra twist keeps the knot from slipping
while the second overhand knot is being tied. Note that the ends come out of the
loops doubled back on themselves as in the square knot. The kaot is especially
good for tying cords and twine when they ate to be drawn tightly about something.
It is used in surgical operations.

Fig- 1914, A surgeon’s knat,

Carrick Bend—This knot is well suited for tying heavy ropes together. It will
withstand heavy strain and will untie easily. 1t is also used as a fancy knot in braids.

I. Threw a loop in the end of one rope with the end y under the standing
pare of the rope 2. Hold with the left hand. (See Fig. 19.15.)

2. Pass the end of che rope & under the loop x, over the standing pare at o,
and under the end 3,

Fig. 19.15. A carrick bend.
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3. Hold the knot together with the left hand and continue with end 4. pass-
ing it over the gight side of the loop x. under the standing pare of 4. chen
over the left side of loop x as indicated by the arrow in Fig. 19.15.

4. Hold parts in position and draw tight.

Knots and Hitches for Fastening Animals, Forming Loops,
and Tying a Rope to Rings, Hooks, and Poles

Slip Knot—The slip knot is frequently used. It forms a loop thar will slip
tight around an object. However, it often does not hold securely and is hard to
une.

Manger Knot——This knot is familiar to all persons who have ried animals ro
mangers. It is similar to a slip knot, but may be untied easily; hence, it is more
satistactory for tying halter ropes.

Bowline Knot—This is a knot that has a great many practical uses. It forms a
toop thar will not slip or draw tight. It is easily untied. It may be made by several
different methods.

Beginner's Method—Bowline (Fig. 19.10):

[. Place the end of the rope through a ring or around the object to which it
is to be tied.

1. With the lefr hand, throw a bight or a loop in the standing part of the
rope as shown in Fig, 19,16,

3. Bring end « through loop 4 from the upper side, passing it around che
standing part of the rope at ¢. and then up through loop 4 again as shown
in Fig. 19.16.

4. Draw the knoe tight,

Fig. 19.16. A beginner's bowling knat.

Cat’'s Paw—The cat’s paw provides a good method of fastening a rope to a
hook.

L. Throw a double loop in the rope as shown in Fig. 19.17,
2. Give each loop 115 or 2 turns, and place the loops on a hook.

Half Hitch—The half hitch is used for temporarily fastening a rope to a
timber or to a pipe. It holds well while it has a steady pull against it. After the end
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{Courtesy Hooven and Afiison Co )

Fig. 13.17. A cal’s paw.

has been passed around the object, it is given a turn about the standing rope and
then it is piaced under itself, which binds the ¢nd against the object when a pull is
exerted. (See Fig. 19.18)

Timber Hitch—The timber hitch is a modification of the half hitch _ad holds
more securely. The end is given one or two wraps back on ieself, instead of being
simply tucked under as in the half hitch. (See Fig. 19.18.)

Fig. 19.18. Half and timber hitches.

Timber Hitch and Half Hitch—When a straight end pull is necessary for
lifring or dragging long pipes and poles, a combination of the timber hitch and the
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half hitch as shown in Fig. 19.18 is snuch safer than either used alone. Make the
half hitch first, then pass the end of the rope back and form che timber hitch.

Clove Hitch-This is one of the most useful hitches for fastening tent ropes
and guy ropes to stakes or poles. When properly tied, it will not slip, but may be
untied readily. Two methods of tying a clove hitch are often used:

b Suilsr's Clore Fiteh (Fig. 19.19. Form a loop with the right hand and
throw it aver the top of the post. Hold the loop in place with the left
kand, make a second loop with the right hand, and throw it over the post.

2. Beginner's Clore Hitch (Fig. 19.20). Throw two loops in the rope—one to
the left, the other to the right. Move loop z over loop y. Place the hitch
aver the end of 2 post or stake and draw ntght

Fig. 19.20. A beginner's clove hitch.

Adjusting the Length of a Rope

Sheepshank—It may be desirable at times to remove the slack in a rope or o
shorten it without untying the ends. The sheepshank is the most satisfactory
method of doing this.

1. Make two loops which are long enough to remove the slack (Fig. 19.21).
Hold the loops with the [eft hand.

2. Make a half hitch, with the right hand, in the rope near one end of the
foop and slip it over the end of the loop.

3. Make anocher half hitch over the other end of the loop. This completes
the hitch.

The hitch may be fastened permanently by passing the ends of the rope
through the loops. (See Fig. 19.21)
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Fig. 19.21. A sheapshank.

Splicing Rope

The ability to repair broken strands or to splice a broken rope often saves
time amd money. A broken rope, for example, may delay an entire work crew and
cause considerable monetary loss if no one is present who can make a smooth,
strong sphice that will rua through putleys. Such a splice is not difficult to make.
But it does require close arcention o the principles involved, patience in doing the
detailed steps carefully, and practice or drill uneil skill has been developed.

Essentials of a Good Splice—A good splice must be strong. It muse carry the
same foad as any other part of the rope; hence, it will weaken the rope to the
exeent of the weakness of the splice. It must be durable and wear as well as the rest
of the rope. If a splice begins to fray and loosen, it should be cut apart and a new
sphice made. it must not greatly increase the diameter of the rope or it will not pass
reachily through pulleys.

Steps in Rope Splicing—There are three main steps involved in making a
splice:
I. Unlaying the strands of the ends to be joined.

2. Firting these ends together with the strands interlocking.
3. Relaying and weaving the eands of the strands into rope.

Short Splice—The short splice is used to join two ropes when it is not neces-
sary for the rope to pass through a pulley. The splice is not as smooth as the long
splice, but ¢ is strong and satisfactory for straighe pulling or lifting. (See Fig.
1922, '

. Unlay the ends 1o be joined about seven or eight tarns.

2. Bring the two ends tightly together against the twisted parts so that the
strands are interlocking, that is, each strand separated by a strand from
the opposite end. Note that the strands of opposite ends lie in pairs.
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Fig. 19.22. A short splice.

3. Tie one of the pairs of opposite strands together with a right-hand over-
hand knot. Be sure you tie the right pair so the knot will lie smooth with
the strands following their original twist.

4. Tie the other pairs of steands in similar fashion. Draw all knots tightly and
securely so that the wisted pares of the rope are joined firmly.

5. Tuck or weave the strands back into the rope as directed for the crown
sphice (Fig. 19.11), Each strand is woven in diagonally to the left, pussing
over the main rope strand nest 1o it, under the second serand, over the
third, and so on. Give each strand one tuck at a time, twisting and work-
ing the strands to secure a smooth, even job. Each strand should be
tucked under at least two or more times, depending upon the weight o
be carried by the rope.

6. Remove the excess length of the strands, leavirg ends abour 14 inch long,
Roll the splice under a shoe or block of wood to make it smoother. A
neater finish may be given by thinning out a part of each of the strands,
by apering the strands towards their ends, and by giving them several
extra tucks,

Long Splice—The long splice is the most satisfactory method of joining rope
¢nds when the rope will have to pass through a pulley. It is a strong, durable splice
and increases the diameter of the rope only slightly. It will, however, shorten the
rope from 3 to 8 feet. (See Fig. 19.23.)

I. Unlay the strands of each end about 15 turns. A l-inch rope should be

unlaid about 3 feet.

2. Place the two ends together as directed for the short splice, so that the

strands are interlocking and aleernate,

3. Tie two of the pairs of strands together with overhand knots, as in the
short splice, to hold ends securely while splicing the orther pairs of
strands. Draw knots tightly, joining che twisted parts of the rope securely
and firmly,

. Unlay carefully one of the untied scrands, a turn at a time, and ia ics place
lay the corresponding strand from the other end of the rope. Lay chis
strand carefully, cwisting it tightly and laying it in place snugly and se-
curely as though it were a part of the original rope. Continue until within
G ta 8 inches of the end of che refaid strand. Tie with an overhand koot.

Foy




SELECTING AND USING ROPE 321

e L -y

Fig. 19.23. A long splice.

5. Turn the rope end for end, and untie one of the other pairs of strands.
Proceed as with the firse pair of strands bue in an opposite direction,
unlaying one serand and relaying che other stcand in its place. Tie wich an
ovirhand knor when aear the end of the relaid strand. The splice now has
the seeands tied in three places along the rope. (See Fig. 19.23.)

6. Praw all knots securely, and ruck the ends of the strands into the rope as
explained for the crown splice and the short splice. Each strand end
should be passed diagonally to the left over the strand next to it, and
uader and over the following strands, passing under strands at least twice.

. Remove the excess length of the ends and smooth the splice by roiling it
under a shoe or with a block of wood.

Repairing a Broken Strand—If a strand is broken or badly frayed, it should
be repaired by removing a portion of it and by laying a new piece in its place. (See
Fig. 19.24.)

L. Unlay the ends of the strand as far as necessary.

2, Lay in its place, as described for the long splice, a new or sound strand of
similar size and of sufficient lengeh.

3. Tie strand ends with overhand knots, and tuck them over and under the
main rope strands.
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Fig. 19.24. Mending a broken strand.

Loop Splice—The loop splice consists of a small permanent loop in any part
of a rope through which another rope or a part of the same rope may pass. Its chief
use is in the construction of a rope halter. (See Fig. 19.25))

I
2

. Raise two strands in the rope where the loop is to be made.
. Pass the long end . which will be the lead rope of the halter, through the

opening uader the raised strands. It is importanc thar the rope @ cross
under the ewo strands at right angles to the direction in which they are
laid. (The doteed line indicates cthe improper dirvection for passing the rope
under the strands.} Draw the loop to the desired size.

Raise two strands in the long part of the rope @ as indicaced.

. Pass the short end of the rope through this apening.

Wark the ropes closely together, completing the loop splice as shown in
Fig. 19.25.

Fig. 19.25. A loop splice.

Eye Splice or Side Splice—This splice is used for making a permanent Joop
or eye in the end of a rope, or for splicing a rope, at right angles, into another
rope. It is used in making a rope halter. [t provides an excellent means of attaching
a lead rope to a halter ring, or for atraching 2 rope to the ring of a pulley block.
The procedure for making an eye or side splice is as follows (see Fig. 19.26):

L
2.

Usiay the rope end about five tarns.
Bend the rope end back on the main part of the rope to form a loop of
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the desired size. The two outer strands should straddle the rope, the
center strand lying on top of the rope.

4. Raise a strand in the main rope and pass the middle loose strand under it
in a direction opposite to the twist of the main rope.

4. Weave this strand into the main rope, passing it over the strand next to i,
under the second strand, and so on.

5. Tuck in the other two strands in the same mannei. Make sure that each
loose strand passes over and under but one strand at a time, and that each
loose strand is separated by main rope strands.

6. The finished eye splice should have the appearance of the splice in Fig.
19.26.

Fig. 18.26. An eye splice.

Making Rope Halters

Anyone who works with livestock will often find that the ability to make a
rope halter is worchwhile. Such 2 halter is easily :nade and very serviceable for
both horses and cattle. Halters for cattle are ordinarily made of 3g-inch rope, but
for large animals, horses and bulls, the rope should be 14 or %4 inch in diameter. A
halter for a medium-sized animal will require about 12 to 14 feet of rope, allowing
6 feet for a lead. A halter may be made so that it is adjustable or nonadjustable.
Each kind has certain advantages.

Nonadjustable Halter—Since this type of halter when completed cannot be
adjusted to heads of different sizes, it is necessary to measure the animal’s head in
order to determine the length of rope needed for the head and nose piece. An
advantage of this type of halter is that it will not loosen and slip down over the
nose or head. Following is the procedure for making a single loop halter:

1. Determine the necessary length of nose piece and head piece by measur-
ing the animal's head.

2. Make a small loop splice (see Fig. 19.25) toward the end of the rope,
leaving the short end long enough o form the nose piece.

3. Measure, from the loop splice, the proper length for the head piece.
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4. Fasten the end of the nose piece into the side of rhe standing rope with a
side splice (see Fig. 19.26), making the head piece the correct size.
3. Pass the lead end of the rope through the loop splice, making the jaw

piece.

6. Finish the end of the lead rope with a crown splice. (See Fig. 19.11.)

Fig. 19.28. A double oop halter.
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Adjustable Halter—A halter wiich can be adjusted in size is often desirable,
especially for horned cartde. Its disadvantage is that it may loosen and siip from an
animal’s nose.

The procedure for making an adjustable halter is as follows:

I Make an eye splice (Fig. 19.26) in one ead of the rope, «. The loop
should be farge enough to sllow the standing part of the rope to pass
through it

2. Measure from the loop of the eve splice the distance that will be required
1o reach around the animal's i <e.

3. Make a foop splice at this point, 4 (Fig. 19.28), with a loop the same size
as the loop of the eve splice.

4. Pass the long end of the rope, £, through both loops, as shown in Fig.
19.28, forming the jaw piece of the haleer.

3. Finish the end of the lead rope with a crown splice. {See Fig. 19.11.)

Making Slings for Hoisting
Sting—Following is the procedure for making a sling:

. Eay the free end of the rope on the ground.

2. Set ehe object, such as & karge bale of hay or a barrel, upright on the rope,
leaving the free end about swice as long as the heighe of the objece.

3 Bring both pares of the rope over the top of the object and tie them
together with an overhand knot

+. Draw che koot loose by pulling the ropes w the rght and to the left sides
of the objece as shown in Fig. 19.29, forming a half hitch on the opposite
sides of the objece.

5. Complete the sling by tying the free end of che rope to the standing part
of the rope with an overhand bowline knot. (See Fig, 19.16.)

Bag Sling-~A bag sling is useful for raising or lowering bags of feed, seed,

- {Courtesy Hooven and Allison Co.)

Fig. 19.29. A dling used to halist a barrsl.
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fertilizer, and cement. A ropc about three times as long as the distance around the
bag should be used.
Following is the pracedure for making a bag sling:

t. Tie the ends of the rope together securely.

2. Lay the rope on the ground, forming an oval about 114 feer across, and
lay the bag across it.

3. Lift both ends of foop up and around the bag. Pass one loop through the
other loop, and over the hook as shown in Fig. 19.30.

(Countesy Hooven and Athison Co.)

Fig. 19.30. A bag sling.

Pulleys, Blocks, and Tackle

If a rope must do strenuous work through a pulley, care should be taken that
the pulley is of the correct diameter. See Table 19.1 for the recommended pulley
size for ropes of various sizes. A pulley which is too small for the size of rope
being used forces the rope to bend at t00 sharp an angle, which causes undue wear
and strain on its fibers,

Greatly increased power for moving, lifting, or lowering heavy objects is se-
cured by the use of a rackle, which is an arrangement of pulley blacks, hooks, and
ropes. A block is a case or frame into which one or more pulley wheels or sheaves
are fastenad. A block is equipped with a hook or ring for fastening it to a support
or to the object to be moved. Blocks are designated as single, two-, or three-fold,
depending upon the number of pulleys in each block. Fig. 19.31 shows a two-
pulley or double block. The block attached to the moving object is called the fa//
block, and the other block is called the fixed block. The end of the rope to which
the power is applied is called the f&// rope.

A rackle will increase the lifting power applied to the fall rope by approxi-
mately as many times as the rope passes 2o and from the fali block. For example, if
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(Courtesy Hoover and Alisan Co )

Fig. 19.31. A twa-fotd tackle,

the rope passes to and from the fall block three times,
560 pounds will lift a weight of nearly 150 pounds.

Wire Rope

The size of wire rope is indicated by the use of two numbers, for example,

327

a force on che fall rope of

6 % 7. The first number refers to the number of strands, and the second aumber

refers to the number of wires in cach strand.

CLIPS THIMBLE
/" \,\ . .:.h.
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Courtesy US D.A)

Fig. 19.32. The use of clips, selzing wires, and a thimble to make an eye loop on a
wire rope.
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Wire rope is fastened with clips, sockets, and splices. Special tols are needed
for socket and splice fastenings. The usual way of fastening wire rope is with U- or
L-shaped clips. Wire rope thimbles are used when forming eve loops. Three clips
are needed for fastening wire rope from Y1« to %4 inch in diameter. Two clips are
sufficient for smaller wire ropes. Since wire rope stretches, clips may need to be
tightened occasionally. Wire rope needs to be lubricated with an oil or a grease
recommended by its manufacturer.




CHAPTER 20

Repairing and Preserving Leather

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

i, What equipment s needed for ordinary leather repair?

2. Why s a waxed end used for sewing? Mow is 1t made?

3. How are strap ends prepared for splicing?

4. How is a stieched splice made?

5. What are the advantages of using rivets tor splicing? Disadvantages?

6. By what methods may snaps or buckles be atrached?

7. How should leather be cleaned and oiled?

Leather Repair and Care—Leather work was very important when farms
were worked with horses. Now most farmers do nor use horses for power, but the
number of horses for pleasure is increasing rapidly in both rural and urban areas.
Also, there are pieces of leather equipment such as learher cattle halters and
feather beles that may need to be repaired. This chaprer describes the procedures
used in stitching and riveting leather which are applicabie o nearly all types of
leather work.

Equipment Needed—The cquipment necessary for making ordinary leather
repairs is ROt eXtensive or exponsive,

A clamp is seeded 1o hold the work for sewing. This can be made at home or
in the school shop, A vise may afso be aceded.

Sewing is done on heavy leather such as harness leather with No. 10 linen
shoe thread. The thread may be waxed by hand. A waxing pad is made by melting
wax and placing it on a piece of soft leather or canvas, which can be held in the
hand and rubbed along the thread, giving it an even coating of wax. Special needles
for leather work are used. Holes in the leather for the needles are made with an
awl. A patented sewing awl using prepared thread is sometimes employed. It is
more convenient to use, but the stitching is not usually as durable as when it is
done by hand.

A small riveting outfit can be used to good advantage. Different types of rivets
are used. Rivering is discussed in greater derail in later pages in this chapter.

The following equipment and supplies will probably be sufficient for most
repair jobs:

329
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1 ball of No. [0 lnen shoe cthread
¥ bafl of shoemaker's black wax

1 balt of beeswax

2 pwl handies

3 two-inch awls

I paper of assorted leather needles
i pair of dividers

I four-tube revolving leather punch
b riveter and rivets

I knite

Necessary repair parts such as leather straps, snaps, buckles, and rings

Preparing Thread for Sewing—An imporzant step in leather repair is the
prepararion of the sewing thread or “waxed end,” as it is often called. A “waxed
end” consists of three or more linen threads waxed tightly together to form one
strong, uniform, durable thread with a sewing needle attached to each end. The
following steps in making a “waxed end” should be carefully observed:

b Measwre @ suitable length of thread for sewing. The length needed for a
particular piece of work can be estimated only after practice. A thread 5
e & feet in fength is abour as long as can be handled conveniendy. Do
not cut or break the thread.

2. Tear the thread. The thread should not be cut or broken off squarely, but
it should be untwisted and che fibers torn off to make a long, tapering
end. To do this, kay the thread across the right thigh, grasping the thread
tightly with the thumb. and fingers of the left hand. With the palm of the
right hand roll the thread against the thigh in such a way that the fibers
become loose and unewisted ar thae point. When completely untwisted,
the thread may be pulled apart, making ends that are long, tapered, and
suitable for waxing together. Repeat chis procedure until three or four
threads of the same length have been torn off. Three threads are usually
sufficient for fight work. For heavy pieces, five or six threads should be
used in making a waxed end.

3. Place the threads together. The torn threads should be of the same length
buc should be placed together unevenly; thar is, one end of the first
thread should extend about an inch or so beyond the end of the second,
and rhe third should extend beyond the second, so that when twisted
together the combined ends will be long and will taper to a fine point
which can be threaded into che needle readily.

4. Wax the ends. Place the middle of the assembled threads over a hook,
holding both ends together with che left hand. Holding the waxed pad in
the right hand, draw each of the tapering ends through the pad until each
is slightly coated and sealed together with the wax.

5. Tuwist and wax the threads. With the ends still in the left hand, twist each
end by rolling on the thigh wich the palm of the right hand to twist the
assembled threads together uniformly. Move the thread back and forth
on the hook to equalize the twist. Keep the thread drawn fairly tight to
prevent snartling. Do not release the ends, or the twist will be lost. Apply
the wax by pinching the thread between the folds of the wax pad and
rubbing the pad briskly up and down the thread. The friction melis the
wax and distributes it evenly into the thread. Work all parts of the thread
ter get it smooth and uniform. The thread when finished should be round,
hard, and black. After sufficient wax has been applied, the chread may be
smoothed by drawing it between the thumb and forefinger of the righe
hand. To give the thread a hard finish, making it slip through the leather
more readily, rub it with beeswax. Do not get beeswax on the ends of the
thread, or rhe needles cannot be fastened securely.
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6. Thread the needfes. I the ends of ehe original threads have been properly
tore, placed, and waxed, the waxed ends should be long and finely ta-
pered so that they may readily be chreaded chirough the eyes of the sew-
ing needles. Draw the fine end of the thread through the eve for at least
2 inches. Double the end back along the thread and hold it with the left
hand. Wich the thatab and forefinger of the right hand, twist the aeedle
so that che short end of the thread wraps itself closely around the thread.
The end should ewise down lato the wax so as to make a smooth, round
wrap that will hold securely and is no larger than the main part of the
thread. Actach 2 needle to the other end of the thread in the same man-
ner; the thread is now ready to be used for stitching.

Making a Stieched Splice—The most satisfaccory method of splicing a strap
is by stitching with 2 waxed thread. A sticched splice is scronger than one made
with rivets and is smoother and neater in appearance. More time, however, is
required to make it.

L Prepare the ends to be spliced. The ends to be sewed should be lapped 2 to 4
inches. For most of this distance chey should be “skived” or shaved oft”
w & long beveled edge so that when lapped together the sewed ends will
fit togecher smoothly. Skiving may be done with a sharp knife or with a
block plane, and should be done on the rough or flesh side of the strap.
Square the strap ends and crim off the sharp corners.

2, Mark geide lines for stitehing. Place the beveled ends together, lapping
them sufficiently. Make sure that the smooch or hair side of cach strap is
uppermost. As a guide to keep the stisches straight, mark a straight line
abaut Ly inch from each edge of the top steap. A pair of dividers is very
useful for marking leather for sewing. Set the points about 4 inch apart.
Guide one point against the edge of the strap, applying pressure so that
the other point makes a crease or mark. Do not cue the leather, The
splice may be held in place temporarily with small tacks while ic is being
marked and sewed,

3. Place the strap in a stitching clamp, The marked side should be to the
right. Clamp firmby with the upper guide line just above the edge of the
clamp.

4. Setw the splice. The sewing should stare at che middle of cthe splice, follow-
ing the creased guide line towaed the eads of the top strap, Pass the
needles through the holes made with the awl. Keep the awl handie at
right angles to the Face of the strap when it is pushed through the leacher.
The long side of the awl blade shouid be slanted away from you, cutting
across che guide crease at abour 2 45-degree angle. (Fig. 20.1)

CREASE  WITH J < DETAIL OF MANNER
DIVIDER POINTS %, IN WHICH AWL
OR THUMB NAIL o HOLES ARE MALE

\\\ t ____.._..../,
% STITCH TIES  DOWN

END OF STRAP
Fig. 20.1. Stitching a splice.
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Make the fiest hole at about the middle of the top edge of the splice.
Push one needle through and deaw abour halt of the theead carough.
Make the next hole. Pass the left-hand needle through and draw the
thread foosely. Pass the right-hund needie through the same hole in the
opposite Jirection and draw that end of the thread through. Draw both
threuds tight.

Conrinue in the same maaner untl the end of the splice is reached,
muking one stitch ar ¢ time, passing both needies through each hole in
oppasite directions, and deawing each stitch aghe.

Figure 20.1 illustrates an excellent method of sticching across the
etds of a sphice. Ie is important for the thin edge ac the end of a splice to
be fustened securely to prevent it from curling. The long cross-stitch fre-
quently used across the end leaves a large amount of chread exposed,
which soon becomes fraved and broken.

Tura the strap over, end for end, to stitch the other edge and across
the other end. Reverse again o bring the sticching back o the starting
puint,

S, Fie the ends of the thread. When the sewing has been finished, the ends of
the thread should be tied securely, as follows, 1o prevent their coming
loose, Push the left-hand needle and thread theough the lase hole, and
deaw as usual then push the right-hand needle haltway through the hole
and while in this position wind che left-hand thread once or twice around
the avedle, Draw both cheeads tight as usual. The winding draws dowa
intor the hole, forming an overhand koot which prevents the ends from
loosening.

O. Swmooth the splice. Cur the sewing thread close to the serap. Trim che edges
of the seeap, il necessary, to give a neater appearance. Wich a round end
of the awl handle or & similar smooth inserument, rub the stieching uneil it
fies far and smooth. 1f a fairly deep crease zas been made as a guiding
kine, the threads will lic in ic flush with che face of the serap. Tapping the
sphice lightly with a hammer on a flat surfuce will tlacten and smooth it. A
finishing wheel or marking wheel is sometimes run over the sticches to
make them smooth.

—

CLarp

{Gourtesy New York Siate College of Agricufure. Gomell Unwersity)

Fig. 20.2. Tying the knot. The left nesdte and thread having been passed through the
fast hole, the right needle is inserted in the hole and the thread of ihe left needle is wourd
two ar three times around the right needte and drawn tight. Whan the ends are stitched as
shownt, the imot will come in the middle of the splice where the sitching began.
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Making a Riveted Splice—A broken strap may be quickly and easily spliced
by riveting. Such a splice ordinarily is not as serviceable as a well made stitcched
splice, but is often used, especiaily as a temporary fastening. In riveting, the serap
ends are squared, slightly skived or beveled, and lapped together. Three rivets
should ordinarily be enough for each splice. The method of riveting will depend
upon the type of rivet used.

L. Solid capper vivets with bures require punched holes to accommodare the
rivets. A revolving type punch, the sharpened shank of the three-
cornered file used with a brace, a hollow punch, or a drive puach may be
used for making the holes. Place the river through the hole with the head
on the smooth side of the strap. The end of the rivet should extend
through the splice about 4 inch. Put on 2 burr or washer and river it by
hammering wich light blows around the edge of the river.

2. Trbular rerets require che use of a specially constructed but inexpensive

riveter. The river cuts its own hole as it is forced through the leathec. It is

clinched on the opposite side by the rivering machine. The river should
be vn the smooth side of the steap.

Spliv rivets ave placed by driving the rivets through the splice and clinch-

ing the ends on the opposite side. They are very convenient for a tempo-

rary splice, bue chey should be replaced ar the fiest opportunity.

5

>

Attaching Snaps or Buckles—Any one of four methods may be used to
ateach a snap or buckle to a new strap or to repair a strap from which a buckle or
snap has been tora.”

b Riveted loop (Big. 20.31—Trim the corners of the strap, and skive or bevel
the end for a distunce of about 1 inch. If a buckle is to be attached, a slot
must be cut tor the buckle tongue. This is done as follows: Punch two
holes with a punch abour an inch apare, the first one abour 215 inches
from the end of the strap; cut out between the holes, making a slot an
inch long and large enough for che buckle wongue to move freely. Place
the buckie in position and rivet with two rivets, one close to the buckle,
the other near the end of che strap. A slide loop may be attached just
back of the buckle.

', Stitched loop—The end of the strap is prepared in the same manner as
described for the rivered loap and is fastened by stitching in the usual
manace,

3. Conteay lop—=Square the end of the serap. On che center line of che serap,
punch two holes large eavugh for the tongue of 3 Conway loop, the first
hole b1 ro 7% inch from the end of the serap, the second 313 1o 5 inches
from the firse, depending upon the size of the loop needed. If a buckle is
to be attached, cuc a slot as described for the buckle tongue. Place the
strap through the branches of the Conway loop, around the snap or
buckle, and bring the end back underacath itself into che first branch of
the Conway loop. Insert the tongue of the Conway loop into the hole at
the end of the serap and then inte the other hole. Deaw tighe.

. Brckle repair dip—A buckle repair cli-. may be used when a strap is oo
short oy spare the exera length necessary for making the other types of
oop attachments, Square the sirap end. Place the buckle in position in
the repair clip, and fit the clip over the end of the strap. Mark the places
for the holes. Remove the clip and punch the boles, Replace the parts
and river the clip securely to che strap.

(%]

N

'F. G. Behrends, "Repairing Harness,” Cornell University, Extension Bulletin 225, pp. 22-29,
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CUT OQUT LEATHER
BETHELN HOLES

N

AIWVETT, RIVETED ENOS

(Courtesy New York State Coliage of Agriculture, Cornall University)
Fig. 20.3. Attaching a huckie to a strap with rivets.

Cleaning Leather—Use the following procedure to clean leather:

L. Fill a tub abour three-fourths full of warm water. Dissolve in it a cake of
good castile soap or a handful of sal soda.

2. Place the leather in the tb and soak it until the crusted dirt softens.

3. Take out one piece of leather at a time on a drain beard and scrub it
thoroughly wich o stiff brush until it is clean. A dull knife may be used to
scrape away caked material,

4. Lay it in a clean place in the shade until drey or undl ready for the applica-
tion of oil,

Oiling Leather—A good grade of oil for leather should be used. It may be
applied while the leather is still wet so the oil will penetrate the leather as the
water evaporates. Use a sponge or rag, rubbing the oil into the leather. Allow the
oil to dry overnight. If it is necessary to soften the leather, put on another coat.
Warm oil may be used. Wipe off the surplus with burlap.
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AGRICULTURAL POWER
FUNDAMENTALS

Student Abilities to Be Developed

. Ability to appreciate the importance of engines used in agriculture.

Ability o classify engines, and to kaow the principal parts and the principles
involved in the running of engines.

Ability to trace the gasoline engine cycle and 1o understand the difference
between a four-stroke and a two-stroke cycle engine.

Ability to locate minor gasoline engine troubles and remedy them.

Ability to use various tests to diagnose gasoline engine difficulties.

Ability 1o select, service, and maintain gasoline engines.

Ability to clean and adjust a carburetor.

Ability to maintain ignition systems.

Ability ro test, service, and maintain eleccrical systems.

Ability to replace diseributor points.

Ability to lubricate a gasoline engine.

Ability to time a gasoline engine.

Ability to clean and grind valves.

Ability to adjust tappets.

Ability to fit piston rings and wrist pins and to adjust bearings.

Abilitr 1o service, adjust, and maintain hydraulic systems.

Ability to select and maintain cractors.




CHAPTER 21

Understanding the Fundamental
Principles of Engines
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TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What is an external combustion engine?

What is an internal combustion engine?

Whar are the principal parts of an internal combustion engine?
What principles are involved in the operation of engines?
What is meant by a gasoline engine cycle?

. What is the difference between a four-stroke and a two-stroke cycle en-

gine?

. How does a diesel engine operate?
. How should a diesel engine be maintained?

What fuels are used to operate internal combustion engines?
What is meant by compression ratio?

INTRODUCTION

Emportance of Power Units—Since 1900, internal combustion engines have
steadily increased in number and in importance. The work on farms and in non-
farm agricultural businesses demands the application of power. The power of
internal combustion engines relieves agricultural workers of much physical exer-
tion, but their use requires skill. The successful and economical use of internal
combustion engines in agriculture requires an understanding of their operation and
care. An average agricultural worker should not attempt to do all the repair work
on engines, because there are many repair jobs which require a skilled mechanic,
There are many maintenance jobs, however, which an agricultural worker with a
lirrle training and pracrical experience shouid oe able to do. Some of these are as

foliows:

1. Cleaning and adjusting the carburetor
2. Cleaning and adjusting spark plugs
3. Adjusting the timing
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4.
5
6.

Cleaning combustion chambers and valves
. Mainraining the [ubrication system
Muaintaining the cooling system

Locating the source of ignition troubles
Maintaining che fuel system

w

Jobs such as overhauling transmissions and differentials should not be at.
tempred by ehe average agricultural worker; beace, they are not discussed in this
book. High school students should not expect to become skilled mechanics from
a study of internal combustion engines in an agricultural mechanics course, but
they should learn how te service, maintain, and adjust internal combustion en-
gines.

External Combusion Engines-——Some engines, such as steam engines, burn
thetr fuel outside the cylinder of the engine in a fire box beneath a boiler conrain-
ing water. Engines of this type are known as external combustion engines. The
piston within the cylinder is driven by the expansion of steam.

Internal Combustion Engines—In engines such as gasoline engines, the fuel
when mixed with air in the proper proportions is drawn into the engine cylinder,
compressed, and ignited. This type of engine is known as an internal combusion
engine. When the fuel burns, the gases expand very rapidly, producing a high
pressure against the piston.

Principal Parts of an Internal Combusion Engine—Every engine must
have certain parts in order to operate. The principal parts are 25 follows:

L. Cylinder—The part of the ¢ngine where the combustion takes place. The
number of cylinders in an engine will vary from one to eight or more.

2. Pisten—A cylinder plunger which works within a cylinder. Each piston
contains rings which fit cightly against the inside of the cylinder walls,
thus preventing air from leaking past the piston,

3. Connecting rod—A rod which connecis a piston with the crankshaft, the

rod being fastened o che piston by means of a wrist pin.

. Crankibaft—A central crank->haped shaft to which all the connecting

eonds are fastencd,

=y

WORKING PRINCIPLES OF INTERNAL
COMBUSTION ENGINES

Internal combustion engines are mechanical devices which can transform cer-
tain fuels such as gasoline and oil into work. The fuel, which is in gaseous form
when it enters the ¢ylinders of an engine, is changed into an explosive mixture
when united with the proper proportion of air. This explosive mixture is com-
pressed and ignited in a cylinder, and the explosion forces the piston downward.

Gasoline Engine Cycle—A cycle of any kind is a series of events starting at a
given point, going through a definite order of procedure, and returning to the
same point. A four-stroke cycle gasoline engine (see Fig. 21.1) has a series of four
events or strokes which must be completed wich the cycle, namely:
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{Courtesy The Socany-Vacuum Corp.}

fig. 21.1 A tour-stroke eagine.

I. latake steoke

2. Compression stroke
3. Power stroke

4. Exhaust scroke

On the intake stroke, the exhaust valve remains closed and the intake valve
opens. As the piston moves downward, a mixture of fuel and air is drawn into the
cylinder.

As the piston moves back toward the head or top of the ¢ylinder, the compres-
seon stzoke begins. The iatake and exhaust valves are both closed and the fuel mix-
ture is compressed, which raises its temperature, thus making it more explosive. At
the ¢nd of chis stroke the crank has made one complete revolution.

The fuel mixture, after being compressed, is ignited by a spark from a spark
plug. The explosion of this fuel mixture drives the piston down on what is called
the power stroke. Both valves are closed on this stroke.

The eylinder is now full of burned gas which is released by the exhaust valve,
which opens as the piston returns to the top or head of the cylinder on the exhaust
stroks. ‘The piston is driven as far as it will go into che cylinder by the momentum
of the flywheel, chus forcing out all che burned gas. The crank makes two complete
revolutions Juring the process of these four strokes. A new cycle is now ready to
begin. These four strokes are often compared to the loading, compressing, firing,
and cleaning of a cannon.

Four-Stroke and Two-Stroke Cycle Engines—Most gasoline engines are of
the four-stroke cvcle type, also known as the Otto cycle. In this type of engine the
piston makes all four strokes as mentioned in the previous paragraphs. A two-
stroke cycle engine completes its cycle in two strokes, or one revolution of the
crankshaft. As the piston moves upward, 2 vacuum is formed in the airtight crank-
case, and fuel and air are sucked into the crankcase through a valve.

While this fuel mixcure is being obtained, the mixture obtained previously is
compressed in the upper part of the cylinder. When the compression stroke is
nearly completed, the mixture is ignited and the explosion drives the piston
downward. When the downward or power stroke is aearly completed, the exhause
port opens and permits the burned gas to escape.
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DIESEL ENGINES

Diesel engines are becoming more popular on farms and in nonfarm agricul-
tural businesses. They are available as two-stroke cycle and four-stroke cycle en-
gines. A true diesel engine Joes not operate with spark ignition. There are some
engenes called diesels, however, that are spark-ignition fuel injection engines.
Compression pressures in engines of this type may be the same as they are in
engines with carburetors, but they are usuaily somewhat higher.

The main difterence between the Diesel cycle and the Orto cycle (the com-
mon four-stroke cycle) is in the method of mixing the fuel and air, and igniting the
charge for the power stroke. In the Diesel cycle a fuel injector squirts the fuel
charge into che cylinder after the air has been compressed. The compression pres-
sure s very high and hears the air hot enough to igaite the fuel injected into it.
Fhe burning mixture expands, furnishing the power stroke. The QOtto cycle draws
the mixed fuel and air into the cylinder, then compresses the mixture for a spark
ignition. The Orto cycle “ignition event” is replaced by the “fuel injection event”
in the Diesel cycle. A diesel engine does not have a carburetor or spark plugs, but
it has a fuel pump and a fuel injector, the latter measuring che correct amount of
fuel for injection at the righe time.

A twa-stroke cycle diesel engine completes its cycle of operations in one revo-
lution of the crankshaft. There is only a compression stroke and a power stroke,
but in between or during these events the intake of fuel 2nd the exhaust of gases
are accomplished. There is a power stroke every revolution; thus a two-cycle diesel
can produce abour twice the power of a four-cycle engine of the same size and
approximately the same weight.

{Courtesy Caterpiitar Tractor Co.)

Fig. 21.2. A cutaway view of 2 diese! engine.
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Maintenance of Diesel Engines--Diesel engine repair should not he at-
tempted without special training. The adjustments and repairs that can be made
without special cools and instruments will usually be explained to the operator or
will be discussed in the instruction book sent with the engine.

FUELS

The following fuels are frequently used:

t. Gusoline is the fuel used mose frequently, especially in automobiles. A
good, clean, high-grade gasoline should be used.

2. Liguefied petvolenm gas, commonly called “LP gas” or “bottled gas,” is usu-
ally composed of propane and butane. Several manufacturers build trac-
rors designed to burn LP gas. Also, several manufacturers have con-
version units for installing LP-burning equipment on standard makes of
eeactors. Special storage tanks and handling equipment are necessary for
LP fuel. Generally it is necessary to obtain LP fuel for approx’mately
two-thirds the price of gasoline to recover the extra cost of the equip-
ment and to make the use of the fuel economical.

3. Dieed fuel is similar to kerosene, buc impurities such as gums have been
removed. be also has other special characreristics.

Some traccor engines are designed to use more than one grade of fuel. There
is, however, a tendency for manufacturers w build engines that will perform best
on only one grade of fuel. ‘Fhe manufacturer's recommendation should be followed
imr the sefeczion of the fuel for a tractor.

Meaning of Compression Ratio--High-octane fuels are used in high-
compression engines. The compression ratio of an engine is the rartio of the totai
volume wichin the cylinder (piston displacement volume plus head clearance vol-
ume) to che head clearance volume. Increasing the compression ratio increases the
pressure within the cylinder at che end of the compression stroke. Thus, compres-
sion ratio expresses the compression of the fuel charge. For example, a compres-
sion ratio of 6:1 means thar the piston at the top of its stroke has squeezed the
contents of the cylinder into a space only one-sixth che size of the cylinder when
the piston was at bottom dead center. The compression ratio of an engine should
not be increased unless the manufaceurer recommends it, because the rest of the
engine must be built strong enough to withstand the increased power and stresses
developed.




CHAPTER 22

Operating and Lubricating Engines

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What causes gasoline engine troubles?

What are some common gasoline engine troubles?

What should be done when a gasoline engine does not operate properly?

What tests should be used in diagnosing gasoline engine difficulties, and
what do these tests tell you? How are these tests made?

How important is proper lubrication?

What are the various methods of lubricating internal combustion engines?
What is proper lubrication?

How often should the oil in a crankcase be changed?

9. How may the quality of a [ubricant be maintained?

o

i A 4

CPERATING ENGINES

Some Causes of Gasoline Engine Troubles=-There are numerous causes of
gasoline engine troubles, but the most common ones can ordinarily be ctraced o
one or more of the following:

Improper fuel supply

. kgnition system not working
Valves improperly timed

Spark occurring at the wrong ume
. Poor compression

6. Poor lubrication

S N by

Any of the above may interfere with the starting or the running of an engine.

Gasoline Engine Troubles—An engine, in broad rerms, needs thre= things
to make it run, namely, fuel, compression, and spark. Engine troubles, therefore,
may be classified and listed with their possible causes as follows:

I. Engine will not starr,
a. Empty fuel tank
b. Poor quality of fuel .
¢. Foreign material in fuel tank or feed pipes
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d. Carburetor out of adjustment

¢. Too much fuel, “flooding” cylinder

£ Poor compression

g. Engiae too cold ishould bother only in very cold weather)
k. Defective spark plugs—fouled, out of adjustment, or broken
t. Weak spark

1. Worn wires from spark plugs

k. Breaker poiats dirty or out of adjusement

. Dirty or wet distributor

. Engine misses. (Locate the cylinder.)

a Defective spark plug or improperly adjusted plug

b. Loose or broken ignition wire

€. Inadequate insulation on ignition wire

£ Seicking valve or weak velve spring

e. Improper valve stem clearance

f. Burned or dicty valve

Engine fires tcregularly.

4. Wrong carburetor adjusement

b. Spark plug electrodes improperly adjusted

¢. Befective ignition wire

L. Poor compression

Seicking valves or weak valve springs

. Improper valve stem clearance

& Foreign material in fuel or in feed pipes

h. Too much oil in crankcase

. Weak spark

1. Breaker points out of adjustment

k. Air leaks between carbureror and inrake manifold or between man-
ifold and engine

. Governor sticking or controls bent

Engine stops.

a. Fuel tank empty

b. Foreign material in fuel tank, feed pipe, or carbureror

«. Fucl tank vent hole plugged

d. Faulty ignition

¢. Faulty valve mechanism

L i

. Engine knocks.

a. Spark advanced too far

b. Too lean a fuel mixture

¢. Carbon deposits in cylinders

J. Engine overheared

¢. Pre-ignition with low-rest fuels

f. Loouse connecting rod or crankshaft bearings
g Worn pistons, rings, or wrisc pins
h. Too much valve stem clearance

1. Worn timing gears

i. End play in camshaft or crankshaft

k. Loose flywheel

Engine overheats.,

a. Warer in radiator too low

b. Slipping fan drive

<. Spark retarded oo far

d. Low oil supply in crankcase

e. Oil circulation noe adequate

f. Too rich a2 mixture from the carburetor

g Excessive carbon deposits in cylinders

. Engine backfires through carburetor.

a. Mixture o0 lean
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b. Intake valve stuck in open position
<. Excessive carbon in cylinder
4. Wrong connection between magneto or spark coil and spark plug
5. Engine lacks power.
a. Too lean a mixture
b. Too rich a mixture
¢. Poor compresston
d. Wesk spark
e. Overheated engine
. Spuerk recarded
& Cluch slipping
h. Dragging brakes or dry wheel bearings
i. Direy spark plugs, valves, and engine
j. Weak valve springs
b3 hm.ls plugs foul quickly.
a. Weak spark
b. Exhaust valve not closing
¢ Bdefective spark plugs
4. Poorly fitted or worn piston rings
¢. Crankcase oif too chin
. Teo much ceankcase oil
& Spark plug elecerodes set too close
h. Excessive carbon in cplinders

What t0 Do When an Engine Does Not Operate Properly—Iif an engine
will not stare, che following procedure is recommended:

I, Fhe fuel tank should be examined te see whether or not a fuel supply is
present: if a supply of fuel is available, the fuel line should be examined
to see¢ whether or not the fucl is reaching the carburetor. If che fuel
contains water, it may freeze, shus preventing the fuel from entering che
carbureeor, Dict or other foreign macesials may also be present in the fuel
ling.

2. If the proper mixeure of fuel is reaching the cylinders, the ignition should
be checked o determine whether or not there is a loose or broken con-
neceion and aiso whether or not there i a spark. Te may be that the spark
plug poines apr improperly set or tha: the plugs are dirty, Likewise, the
disteibutor poines may be badly pittes or improperly set.

3, After these items are checked, if the engine fails (o start, che timing of
the spark should be checked, following the instructions of the manufac-
tueer. The spark must occur at the proper time to ignite the fuel mixeure,

. The compression should be checked, as the fuel mixture must be com-
pressed before it is ignited. Some mechaaics check for the compression
first when a motor fails to stare.

28

A compresiion test is often helpful in diagnosing engine troubles. A compres-
sion tester costs only a few dollars, may be purchased at any auromobile supply
store or large mail-order company, and i+ relatively easy to use.

A compression test may be used to dezrermine such difficulties as the follow-
terg:

Cylinder wear
Ring wear
Faulty valves

. Scored cylinder
Faulry gaskers

W L B e
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A compression test should be made before an engine tune-up is attempted
because if the compression of an engine is faulty, it is impossible to tune the
engine propetly. Faulty compression will result in the loss of power and the use of
an excessive amount of fuel. A compress.on test will help determine che need for
an engine overhaul.

The procedure for making a compression test is as follows:

. Operate engine until normal running temperature is obtained.

. Shur off engine.

. Remove spark plugs.

. Open throttle.

Place nozzle of compression tester in spark plug hole in number one

celinder.

Use starter to rutn engine several revolutions.

. Record pressure obrained on pressure gauge of compression tester.

. Test other cylinders in same way.

. Obzain aormal cylinder pressure for engine being tested from operator’s
manual or from dealet.

10, larerpret tese.
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If the pressure obtained for a cylinder is 10 or more pounds below the normal
cylinder pressure of the engine, the cause should be determined and correcced.
Often the cause of the difficulty may be determined by placing a teaspoonful of oil
in the cylinders and repeating the cest. If cthe difficulty is the excessive wear of the
cylinders or rings, the oil may seal the leaks and cause the pressure to rise consid-
erably. If the oil does not cause che cylinder pressure to rise, the valves may be
faulty. A cracked cylinder head may be indicated if bubbles appear at the top of
the radiator. Whatever the cause of the loss of compression, the difficulty should
be corrected before an engine tune-up is artempted.

A vacuum test is often heipful in the tune-up of an engine. The cost of a
vacuum tester is not great, and one may be purchased from any aucomobile supply
store or from a large mail-order company.

A vacuum test may be used to determine such difficulties as the following:

[. Poor adjustment of carburetor
2. Faulty operation of fuel pump
3. Faulty operation of valves
Sricking

Burned and warped
Tapper adjustment

Weak valve springs

Worn valve guides

Leaking

4. Worn cylinders or rings

me Lo oR

A vacuum gauge test may also be used to determine when an engine is timed
properly and when the carburetor is adjusted correctly.
The procedure for making a vacuum test is as follows:

1. Artach the vacuum rester to the intake manifold. Often engines have a
plug in the manifold which may be removed. A pipe nipple is placed in
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the hole for the plug, and the vacuum hose is atrached to the pipe aipple.
if no way is found to attach the vacuum hose to the intake manifold, see
the dealer selling the engine.

2. Operate the engine uatil it has teached normal opecating temperature.

3. Set the throtle at a fast idling speed.

4. Observe the readings on the vacuum gauge.

5. Set the throttle so that the engine is operating at its rated load speed.

6. Observe che readings on the vacuurn gauge.

7. Interpret the results.

if the vacuum gauge reading is steady and between 18 and 21 when the engine
is operating at a fast idle and between 15 and 16 when operating at its rated load
speed, the engine is in good condition and is tuned properly. If the gauge drops
approximately four points intermittently, check the valves. This type of vacuum
reading may be caused by burned or sticking valves or by insufficient clearance of
tappets. If the vacuum gauge reading is low, check for leaking valves. If the valves
are not leaking, check the adjustment of the carburetor. If the gauge reading is low
after the carburetor has been adjusted, the low reading may be caused by worn
cylinders or rings.

If the vacuum gauge needle vibrates when the throutle is opened, the valve
springs are weak. If the needle of the vacuum gauge vibrates at low speeds, but is
steady at high speeds, the valve guides are worn.

Diagnosing Diesel Engine Troubles—If a diesel engine is hard to start, the
cause of the difficulty may be one or more of the following:

Insufficient fuel

Incorrect timing

Cold air temperatures

Compression losses

Dirty nozzles

. Low batrery
Incorrect valve clearance

. Qut of rime fuel injection pump
, Faulty fuel cransfer pump

L(} Faulty fue!l injection pump

30 00 3 O VA e e N

H a diesel engine overheats, the operator should check to determine whether
or not the overheating is caused by one or more of the following difficulties:

. R.P.M, oo low under heavy load

. Clogged radiator

Inadequate liquid in cooling system

. Slipping fan belt

. Collapsed radiator hose

. Stuck chermostat

. Broken expeller vanes in water pump
. Overloaded engine

. Dijuced Iubricating oil

Bl e AR I N L

If the operation of a diesel engine is irregular, suspect one or more of the
following causes:;
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Out of time fuel injection pump
Low fuel pressure

Low operating temperature
Faulty fuel nozzles

Improper seating of valves

. Uneven compression pressure

. Binding governor contzol linkage

G i £ e

If a diesel engine knocks, the operator should check the following possible
causes:

. Incorrect timing

Plugged or leaking air celi
Toe slow engine R.P.M.
Improper fuel
Overloaded engine

R ol A

If the exhaust smoke of & diesel is excessive, the cause may be one or more of
the following:

Excessive fuel to engine
Clogged air cleaner
Overloaded engine
Consumption of oil
Fauley fuel noczles

bl dbee
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If a diesel engine develops a loss of power, check the following possible
causes:

t. Restrictions in fuel line

2. Clogged fuel filters

3. Defective transfer pump
4. Air in fuel line

5. Clogged air cleaner

6. Loss of compression

7. Faulty injeceion pump timing
K. Sticking valves

9. Faulty nozzles
k0. Too slow high-idle R.P.M.
I1. Incorrect valve clearance

The operator of a diesel engine should not attempt to make adjustments to
the fuel system of a diesel unless he or she is a skilled diesel mechanic. An
operator can make simple adjustments to correct the difficulties mentioned when a
diesel engine starts hard, knocks, smokes excessively, operates irregularly, loses
power, or becomes overheated. The operator’'s manual for the diesel engine should
be consulted for instructions regarding the simple adjustments that can be made.

One adjustment should be made at a time. If the adjustment made does not
improve the operation of the diesel engine, a return o the original setting should
be attempted before another adjustment is made,
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Periodical checkups to maintain an engine in good operating condition should
be systematically provided.
The following units of an engine should be periodically cleaned, inspected,

repaired,
[

[A¥]

FoN

6.

or serviced:

The fuel system, such as the fuel storage and handling equipment, tuel
tanks, lines, screens, sertling bowl, carbutetor and manifold, and fuel
pump.

. Fhe air supply equipmene, such as the air intake pipe, air cleaner or filter,

cleaner hose and connections, and pre-cleaner bowl.

. The ignition system, such as the magneto or generator, baitery, coils,

distributor, switches, meter, wires. spark plugs, and self-starter.

. The lubricating system, such as che oil fikker, oil pump and screen, pres-

sure gauge. oif feed pipes, crankcase breather, and crankease filler screen
and cap.

. The cooling system, such as the radiacor, radiator connections, fan and

fan deive, water pump, and water chamber around cylinder head and
block. If scale is deposited in the radiator, remove it with a good com-
mercial radiator cleaning compound.

The valve mechanism, such as intake and exhaust valves, valve insert
seats, valve tappets, springs, guides, camshaft. and ciming gears.

. The internal pares. such as pistons, tings, pins, connecting rods and pins,

bearings, and crankshate,

. The clutch assembly, such as plates, bearings, control lever, and throw-

out pulley and puliey brake.

Emportance of Proper Lubrication—The successful operation and con-
tinved use of an intermal combustion engine depend to a large degree upon its
proper lubrication. The best oil is none too good for an engine. While good lubri-
cants cost shightly more, they are cheaper in the long run. An internal combustion
engine thar is kepr properly lubricated will require less repair than an engine which
is given little ateention or an engine which is lubricated wich inferior lubricants, A
new engine especially needs to be kept well lubricated with the proper lubricancs.

Types of Engine Lubrication Systems—A [ubrication system supplies oil to
the following places:

A OO SN A e B e

. Maia bearings
. Connecting rod bearings

Wrist pins

. Pistons and piston rings
. Camshaft bearings

. Tuming gears

. Carns and valve lifters

. Cylinder walis

. All ather working parts

There are several types of lubrication systems used:

L. Splasb System—This is the simplest of the lubrication systems. The oil in
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the crankease is splashed to the various working parts of the engine by
dippers or cups un the connecting rods.

2. O Stinger System—This system uses slingers artached to the camshate.
The system is often used in small engines.

3. Civcalating Splash Systene--This system is slightly differeat from the
steatght splash system in zhat the oil s supplied o troughs under the
connecting rods by a pump, which is located in the ceankease. The con-
aecting rods splash il from these troughs to all the working pares of the
engine.

4 Fore Feed Splash Systene—<The oil is torced by means of a pump directly to
all crankshatt bearings. The oil falls from these bearings into troughs

. below the connecting rod bearings. The connecting rods dip in these
wroughs and splash oil to the other working parts of che engine.

Fore Fud System—The connecting rods do not dip in oil. The 4il by

means of & pump is forced direcely into the main bearings and through

drilled holes in the crankshaft to the connecting rod bearings. From these
bearings the ot is thrown o the pistons, wrist pins, and.¢ylinder walls.

Eull Fuorce Feed Systene—This system forces oil by means’of a pump directly

to the maie bearings and through holes drilled jaf"the crankshaft to the

connecting eod bearings. The oil is then fofed, through oil pipes at-
tached to the connecting rods, 1o the wrisepins. The oil is then thrown to

the pistons and the cylinder walls. 7

There may be slight Vﬂffﬂti}lt}&"ﬁt these systems in ditferene internal combus-
tion engines, but the generglprinciples are the same,

3
i
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Requirements_‘pf’”l'imper Lubrication—Correct lubrication must perform
the following functions:

-t Provide an oil film berween the working surfaces in an engine so thar
: wear will be reduced.
2. Aid in che coaling of the engine.

; m 6|:L _?l.pw
Fig. 22.1. A simplified schamatic éraMun showing an oil pressure systom. The oll Is
forced, as indicated in the drawing, by a pump to the critical points in the engine, such as

the cranichaft and connecting rod hezrings, the pistons, and the valves. The paris of the
eagine not recelving oft under prassure obtain i through 3 “splash’’ system.
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3. Prevent leakage between the piston and the cylinder wall,
4. Permit alf parts to work freely.

To meet these requitements, the oil must be of the proper grade and quality.
If the piston rings are not properly sealed by the oil. there will be a loss of com-
pression, hence a loss of power. Qil will also leak by the piston rings, working into
the combustion chamber, and produce carbon deposits on the valves, spark plugs,
and ¢ylinder head and walls. 1f the oil is too thin, it will not lubricate sufficiently. If
it is woo thick, it will not flow freely. Improper lubrication is often indicated by
averheating, which produces a metallic knock in an engine.

It is best to follow the recommendations of the manufactuter as to the grade
of lubricant to use.

Changing Crankcase Oil—1It is difficult to suggest any definite frequency for
removing old oil and refilling the crankcase with fresh oil, as this depends on a
number of factors. Some of these factors are as follows:

i. The quality and grade of oil. It is only reasonable to expect an oil of high
quality and of the proper grade to outwear 2n inferior oil of the improper
grade.

2. The amoune of continuous running of the engine. An engine, especially
an automobile engite, when run continuously uses less oil, if tun at the
correct speed, than when it is run with frequent stops and starts.

3. The amount of starting and stopping in cold weather. An engine chat is
stareedd and stopped frequently in the winter will soon have the oil very
much diluted with gasoline. The choking of an engine adds gasoline to
the ol

4. The speed at which the engine is run. When an engine is tun rapidly,
much heat is generated, which burns cthe oil.

5. The tme of vear. Crankcase oil ordinarily should be changed more often
in winter because of the necessary choking and because of the condensa-
tion of moisture on the ¢ylinder walls and in the crankcase.

6. The cooling and igaition system. A cool-running engine uses less oil than
one which becomes overheated.

The oil in a crankcase should be changed whenever it loses its body and film-
forming ability. The oil should be maintained at the proper level ac ail times.

Factors in Maintaining the Quality of a Lubricant—All of the factors men-
tioned in the previous section should be considered in maintaining the quality of
oil in an engine. Also see that che carburetor is properly set to avoid rich mixtures.
Do not use the choke excess-.ely, and keep the engine in proper running condi-
tion.

Qil Classification and Weights-—Ability to flow, or viscosity, through an
opening of a standard size at certain temperatures is used to classify oils used in
engines. Viscosity at various temperatures indicates an oil’'s body, which is one of
the very important properties of an oil.

A viscosity test is used to determine the grade of an oil. The Society of Au-
tomotive Engineers (SAE) classifies oil into grades based on standardized viscosity
testing. These SAE grades are designaced by numbers, such as SAE 10 and SAE
20,
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Fig. 22.2. Check the oif leve! in the crankcase and in the hydrawlic system at irequent
intervals. (Lett) Crankease oil levet dipstick. (Right} Hydraulic oil levet dipstick.

AW designation following the SAE number indicates that the oil does not
go bevond an accepeable maximum viscosiey ar O degrees Fahrenheit tor the crank-
1ng speed nedessary to start dn engine,

A multigrade oil, such as SAE 10OW.30, has the charuceeristic of not thinning
out &t o ngh cemperacure sach as 210 degrees Fabrenheir Thus, an SAE LOW-30
otl bas the characeeristics of an SAE TOW vl at low cemperatures and provides the
protection of an SAE 30W ol ar high wemperatures,

All otis become thicker at low emperatures and thinner at high eemperarures.
1 oil s dituted by the fuel burned inan engine, it will be thinned and will have less
abuliey to lubricate properly.

A designation of SF tor an oif indicates that ic s tor a gasoline engine,




CHAPTER 23

Maintaining and Adjusting Internal
Combustion Engines

18.
t9.
20.
2L
22,

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What is the function of a carburetor?
What are the principal parts of a carburetor?
What are some types of carburetors?

- How should carburetors be cleaned and adjusted?

How should the air cleaner, sediment bowl, fuel lines, and thermostat be
cleaned, serviced, and maintained?

. What is the purpose of an intake manifold?

What methods are used in cooling internal combustion engines?
What is the function of an ignition system?

Whae are some types of ignition systems?

How should the spark plugs be ser?

. What are the steps in replacing distributor points?

12, How should the electrical system be tested, serviced, and maintained?
3. Why is ic essential to have the valves properly timed?

. How is an engine timed?

5. How are tappets adjusted?

6.
7.

Why is valve grinding important?

How should the carbon be cleaned from an engine, and why is its removal
necessary?

What is che function of piston rings?

How may faulty piston rings be detected?

How should old piston rings be removed?

How should piston rings be installed?

What are wrist pins, and how are they installed?

FUEL AND CARBURETION SYSTEM

Functioning of a Carburetor—The carburetor is one of the most essential
parts of a gasoline engine. Some of its funcrions are:

353
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. To vaparize liquid fuel.

. 'To mix che proper amount of air and fuel for efficient combustion.

. To control the proper mixture of explosive fuel for various speeds of the
engine.

‘To deliver the fuel mixcure to the cylinders.

b I wm

o

Many carburetors on the market today are very efficient and dependable when
properly installed and adjuseed.

Principal Parts of a Carburetor—Carburetors vary a great deal in their con-
struction, but there are a few principal parts which are more or less common to all
of thear. Some of these are as follows:

1. A fow! where a constane level of fuel is maintained.

2. A flsat which keeps the proper amount of fuel in the bow! by shurting off
the supply after it reaches a certain fevel in the bowl and by permitting
more tuel to enter as it is needed,

3, Jets which permit air or fuel to enter che carburetor. There are usually

twa jets, one for high speed and one for low speed.

. A renturi tube which is a part of the air tube. It causes a vacuum aro -ad
the jet or nozele, resulting in a better fuel mixeure.

5. A nerdle vafre which regulates the amount of either fuel or air,

0. A chokie ralve which is used to inceease for a short period of time the
amount of fuel in the fuel and air vapor. The choke valve is located in the
air intake opening of a carburetor. Closing the valve increases the vacuum
on the fuel jers and inceeases the amount of fuel or the richness of the
Fuel-air mixeure. '

. A butterfly or throttle ralve which regulates the flow of vaporized fuel
going o the engine.

—

Atmospheric pressure pushes air into the engine when a vacuum is created by the
pistons. At the same time, fuel from che carburctor bowl enters the carburetor as a
fine spray. This fine spray or mist mixes with the air, forming a fuel mixeure for
combustion within the cylinders.

Types of Carburetors—While there are a number of types of carburetors,
there are cnly a few which are frequently used. Some automobiles, trucks, and
tractors require special types of carburetors. Special types of carburetors are also
designed for special fuels such as propane and alcohol.

(Courtesy Standard il Co.)

Fig. 23.1 A float-feed carhuretor.
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The float-feed type of carburetor is often used. Located in the bowl is a float
which keeps the fuel at a constant level at all times. Fuel pumps are often used
with this type of carburetor. There are a number of different types of float-feed
carburetors available.

{Courtesy Univaesity of Binois)

Fig. 23.2. An automatic-typa carburelor with an adjustable idling device. (1! Air in-
taks, (2) carburetor choke, (3) outlet to angine, (4) butterfly throttle, (5) air passage sup-
ply jot, {6) Hdling needie vaive, (7} float valve culolf and seal, (8) fuel
seraan, (9) foat, (10) constant-Row opening supplying gas, (11) main jet teeder, {12)
comgensating well, {13) idling tube or jet, (14) componsating jet, {18) maln fusl jo!, (16)
venturl tube. The carbursior may be the source of considerable engine trouble. A properly
zglml and adjusted carburstor may often save 3 to 5 galions or more of fusl for each

s use.

Cleaning and Adjusting Carburetors—A carburetor cannor give efficient
service unless it is kept clean and properly adjusted. It is best to leave the car-
buretor alone as long as the engine is working properly. If it becomes necessary to
clean the carburetor, it should be removed, carefully taken apart, and washed with
a safe solvent. If possible, air should be forced through the jets and other small
openings. Install new gaskers. Rebuilding kits are available which contain new gas-
kets and the parts that normally need to be replaced. Carefully reassemble and
then reinstall the carbureror.

In adjusting a carbureror, use the following procedure:

I. Follow the directions supplied by the manufacturer of the engine.
2. Adjust cthe carburetor while the engine is running and is warm.
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3. Tuen the adjustment on the carburetor uncil the engine almost scops tun-
ning, then open the adjustment until the engine runs smoothly. If chere is
more than one adjustment, each will have to be adjusted. If the engine
seems to lope, It is getting oo much gas; that is, the mixture s 200 rich. If
the engine sputters, it is getting toe much air; that is, the mixeure is tco
tean. After the carburetor is set for the proper mixture, set the idle speed
screw to regulate the idling speed of the engine.

Common Carhuretor Troubles—There are relatively few causes of car-
buretor troubles. Dirt or other foreign material in a carburetor may plug the jets
and prohibit them from functioning propetly. If the engine spits, spurtters, almost
stops, and then starts again, there may be dirt in the carburetor. The float may
stick and cause the carbureror to overflow. Improper adjustment of the carburetor,
and worn, warped, or bent parts are causes of trouble.

The Purpose of an Intake Manifold—-After the fuel is properly mixed in a
carburetor, it must be delivered to the cylinders. This is done through an intake
manifold which aids in the vaporization of the fuel mixeure. Vaporization is has-
tened by the exhaust gas from the engine, which heats the manifold. Manufacturers
have spent considerable money to develop manifolds which will aid in the vapori-
zation of the fuel mixture before it enters the cylinders of the engine,

Fuel Injection Systems for Diesels—The fuel injection system and the com-
bustion system are designed to be carefully coordinated. The combustion system
receives the fuel as it is sprayed into the combusion chamber, completes the dis-
persion of cthe fuel by air turbulence, and thus influences the ignition of the fuel.

The fuel injection systems in diesel engines employ plunger-type pumps in
which clearances range from 0.001 to 0.0003 inch. The individual pump system
has a separate pump for each cylinder which meters at the right time a quantity of
fuel at high pressure, generally from 1,000 to 3,000 pounds per square inch, to
each cylinder. The fuel distributor system has a single pump which meters the
required quantity of fuel through a disiributor to the appropriate injecror for each
cylinder. The metering pump operates at moderate pressures of abour 50 o 100
pounds per square inch.

The pump delivery is varied to suit the requirements of the engine by two
methods. One is by the port by-pass method in which excess fuel escapes through
a port uncovered by a plunger. The other method is by the variable stroke pump
which admits fuel through a spring-loaded valve, the fuel delivery being varied by
increasing or decreasing the length of the plunger stroke.

In this brief discussion, it is apparent that the fuel injection event in a diesel
engine must be timed to occur before the end of the compression stroke. The
means used to inject che fuel in a diesel engine replaces che ignition impulse mech-
anisms in as Otto cycle engine.

Air Cleaner—An engine requires lots of clean air to operate properly. A
dirty air cleaner will not supply the clean air required. Dirt cleaned from the air by
an air cleaner may be deposited in an air cleaner cup or in a paper element filter. If
the air cleaner cup system is used, the cup must be cleaned periodically. If the air




MAIRTAINING AND ADJUSTING ENGINES 357

L
| —2EvEe

3:._____/

CLEAN AIR

(Courtesy Vocational AgricuRura Service. University of liinois)

Fig. 23.3. An Hiusirative drawing shawing the principle involved in the oparation of
an ol bath-type air cleaner.

{Courtesy Vocational Agriculture Service _mvergity of IHingis)

Fig. 23.4. Fiter elemeni-lype air cleaners. (A) A filter alemaent that can be cleaned.
{B) A paper iilter element that is discarded when it becomes dirty.

cleaner is the paper element type, replace the element when it gets dirty. The air
lines from the air cleaner to the carburetor should be checked periodically for
leaks.

Sediment Bowl and Fuel Lines—Periodic cleaning of the sediment bowl is
not very difficult, but it is imporeant for the continuing trouble-free operation of
an engine. When cleaning the sediment bowl, first shur off the valves from the fuel




358 MECHANICS IN AGRICULTURE

tank. Second, loosen the nut under the bowl and swing the bai! to one side. Re-
move the bowl with a wisting motion, and clean the bowl with a safe solvent.
While the bowl is off, check the flow of the fuel from the fuel tank. If the fuel is
dirty or does not flow freely, clean the fuel line. When the bow! is replaced, check
the gaskets and check for leaks. '

The tank cap should also be cleaned periodically and especially when the fuel
does not flow freely to the sediment bowl. The vent on the cap may become
clogged. A tank cap may be cleaned by washing it in a clean solvent and blowing
out the vent with compressed air.

Periodically the fuel lines should be cleaned and inspected. The fuel line con-
nected to the carburetor should be removed, and the screen in the fitting at the
carburetor should be cleaned with a safe solvent. If the screen is gummy, use 2
commercial gum cleaner. The flow of fuel should be checked with the fuel line

— ———jam nut

- — Gasket

- —«Screen

{Courtesy International Harvester Co.)
Fig. 23.5. An sxploded view of 2 fusl sirainer and sediment bowl.
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disconnected and the screen removed. I the flow is stuggish, cean or replace the
line. Abways check lines for leaks.

COOQLING SYSTEM

An internal combustion engine must have a cooling system, because the burn-
ing of the fuel mixeure produces much heat. ¥ the cylinders were not cooled in
some way, the engine would be destroyed. There are two common methods of
cooling engines:

L. Liguid Coolivg. This is the most common method in use ar the present
rime. The cvlinders and cylinder head are surrounded by jackets which
are kepe filled with a Hquid which circulates through them and through a
radiator. The bquid is cooled as it circulates chrough the radiator.

. Ar Cuoling. This method has been used o a limited exeent. When used,
the ovlinders are provided with ribs or fins 0 increase cheir radiating
stirface. A tan is used o foree air over the ribs or fins. This method of
cooling is most effective on small engines.

(Y]

Maodern liquid-cooted tractors wsually have a forced circulation system. A
pump is used to force the coolane chrough the system rapidly. A pressure cap is
often used on the radiator to raise the boiling point of the liquid in the circulation
system. A pressure cap that increases the pressure in the system by 6 to 7 pounds
per square inch above atmospheric pressure will increase the boiling poine of wa-
ter, for example, trom 212 to 230 degrees Fahrenheit. A 6- to 7-pound pressure
<ap has a valve that opens to prevent the pressure in the circulation system from
increasing more than 6 to 7 pounds above atmospheric pressure.

If a liquid-cooling system is used, a commercial coolant, instead of all water,
should be used in the radiator so thar excessive deposits will not result and hinder
the operation of the cooling system. Thermostats are provided on cooling systems
tr control the temperature of the liquid. Engines chat burn gasoline are usually
operazed at temperatures of 109 o 183 degrees Fahrenheie.

I an engine overheats, check the thermostat. Also, if an engine heats slowly,
check the thermostat, A faulty thermostat should be replaced with a new one of
the same temperature range.

in checking a thermostat, first clean it with a solution of warm water and
washing soda. Inspect for wear, lime deposits, and corrosion. The operation of a
thermostat may be checked in a bucket. Fill the bucketr with warter and place a
thermometer in che water. Immerse the thermostat in the bucker and heat the
water, Observe the temperature at which the thermostat closes. Cool the water and
observe the temperature at which the thermostat opens.

Anocher frequent cause of overheating of an engine is a clogged radiator and
cocling system resuleing from lime deposits. Often it is necessary to have a clogged
racharor cleaned by a radiator servicing shop, but accasionaily a radiator may be
utiplugged by the use of a flushing compound. There are many commercial flush-
ing compounds on the market, but a homemade compound may be developed by
mixing 3 pounds of washing soda with 7 galions of warter.
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PRESSURIZED RADIATOR CAPs—mmipiy

COOLANT PUMPH
THERMOSTAT

(Couritsy Tracsor and) impiement Division, Ford Motor Company)

Fig. 23.6. The cocling system ol a tractor engine. Kesp the radiator filled with coolant.

! ADIST 10
re.. DESLECTICN

{Courtesy Tracter and [mplemant Divisics. Ford Motor Company)

Fig. 23.7 Adjust the lension of the fan and generator or alternator belt.
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Some of the other causes of overheating are as follows:

I. Dumaged radizor

2. Plugged or collapsed hoses
3. Faulty water pump

4. Loose fan belt

It an engine becomes overheated and is getting some flow of coolant, idle it
tor a short period of time before stopping it. Ldling of an engine that is overheated
often allows the pistons to cool enough to prevent serious damage.

ELECTRICAL SYSTEM

The electrical system for a modern tractor usually iavolves a battery, lights, a
starter, a generator or an alternator, fuses, an ammeter, and wiring. The battery
supphies the elecerical current for the ignition system.

Servicing and Testing the Battery~The battery is of prime importance in
the successtul funcioning of the elecerical and ignition systems and should be serv-
wed frequently.

The level of the liquid oe electrolyte in a battery should be maintained at the
top of the rings in the cells of the battery. See Fig. 23.8. If distilled water is used to
miiataia the level of the electrolyte ia 2 battery, the life of the battery will be
longer. If the battery requires an excessive amount of water during normal usage,
the erouble is probably due to overcharging of che bateery.

The charge of a battery may be determined with a battery hydrometer. A

==, HOLD TUBE VERTICAL—
B0 NOT SUCK IN TQD
MUCH ELECTROLYTE

READ AT EVE LEVEL . 7

NN

MOTE: ADD DISTILLED WATER

EVERY THREF DAYS FILL TO RING

{Courtzsy Tractor and Impiement Dwsion. Ford Motar Company)
Fig. 23.8. Batteries should be checked frequently.
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hydrometer is a floating instrument which is used to measure the specific gravity or
serength of liquids,

A battery hydrometer is an inexpensive instrument and may be purchased
from firms handling avtomotive equipment. Tractor operators should own a hy-
drometer for testing the charge of batteries. See Fig. 23.8, showing the use of a
battery hydrometer. The charge of a battery is good if the hydrometer reading is
between 1.250 and 1.295 ar 80 degrees Fahrenheit. The charge of a batzery is poor
if the hydrometer reading is below 1.225 at 80 degrees Fahrenheit. The tempera-
ture of the electrolyte or liquid in a battery influences the readings obtained with a
hydromerter. If che battery is very cold or hot, a correction factor of 0.004 shouid
be used for each 10 degrees of temperature below or above 80 degrees. if any cell
in & battery gives a hydrometer reading of 0.025 below the others, that cell is
probably bad.

The ability of a battery or a cell in a battery to be charged is tested with a
voltage tester. The cost of a high-discharge voltage tester is slight, and it may be
purchased from stores handling automotive equipment. It usually consists of a
voltmeter, two sharp contace points or prods, and a resistance connection.

In using this type of voltage tester, press the two sharp contact points against
the terminals of a cell for approximately 15 seconds. If the battery is chargeable,
the voltmeter should give a steady reading of 1.7 to 1.9, If the readings for the

(s . CAPACITY

L CAPACITY

40 - CAPALITY

(Courtesy Gulf Oil Corporation)
Fig. 23.9. How temperature influences batiery efficiency.
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cells vary more than 0.2 volt, or if the volumeter reading drops during rhe test, the
battery is in poor condition. ‘

Battery terminals may corrode, or the battery may become soaked with acid.
When this occurs, wash the terminals and battery with a soda solution. Use 14
sound soda to a quart of water. When the washing has been completed, inspect the
holes in the vent caps. These holes should be kept open.

In servicing batteries, inspect the clamps. If the inside of the clamps or termi-
aals is corroded, the electrical charge will not be transmitted to the electrical sys-
tem. If corroded, scrape off corrosion on clamps and terminals. Also check for
frayed insulation on cables and for loose connections.

Barteries placed for storage during the off-season should be fully charged.
They should be stored in a cool place. It is a mistake to store a battery in a heated
building or a warm basement.

Checking the Ammeter—An ammeter is supposed to indicate the rate of
charge «r discharge of the battery. If the ammeter shows a discharge when no
electrical current is being used, check for a short circuit in the wiring, which may
be caused by frayved or worn wires. If the ammeter does not indicate a positive
charge when it should, check for the following:

L. Broken connections or wires,

2. Faulty generator or alternator. laspect the brushes. If they are worn, they
should be replaced, I the commutator or brushes are dirty, clean them
with grade 00 sandpaper. Do not use emery cloth. See Chapter 39 for
information on replacing brushes and cleaning the commuraror,

3. Faufev wemmeter.

Checking the Light Circuit—If the light circuit fails, check the fuse. If the
fuse is burned oue, check the wiring for short circuits. If the fuse is not burned out,
check the wiring for broken connections and for broken wires. Also, check the
ighe buibs to determine whether or nor they are burned our.

Servicing the Starter—A starter is a motor powered by the bateery. Periodic
checks should be made of a starter’s brushes and commuctator. See Chapter 39 for
information on servicing and cleaning electrical mortors.

If a stareer fails to operate, check for the following difficulties:

1. Loose or corroded battery connections.

2. Discharged battery. Use a battery hydromerer 1o determine the charge of

the barttery.

Loose connections or broken wires between the battery and che starter,

. Fauley starter switch. Check whether the switch is making conract when it
8 wrened on,

5. Fauley starter. See Chaprer 39 for information on motor difficulties.

B

Servicing the Generator—The brushes and the commurtator of a generator
should be inspected periodically. When the brushes and commutator get dirty, use
grade 00 sandpaper and hold it against the commutator with the engine running.
See Chapter 39 for information on servicing brushes and commutators.

A generator is provided with a cutout relay, which is usually mounted on top
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of the generator, to close the generator circuit and protect the generator. If the
cutout refay points do not close, the ammeter will register zeto. If the cutour relay
points do not open, the ammeter will show a “discharge.” If the cutout relay does
not work properly, remove the generator and have it serviced by an authorized
mechanic.

IGNITION SYSTEM

An electric spark muse be provided in a cylinder to ignite the fuel mixture,
This is the function of the ignition system. This spark must be of sufficient inten-
sity not only to ignite the fuel mixture, but also to ignite it at the correct time. A
good ignition system which functions properly is very important.

Battery Igrition System. This system involves the use of a bartery, a high-
tension coil, a switch, an amuneter, a distributor, wires, and spark plugs.

A battery ignition system is shown in Fig. 23.10. The current goes from the
battery through the breaker points and the coil, through the engine, and then back
to the battery. This circuit is known as the primary circuit and is essentially 2
low-tension circuit. As the breaker points start and stop the current, the waves of
current crass the secondary coil, creating a high-pressure current called the sec-
ondary or high-tension current. This high-tension current is often in excess of that
required to jump across the spark plug gap. A condenser takes care of the excess
current or pressure and serves as a cushion of the system.

Magneto Ignition System. The operating principles involved in this system are
the same as those involved in the battery system. The magneto generates a high-

DISTRIBUTOR

AMMETER
SWITCH

High Tension BATTERY

-1

= _Primary Winding {Low Tension}
~Secondary Winding (High Tension)

CBREAKER POINTS L

“"_'-Zg GROTN-I;)

AM '
—(_—‘i'__‘?:}— :
GONDENSER
N S _
GROUND CIRCUT THROUGH ENGINE
{Courtesy Michigan State University}

Fig. 23.13. A diagram of a typical batiery and high-tension coil Ignition system of a
four-cylinder engine. (The firing order shown is 1-3-4-2.)
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tension curreat simifar to the current provided by the battery and coil system. The
magneto unit contains primary and secondary coils, breaker poines, a condenser,
and a distributor. The diagram of the arrangement of a high-tension magneto sys-
tem is shown in Fig. 23.11.

Lmm mre e ey e o v e e o

(Courtasy Eniversity of Ilincis)

Fig. 23.11. A magneto high-tension Ignition system.

Spark Plugs—Plug points should be set a uniform distance apart, about the
thickness of 2 worn dime or a scant /a2 inch apart. See Fig. 23.13 for an ilfustration
of the methed of measuring the gap with a round-wire gauge. Adjust the gap by
moving the outside electrode up or down. Plugs should also be cleaned occasion-
ally. The outside poine of a spark plug should be somewhat U-shaped, so that any
condensacion of moisture on the point will run to the bottom of the U rather than
collect in the gap between the points and short the plug. Testing machines are now
available for testing plugs to see whether or not they are satisfactory.

Spark plugs are made for different heat ranges. In general, spark plugs should
operate cool enough to give them a long life and hot enough to prevent the exces-
sive formation of oil and soot. Constant fouling with sooty carbon indicates a need
tor a hotter plug, while blistered or cracked insulators and the rapid wearing of the
electrodes indicate a need for a cooler plug.

Distributor Points—A weak, irregular spark will decrease materially the effi-
ciency of operation of an engine. Dirty or pitted points are often the cause of a
weak or irregular spark. If the points are dirty or pitted, it is usually best to replace
them. Observe the folluwing steps in replacing points:

L. Mark the location of the rotor on the distributor cap.
2. Remove the distributor. Do not operate the engine with the starter or
crank while the distriburor is off.
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CYe. 2~

GYL. NO.3s
CYL. NO. b
VALVES

TS ST
SEPARATING -
PISTON 0N TOP
DEAD CENTER

COMPRESSION
STROKE

{Courtesy Cotlage of Agriculture, North Dakota State University}

Fig. 23.12. The wires from ma&w&m Iaad in sequence 1o the cylinders 1-2-4-3,
which is the firing order of the engine illustrated.

(Courtesy Tractar and Implement Division, Ford Motor Company)

Fig. 23.13. Remave, clean, and check gaps of spark plugs after each 240 1o 300
hours of use.
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3. Replace the points.

4. Adijust the point gap. Turn the disteibutor shaft until the arm is on the
high poiat of the cam and then adjust the gap. When the arm is on the
highest point of the cam, the points are at their widest position. Use a
feeler gauge to determine the gap. See the operator's manual for the gap
specified. If che gap is not correce, ioosen the screws holding the fixed or
stationary point, and tuen the cam until the correct gap is obsained.
Tighten the screws and recheck the gap.

. Grease the cam with a high-temperature grease,

. Replace the rotor.

. ‘Turn the rotor ro the mark placed on the distributor cap when the rotor
wus removed.

&. Put the distributor back on the engine.

8 LR

Distributor Timing—An engine must have the spark introduced into the
cylinders at che right time to operate correctly and efficiently. The timing of the
distributor determines when the spark is supplied. In timing a distributor, observe
the following procedures:

I. Ceank or turn the engine until che number one piston is on top dead
center of its comptession stroke.

2. Determine when the number one piston is on top dead center of its
compression siroke by removing the spark plug. Place your thumb over
the spark pluy hole and feel for che pressure produced by the compres-
sion stroke.

3. Dewermine the position of the piston on the compression stroke by
aligning the marks on the flywheel with the inspection opening provided

tCourtesy University of lllingis)
Fig. 23.14. Two types of spark plugs: {A) hot, {B) cold. (1) Long porcelain, b ‘9s hast

in the plug; (2) short porcsiain, allows keal to sscaps rapidly; (3) center electude; (4)
autside electrode; (5) and (6) distences heat must travel to ascape from the porcelain,
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U CONTACY PQINT: STONE
{Courtesy Tractor and kmplement Division, Forg Molor Company}

Fig. 23.15. Usa a contacl point siene on tha distributor contact points to remove
small pits.

Screw for
adjustabie
breaker point

‘Clearance
should be

Condenser 120 Inch

Breaker
post

here
_ (Courtesy International Harvestar Co.}

Fig. 23.16. Adjusting distributor breaker points.
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by the manufaceurer. Consult the operator’s manual for instructions on
finding the inspection opening provided by the manufacturer.

. ‘Furn the distributor in the direction opposite to the direction the rotor

wurns. Turn the distributor as far as possible in this direction.

. Remove the wire from the center of the distributor.

. Hold this wire near the block of the engine.

* Fuen on the ignition key.

. Ture the distributor forward slowly antil a spark is obrained.

. Tighten the nut locking the distributor in place.

. Fasten a timing hight co the number one spark plug.

F 1. Direce the light at che inspeceion opening for observing the timing

marks on the flywheel. If che engine is timed corerectly, the timing light
will iluminate the timing marks on the flywheel.

359

Proper Valve Timing Essential-—An engine must be timed properly if it is
ta perform properly. If an engine is tumed too fast, it may miss, run too rapidly,
knock, overheat, or not idle properly. If an engine is timed oo slow, it will not
have the proper pickup and will be stuggish. The valve timing of an engine should
be checked occastonally to determine whether the engine is working efficiendly.

Principles—Before an engine can be timed, one cylinder must be on top
dead center. That is, the piston must be in the cylinder as far as it will go so that
when pressure is applied to the top of the piston it will not move downward. When
a piston is in this position, it is known as top dead center (TDC), When a piston is
drawn oue of the cylinder as far as possible, it is on bottom dead center (BDC).

{Coustesy Vocational Agriculture Service, University of Hlinois}
Fig. 23.17. An illustrative drawing of the infake sirake on a four-cycle sngine, show-

ing aclion of valves, gases. and the pision.
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Most engines are marked so that the operator can tell when the engine is on dead
center.

In overhauling an engine, the operator should note whether or not the gears
are marked showing when the timing is correce. 1f they are not, they should be
marked with a center punch before being removed. This will aid in putting them
together in the correct position.

Ordinarily, it is best to check the valve timing when the piston is at the end of
the exhaust stroke. When timing a muldple-cylinder engine, turn the crankshafe
uaril the exhaust valve closes and the intake valve is just ready to open. Then put
the timing gears in place. An engine is timed by first getting it on dead center in
tespect to one cylinder. Usually this can be determined by observing the valve
action or by inserdng a small rod chrough the spark plug hole onto the top of the
piston. The timing is chen checked through the distributor box. Observe the firing
order of the engine-—that is, the cylinder order, for example, 1-2-4-3—in which
the spark is to occur. ‘

The intake valve begins to open when the crankshaft has rotated about 10
degrees past TDC, and it remains open unril the crankshaft has rotated about 30
. degrees past BDC. The range of operation of the intake valve is about 200 de-
grees. The compression cycle starts abour 30 degrees after and ends on TDC at the
end of the first revolution of the crankshaft. Compression is thus developed during
about 150 degrees of a revolution of the crankshafe.

Ignition occurs at TDC, after compression, and the power stroke carries

tGourtesy Voralionak Agriculture Service. Universily of 1linnis)

Fig. 23.18. An illusiraiive drawing of the compression sirake on a four-cycle sngine,
showing position of vaives and acfion of the piston.
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(Courtesy vocabonat Agncutute Semvce. Urversity of Jlinois)

Fig. 23.19. An Ulustrative drawing of the power sirake on a four-cycle englne, show-
ing position of vaives and action of the spark plug and piston.

tCourtesy Vocationat Agricutture Service, University of Ifinpis)

Fig. 23.20. An illustrative -drawing of the exhaus! stroke on a four-cycle -angine, -
showing position of valves and acticn of gasss and the piston.
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through until the crank is about 45 degrees ahead of BDC, when the exhaust valve
starts to open. The power stroke is therefore effective for about 135 degrees of a
revolution of the crankshaft. The flywheel and any counterbalances “smooth out”
the crankshaft rotation and “carry over” the power of the engine until the next
power impulse.

The exhause valve opens about 45 degrees ahead of BDC and remains open
untif about § degrees past TDC, or for about 230 degrees. This completes the
second revolution of the crankshaft, and the four-stroke cycle is complete.

ADJUSTING TAPPETS

The proper adjustment of the valve tappet clearances is essential to efficient
eagine performance. Farmers and nonfarm agricultural workers operating engines
should underseand che principles of valve timing, but should not attempt to change
the timiog of the valves of engines except as the timing is adjusted in the process
of proper tappet adjustment. Tappets that are adjusted with excessive clearance are
noisy. Excessive dearance also changes the valve timing stightly, which may reduce
the efficiency of the engine,

Tappets wicth inadequate clearance will not close tightly. This may produce
overheating, valve warping, and loss of power.

In adjusting valve tappet clearances, proceed in the following manner:

. Operate the engine until it reaches normal operating temperature.

. Remove the spark plugs.

. Turn the engine until the number one piston is on top dead center (TDC)
on the compression storke. The piston is on TDC on the compression
stroke when both valves are closed anid the piston is as high as it will go.
This can be measured with a wire ehrough the spark plug hole. Be sure
the wire is not on the top of 4 valve

4. Use a tlae feeler gauge 1o check the gap between the valve stem and its

rocker arm. Determine the recommended cearance by consulting the

operator's manual for the engine,

b Bad

(Courtesy University of Mingis)

Fig. 23.21. A delailed view of overhead valve and rocker-arm clearance adjustment.
(1} Valve spring, (2) vaive stem, (3) valve clearance, (4) rocker arm, (5) rocker-arm ad-
justing balt, (6) and (7) lock nuts, (8) ball-and-socket joint, (9) push rod, (10) ol hole,
{11} removable bronze bushing, (12) rocker arm and shaft.
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5. Loeosen the lock nut and ruen the adjusting screw with a screwdriver uatil
the desired clearance is obtained.
&. Repeat the procedure on the other cylinders.

VALVE GRINDING

importance—An eagine will not have the proper compression unless the
valves fit perfectly. If cthe valves do not fit properly in their seats, compression will
leak by them. The exhaust valves often become burned, pitted, or warped and will
have to be refaced and ground. If badly warped, they should be replaced. The
intake valves, while not ordinarily damaged badly, should be ground at the same
time the exhaust valves are ground. )

Essential Tools and Supplies for Valve Grinding—Special equipment has
been developed for use in refacing and reseating valves. This type of equipment is
espensive, and its use requires considecable skill. Coasequently, it is not usually
available in school agricultural mechanics shops and in farm or agricultural business
shops. The vaives may be removed for checking or for refacing or grinding at a
commercial garage. The following is a partial list of equipment and supplies which
will be needed for the removal of valves.

. Valve lifrer
2. Valve spriag tester

(Courtesy University of {Binois)
Fig- 23.22. A detalied view of an £-head valve assembly.
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Valve ool for use in replacing valve keepers
Emery cloth

A good grade of oil

6. Cotton waste

Cleaning solvent

RV R

Valve Grinding Operation—\With modern gasoline engines, it is usually best
to have the valves refaced and the valve seats reamed by a qualified mechanic, who
uses equipment especially designed for that purpose. Operators of engines usually
do not have the tools or the necessary skill to resear and reface valves.

In removing and replacing valves, use the following procedure:

. Reraove the head of the engine.

. Remove the springs and pins or keepers botding che valves.

Remove the valves, suarking them if they are not already marked, and put

them i valve rack to keep them in order so that they will be replaced

s their proper places,

4. Examine the valves and have them commercially eefaced, if needed. i the
valves are warped or have thin edges, replace them with new ones.

5. Replace the valves,

6. Clean, test, and replace the valve springs and keepers.

Put the cylinder head in place, using new gaskets.

8. Tighten the cvlinder head bolts or nuts, following the manufacourer’s in-
SEPRCLIGAS,

Y. Retighten the boles or nuts afeer the engine has been operated.

e Fd e

. (Courtesy Caterpillar Tractor Co.)
Fig. 23.23. Check valve clearance afier each 240 to 300 hours of use.

Removing Carbon- Carbon should be cleaned from an engine when the
valves are removed. All carbon should be removed from the cylinder head, valves,
and pistons. A putty knife and a wire brush are very satisfactory tools to use in
performing this job.
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Following are a few of the rroubles which are caused by carbon deposits:

. They may interfere with the action of the valves, not permitting them to
seae properly.

2. They may cause the engine to heat.

3. They may cause a knock, especially when the engine is hot and pulling.

Carbon depaosits reduce the efficiency of an engine and may indirectly cause
numerous other difficulties.

FITTING AND ADJUSTING PISTON RINGS
AND PISTON PINS

Function of Piston Rings—Piston rings are used to form a gas-tight fit be-
tween the piston and cthe cyhinder. They prevent gas leakage and the loss of an
excessive amount of oil. They also aid in giviag good compression to an engine.

Detecting Faulty Piston Rings—Some of the ways fauley piston rings may
be detected are as follows:

I. Excessive oil consumption by an engine indicates chat the piscon rings are
not properly sealing the space beween the cylinder wall and the piston,

2. Loss of power and compression indicates worn piston rings which permit
& leakage of gas berween the piston and the ¢vlinder wall.

3. An excessive amount of smoke from the exhause indicates that oil is es-
caping past the rings.

Removing Old Rings—Before new rings can be installed, the old rings must
be removed. This may be done by breaking the rings or by slipping three or four
strips of meral or old hacksaw blades, which have had the teeth filed off, under the
rings. ‘These strips permit the rings to be lifted our of the grooves in the piston.
After the piston rings have been removed all carbon deposics should be removed
from the grooves in the pistons, A screwdriver the same size as the grooves of a
piece of broken piston ring may be used to remove the carbon.

(Courtesy Ganeral Motors Corp.}
Fig. 23.24. A schematic drawing of a pistan, rings, and a piston pin.
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Installing Piston Rings—Piston rings are constructed so that they will ex-
pand against the cylinder walls; consequently, when they are not in the cylinders
they are larger in diameter than when they are compressed within the cylinder
walls. Piston rings are splic on one side to permit them to spring within the cylin-
der walls. When installing rings, by sure to select rings which are of the correct size
tor the cylinders. This may be determined by inserting the rings in the cylinders. A
ring should touch all edges of a cylinder wall. While a ring should come in contact
with the cylinder wall, it should have sufficient space between the split ends to
aflow for expansion. If it does not, the ends may be riled slightly. Use the engine
manufacturer's recommendations for ring gap cleararce. It is usually 0.002 inch
clearance per inch of cvlinder diameter. The rings should come in contace with the
sides of the grooves in the pistons, bur they should move freely. If they are too
tight, they may be made slightly smaller with an emery cloth. The rings should he
put in place by sliding them down over strips of metal. After the rings are in place,
the pistons should be oiled and placed ia the cylinder. The rings may be com-
pressed with a compressor made for that purpose.

Instalting Piston Pins—The pins which fasten the pistons to the connecting
rads are called piston pins, or wrist pins. These pins are fitted in bushings. which
prevent excessive wear. Loose wrist pins are casily detected by a definite knock
when the engine is idling. Slightly loose pins do little damage, but it is very annoy-
ing to the operator to hear a knock of this kind in an engine. The bushings are
ordinarily put in the piston under pressure, and the pins are made to fit snugly in
the bushings.

SMALL ENGINES

Small gasoline engines are frequenely used in farming and in related agricul-
tural businesses. They are used on chain saws, weed cutters and mowers, air com-
pressors, water pumps, and garden tractors. Small gasoline engines may be either
four-cycle or ewo-cycle engines. (See Chapter 21 for a discussion of the principles
of operation of two-cvcle and four-cycle engines.) Two-cycle engines may be buile
ser that they are smaller in size and lighter in weighe than four-cycle engines. They
are often used, therefore, as a source of power where size and light weight are
important, such as for 2 chain saw.

Principles of Operation—The principles of operation of small engines are
the same as for larger engines. These principles are presented in Chapter 21, “Un-
derstanding the Fundamental Principles of Engines.” See Chaprer 22, “Operating
and Lubricating Engines,” for the principles relating to these two activities. For the
principles of the carburization system, the cooling system, and the electrical sys-
tem, see earlier sections in chis chapter, “Maintaining and Adjusting Internal Com-
bustion Engines.” The principles of overhauling engines are also discussed in this
chaprer.

Small engines may be water-cooled. or air-cooled. However, most small en-
gines are air-cooled. The cylinder and che cylinder head often have ridges or fins.
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Fig. 23.25. A two-cycla small englne.
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Fig. 23.26. A special holding wrench for lgosening the Aywheel on small engines. {A)
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These ridges or fins increase the area exposed to the air, which promotes cooling.
The ridges or fins also provide strengeh, which permits the walls of che cylinder
and eylinder head to be thinner. They also promote cooling.

prevent overheating. Dire and grease on the cylinder and cylinder head will quickly
decrease the cooling capacity of che engine.

certain essential work procedures. The following is a list of those procedures:
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t - RUN NUT DOWN FLUSH WITH END OF SHAFT
| 2 - FASTEN FLYWHEEL PULLER TO FLYWHEEL
[ WiTH 2 SELF-TAPBING SCREWS

3 - TUAN DOWN THESE 2 NUTS

{Courtesy Votationai Agricuttuie Sarce. University of Iineis)

Fip. 23.27. For some small engines a spacial pulier ks requirad to remove the
thywhesl.

The cylinder and cylinder head of air-cooled engines must be kept clean to

Work Procedures-~When working on engines, either small or large, follow

1. Before work is stareed, secure the manuals, booklets, and information
supplied by the manufacturer for the engine,
2, Before work is started, secure the wols w do the job, to the extent
possible. Cerrain specialized wools are needed for small engine work.
They are;
a.  flywheel holder
recoil mechanism wrench
flywheel puller
vilve ring compressor
piston ring expander
thickness gauges
micrometer
telescoping gauges
torque wrench
cylinder ridge reamec
valve grinder
valve facer
. point file
miscellaneous tools—box-end wrenches, Allen wrenches, diagonal
cutting pliers, needle nose pliers, screwdrivers, center punch, pin
punch, hammer, open-end wrenches '
3. Secure, also before work is started, the following miscellaneous items:
clean wiping cloths
flar pan for cleaning solvent
safe cleaning solvent—wor gasoline or carbon tetrachloride
small brush for cleaning parts
trays or small cans for storing parts
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f. clean working surface

g safety containers for gasoline removed from engine and for adding

to engine

h. oil storage container

. Before starting work on engine, clean exterior of engine.

. Place all bolts, studs, and screws removed in a container and fabel zach
item.

. Remove gaskets carefully and label. When reassembling, it is usually
advisable to use new gaskets.

7. Use center punch to mark parts to help in cheir reassembly. This is
especially important for parts that can be reversed. Before marking
parts, fook for assembly marks that may have been provided by che
manufacturer.

8. Drain gasoline from engine before work is started.

9. Drain oif from erankcase and air cleaner.

10. Seiect correct tool for job.

1L. Be careful to return parts to original location when reassembling.

12. Consult manuals provided by manufacturer for correct disassembly and
assembly procedures.

t3. Use operator’s manual for adjustment and tolerance specifications.

I4. Clean all parts as they are removed.

I3, Lay out all parts removed on work surface in “exploded fashion.”

16. Locate timing marks on crankshaft, camshaft gear, and magneto gear.

§7. Sketch parts before and during disassembiy if difficulty is anticipated in
reasserably.

I8. Coar movable parts with light oil before reassembly.

[~ -3

Trouble Shooting and Tune-Up—Often the major difficulty with a small
engine is troubie in starting. When a small engine is difficult to start or will not
stare, the compression, the carburetion, and the ignition should be checked. First,
check the compression. Turn the flywheel quickly and note whether or not it re-
bounds on the compression siroke. If the flywheel repounds, the compression
should be sufficient for starting the engine. If it does not rebound, remove the
spack plug and place a tablespoon of oil in the cylinder. The piston should be in a
vertical position when the oil is placed in the cylinder. This will prevent the oil
from getting on the valves. Replace the spark plug and again turn the flywheel
quickly. If the flywheel rebounds, it probably indicates that the piston, cylinder, or
sings are worn. The oil has produced a temporary seal. Give the oil time to drain
to the crankcase. Check the compression again. If the flywheel does not rebound
after a quick turn, the engine needs to be overhauled.

If the oil added through the spark plug hole does not increase the compres-
sion of the engine, suspect leaking or stuck valves. An overhau! or valve grinding
job is indicated.

If the compression is satisfactory, check the carburetion. First, check whether
or not the gasoline tank contains gas. In fact, when an engine does not start, this
should be the first check to make. Many small engines have a gravity-fed fuel
system. I the tank contains fuel, check the fuel line. First, loosen the fuel line at
the carburetor to determine whether or not fuel runs ouc. ¥f it does, empty and
clean the sediment bowl, assuming the engine has a sediment bowl. Be sure to
clean the screen in the sediment bowl. Check the vent hole in the cap for the tank
and make certain it is open.




380 MECHANICS IN AGRICULTURE

For a suction carburetor, remove the fuel line and check for stoppages. Clean
the foor valve. Fill the line full of fuel and check whether or not the foot valve is
warking properly.

Next, check the needle valve settings for the carburetor. See the operator’s
manual. After closing the valve, open it the number of turns recommended ia the
operator's manual. If a manual is not available, experiment by opening the main
valve L5 turns and the idling valve 34 turn.

When an engine does not start, it may be due to flooding. If flooding is the
cause of the failure to start, remove the spark plug and wipe it dry. Then turn the
engine over several times with the spark plug removed to eliminate the excess fuel.
Replace che plug and attempt to stare the engine. .

Flooding of a small engine may be caused by excessive choking or by a dirry,
plugged air cleaner. If the air cleaner is the cause of flocding, clean it. If, after the
carburetion and the compression are checked, the engine does not start, the trou-
ble may indicate chat the carburetor aceds to be complerely overhauled.

En addition ro checking the compression and the carburetion, check the igni-
tion when the engine does not start.

First, check the condition of the spark plug. Put in a new spark plug it the
electrodes on the old plug are fouled, corroded, or burned. Check the spark by
taying the connected plug on top of the engine head and turning the engine over.
The breaker points are probably the cause of the difficulty if che spark is missing,
irregutar, or weak.

Consult the operator’s manual for locating or getting to the breaker points and
tor directions on serting them. The breaker points are often behind che flywheel,
which means that the flywheel must be removed to set the breaker points.

Clean che breaker points and make certain they are free from oil. Ser the
breaker points gap so that the points close completely and so that they open to the
gap specified in che operator's manual. After the preceding suggested checking, the
engine should seart. If it does not, a complete overhaul of the ignition system may
be needed.

After an engine is started, following trouble shooting or an overhaul, a final
tune-up of che carburetion is needed. Let the engine warm up, then adjust the
idle-speed valve. See the operator's manual for recommended idling speed. Adjust
the idling adjustment screw until the engine runs at the desired speed. Then, run
the engine ac full speed and adjust the main fuei vaive. First, turn the screw back
until the engine falters and then turn it forward uneil the engine runs smoothly.
Also adjust it under load.

Overhaul—Major overhaul of a small engine is citen more costly than the
purchase of a new engine. [f a major overhaul is undertaken, first consult the
operator's manual and also review Chapters 21, 22, and chis chapter.




VI

TRUCKS AND TRACTORS

Student Abllities to Be Developed

- Ability 10 select trucks and tractors which will best meet individual needs on

farms and in nonfarm agricultural businesses.

Ability to use trucks and tractors properly.

Ability to lubricate trucks and tractors correctly.

Ability to recognize common truck and tractor troubles.
Ability to pecform the ordinary truck and tractor repair jobs.
Ability co maintain trucks and tractors.




CHAPTER 24

Selecting, Operating, and
Maintaining Trucks

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

What factors should be considered in selecting a truck?

What factors shouid be considered in loading a rruck?

How can the life of tires be increased?

How should a truck be driven?

How often should a truck be lubricated?

6. What precautions are necessary in the care and maintenance of a truck?
How should a truck be housed?

e B e
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Selecting a Truck—Some of the factors to consider in selecting a truck for
agricultural purposes are as follows:

t. The purpose for which the truck is to be used.

2. The size and type of reuck which will best meet farm or nonfarm agricul-
eural business needs.

3. The cose and che money available.

4 The size of the agricultura) business.

5. The amount of annual use of the ruck.

6. The number and kind of trucks already available.

7. The econumy of operation,

8. The availability of repair parts.

Carefully consider all of these factors before securing a truck.

Proper Maintenance Essential—The proper preventive maintenance of a truck
will help to prevent many breakdowns which may be costly and result in a consid-
erable loss of time. It is desirable to maintain a truck in a way that will eliminate,
insofar as possible, the need for repairs. This can be accomplished through such
activities as:

I. Lubricating the rruck at frequent intervals wich the correct grade of lubri-
cant.

. Checking esseatial parts ar regular intervals.
. Driving carefully and at the proper speed.

Wb
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4. Loading properly.

3. Caring for the cooling system and ignition system properly.
6. Keeping the tires properly inflated.

7. Protecting the teuck from the weather when it is not in use.

Loading the Truck—When loading a truck, distribute the weight properly
{1} to prevent excessive weight on certain working parts such as springs and axles,
(2) to help prevenr accidents, and (3) to avoid undue wear on certain tires. The
overloading of a truck is false economy and an unwise procedure. The maximum
load should not be greater than that recommended by the company which built the
wruck.

Caring for the Tires—The life of the tires and the amount of use obtained
from them is influenced by the care given them. The following precautions should

be aken:

1. Keep the tires properly inflated according to the recommendations of the
manufacturet. :

2. Keep the wheels in alignment,

3. Rotate the tires every 2,000 to 3,000 miles, With a rear-wheel drive, the
tires on the right side of the truck often wear faster than those on the left
side, and the rear tires often wear faster than the fron tires.

4, Drive ar a reasonable speed. Increasing the speed of a eruck increases the
loss of rubbet,

5. Have damaged tires repaired at oace.

6. Keep the truck protected from the weather when it is not in use.

Driving a Truck—The careful driving of a truck is an important part of its
preventive maintenance. The following precautions should be taken:

[. Let the engine become warm before starting to drive.

2. Drive at a reasonable and safe speed. This will depend on the load, roads,
weather, and condition of the truck. Avoid driving ar an excessive speed.
Have all lighes operating with the proper size bulbs when driving at night.
Drive at a safe speed around curves and corners,

Avoid overpulling while in high gear; change gears.

6. Avaid starting or stopping quickly,

7. Make sure the brakes, windshicld wipers, and horn operate properly.

B L

Lubricating the Truck—A little grease and oil, if correctly applied at the
proper time, can save many costly repair bills. The following parts should be jubri-
cated:

Engine—Keep the oil in the crankcase ac the proper level as shown on
the dipstick. It is a good practice o check the oil each time gasoline is put in
the rank. Use a grade of oil with specifications as recommended by the man-
ufacturer.

Generator and Starting Mator—Use engine oil SAE No. 20, two to.four
drops.

Steering Knuckle—Use pressure gun grease.

Steering Connections —Use pressure gun grease.

Clutch Pedal Linkage—Use engine oil SAE No. 30.

Pedal Arm Hub Bearing—Use engine oil SAE No. 20.

Parking Brake Linkage—Use engine ail SAE No. 20,

Clutch Refease Shafr—Use engine 0il SAE No. 20.
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Bropeller Shaft Splines—\Use pressure gun grease.

Undversal fosntr—Use only a good grade of pressure gun grease. 1f joines
have needle point bearings. disassemble and repack with pressure gun
grease.

Spring Shackles—Rubber-mounted spring shackles require no lubrica-
tion: for the metal bushing type, use pressure gun grease.

Evont Whee! Bearings —Remove the wheel and bearings and pack the
bearings with wheel bearing grease. Replace the wheel and adjust the bear-
ings. De nor fill the hubcap.

Swerrng Gear—Fill through the fitting with a recommended steering
gear hubricane dlight for winter and heavy for summer).

Bstribator—Remove the distributor cover and the rotor. Lubricate ac-
cording to the manufaceurer’s directions.

Transpesssion—Llee onty lubricant with specifications as recommended
by the manufacturer, and fill to the level of the filler plug hole.

Rear Axle—WUse only lubricant with specifications as recommended by
the manufaceyrer, and fill ro che fevel of che filler plug hole or according to
the manufacturet’s instructions.

Rear Wheel Bearingi—Remove the wheels and follow the manufacturer’s
recommendations.

Water Pump--Where the water pump is pre-packed with lubricant,
wrnder noemal operations it should require no additional lubricane. On water
pumps. having fiteings, use a good grade of special water pump lubricant.

Speedorieter Cable—Every 10,000 miles lubricate with SAE No. 90 min-
ezral oil. Check for leakage where the speedometer cable enters the transmis-
$LoMy

Other Precautions in Preventive Maintenance—Some other essentials in
preventive maintenance are:

Lo

. Reep clean distilled water above the plates of the battery at all times.
Cheek often.

. Keep connections to barrerv clean and tight,

. Keep brakes properly lined and adjusted.

. Keep fluid in the master cylinder at the proper level for hydraulic

brakes.

5. Check aleernator,

6. Hf truck bas a generacor, check voltage regulator, generator, and amme-
ter accasionally (o see whether or not they are working properly. A
fauley - . Yeage regulator may cause the generator 1o burn out or over-
chas « <ne battery,

7. Clean the fuel fikter occasionaily,

8. Keep the air ceaner clean.
9, Protect che finish of the truck.
£0, Paint when needed. Thoroughly clean all rusted areas before painting.

e B

Essentials of Correct Performance—There are a number of essenrial items
which affect efficient performance of a truck used for agricultural purposes. They
may be grouped under five headings: (1) Carburetion, (2) Ignition, (3) Compres-
ston, (4) Fuel System, and (5) Miscellaneous.

Carburetion—Efficient vaporization of fuel is necessary to give smooth and
economical performance. Sec Chapter 23 for information on carburetion.

Ignition—A hot spark ar the right instant is especially iraportant. See Chapter
23 for information on ignition.
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Compression—The lower the speeds at which trucks are driven, che more
evident the faults in compression become. At high speeds, toss of compression
through faulty valves, ill-fitting pistons and rings, and scored cylinder bores is re-
duced to a minimum because of cthe speed at which the pistons travel. For efficient
and economical operation at low speeds, compression should not vary more than
10 pounds among cylinders. If ic does, steps should be taken to bring it up to
noemal in alf the cylinders.

Fuel System—The fuel system presents no problems peculiar to low-speed
aperation, but for smooth, economical performance, there must be no interference
with the steady flow of gasoline to the carburetor bowl. The causes of faulty fuel
distribution are:

Fuel pump strainer screen clogged.

Fuel pump sediment chamber direy or leaking.
Fuet pump diaphragm, valve, or shafe leaks.
Fuel pump pressure too high or too low.
Tank ot hiae leakage.

Clogged gasoline lines.

Poor grade of gasotine.

R R SN PR

Miscellaneaus—The following should not be overlooked in any service to
make a cruck give peak performance.

. Tires=—=pressure too low,

« Clutch slippage.

Interterence with free rolling of vehicle.

4. Front wheel misalignment—excessive toe-in or -out.

Al o

Housing a Truck—Ic is important to keep a truck protected from the
weather when it is not in use. Various types of housing facilities may be provided,
such as a garage for an auto, a truck, and a tractor; a building for a shop, a truck,
and a wractor;, or an implement shed in which there may be space for a shop, a
eruck, a tractor, and other farm machinery.




CHAPTER 25

Selecting, Operating, and
Maintaining Tractors

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

it

What factors should be considered in selecting a tractor?
What should a farmer, or a tractor operator in a nonfarm agriculeural busi-
ness, know about the care and repair of tractors?
How should a tractor be maintained?

- How should the hydraulic system be serviced, adjusted, and maintained?
How should tractors be prepared for storage?
What procedures should be used in starting tractors that have been in stor-

age?

o

O v b e

SELECTING TRACTORS

Selecting a Tractor as a Power Plant—A tractor should be selected only
after the advantages and disadvantages of che different types available are consid-
ered. Original cost, adapuability, soil conditions, work to be done, anaual use,
economy, and timeliness of operations are factors to consider ir: selecting a tractor.
‘The ability of an operator to operate, maincain, and adjust che tractor selecred is
also important.

MAINTAINING TRACTORS

Proper Care Important—The proper care and preventive maintenance of a
tractor are very imporant 5o that field delays are reduced to a minimum. A #ractor
should be maintained and operated so that the need for repair is reduced to a minimum.
Repairs are expensive, and there may be long delays in gecting the desired parts
and in geteing them installed. Preventive matntenance is the best insutance against
breakdowns, costly repairs, and trouble.

What a Tractor Operator Should Do—A tractor operator should have the

387
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{Courtesy Vezationat Agriculture Service, University of llincis)

Fig. 25.1. In malntenancs checks, examine the fan beit for correct tension and for
wesr.

(Courtesy Vocational Agriculture Seevice, University of Iinola)

Fig. 25.2. (n malatenance chacks, axamine all hosss. Look for both external checking
and internal detarioraiien.

ability to operate, adjust, and maintain the tractor. The operator should have the
knowledge and skill necessary for doing unspecialized tractor repair jobs. The
more specialized jobs such as reboring cylinders, building up worn parts, and
overhauling the transmission or differential should in most instances be done by a
specialized mechanic or under the supervision of a mechanic. The repair work a
tractor operator should do should depend on the person’s ability to perform the
job and on the time and facilities available.

L]
Engine—Since most tractor service work includes the engine, the repair and
adjustment information given in the chapters on engines is applicable.

Clutch—A clutch permits the gradual application of power from the engine to
the load. It permits the disengagement of the engine from the drive mechanisms
for starting, for shifting of gears, and for idling. A clutch is a disk mechanism
operating on a friction basis, :

Check the cluch periodically. The clurch linkage wears with use and may
need adjustment. The clutch pedal should have “free travel,” the distance the pedal
can be depressed before the clutch begins to disengage. See the operator’s manual
for the amount of “free travel” of the clutch pedal recommended and for the
method of adjusting the linkage. Lack of clearance or “free travel” of the clutch
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pedal may cause a loss of power and overhearing, and may result in a necessary
early replacement of che cluech facing.

Transmission--Usually when a tractor’s transmission needs repairing, special
equipment is needed, and someone familiar with this work should do the job or
assise with it. Following are some checks on the transmission that can be made by
the operator of & tractor:

I. Check tor oil leaks past the shafts exeending from the bousing. If leaks
are present, the oil rewainers, packing, or gaskets need eightening or re-
placing.

2. Check the play in the gears by jacking up each rear wheel and rocking the
wheels back and forth. Undue wear will be indicated by excessive play. If
the play seems excessive, have the gears examined by a mechanic.

3. Check the play or wear in the axle bearing by lifting each wheel up and
down with a bar, and by pushing and pulling each wheel sidewise. Too

" much wear in the axle bearings will resule in o1l leakage. However, the oil
retainer glands should also be examined, because they alone may be the
cause of the leakage of oil.

4. Check rear wheel brakes for wear and for the adjustment needed. High-
speed eractors should have their brakes adjusted evealy, and their brakes
should aot grab.

Differential and Final Drive—The differential contains gears that permit the
inside wheel of a turning tractor to travel stower and che outside wheel o travel
faster. The final drive gears consist of the gears that drive the wheels, Usually the
differential and final drive gears are located in che same housing and ave lubricated
with the same tubricane,

The operator’s manuid for many tractors recommends thae che differential and
final drive be drained and refilled after each 1,200 hours of use. Check the
operator's manual for recommendations regarding frequency of oil change and
type of lubricant to use.

Power Take-Off—The power take-off on a tractor is powered directly from
the engine and may be used to operate machines. The power take-off is usually
contralled by a separate disk clutch which is operated hydraulically. Thus, che mo-
tion of the tractor does not influence the speed of the power take-off shaft, and the
starting or stopping of the power take-off shaft does not influence the speed of the
tractor.

Tractor operators often become entangled in power take-of? shafts. Always
stop the shaft before dismounting from a cractor. Always keep the power take-off
shaft covered with a shield.

The clutch for a power take-off should not be slipped in acemprs to free
plugged equipment. Slippage will damage the cluech.

Consule the operator’s manual for instructions on the operating and servicing
of the power take-off.

Steering Mechanism—Many tractors have power stecring. If rhe steering is
of the hydrostatic type, there is no mechanical connection between the steering
wheel and the front axle. In che hydrostatic system cthere is 2 fluid rather than
mechanical linkage. '
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Power steering is part of the hydraulic system of the tractor. Consult the
operator's manual on the operating and servicing of hydraulic systems when the
tractor has power steering.

If the steering mechanism has a mechanicat linkage, the linkage should be
lubricated periodically following recommendations of the operator’'s marual.
Periodic checks should be made for excessive wear in che steering linkage, Consolt
the operator's manual for instructions on adjustment of steering linkage.

Brakes—Tractors are often equipped with power brakes that are hydraulically
aperated. The brake mechanism needs to be checked periodically. The pedals

SPEED

Priving too fast is a factor in most
tractor upsets. Many occur while
tractor s being driven to or from
work. Slow down and get therel

CROSSING SLOPES

A hole. bump, or quick tum can
bring tragedy on a slope. Be
axtra careful if the slope is ioo
aleep. Doat try lo farm il

tractors don't mix--safely, But
more operaiors are killed on pub-
lic roads by tracior upeeis than
by collisions. Avold heavy traific!

MISUSE
"

Mamy deaths result ffom running
srrands, berding cottle. or just
plain horsaplaw on tractors. Sa:
a horse! Use your fractor lor
the fohs it's dosigned to do.

ways

your fraclor in gear!

HIDDEN OBSTACLES

A big tractor tire has lots of
“bounce.” A hidden log, stump,.
or stone can throw you. Be alert,
slow down for tall weeds or grass.

(Courtesy Farm Safety Risyiew, National Safety Councily

Fig. 26.3. Suggestions regarding the safe operation ef tractors.
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should have the amount of “free travel” recommended by the manufacturer of the
wractor. A check should be made to determine whether or not the pedals remain in
alignment when an equal foree is applied to each. The two pedals should remain at
the same height.

Consule the operator’s manual for instructions on the following operations:

f L S

. Adjusting for the wear of brake linings
. Adjusting aof the hvdrautic brake valve

. Bleeding of the hydraulic brake system
. Adjusting of the brake pedals

| pen when going uphill.

Backward upsets are apt to hap-
1f you
have to go up a really steep one,

' back the tracter up the slope!

DITCHES

This tractor may tip backwards
when power is applied. Sideways
upsets often happen in ditches.
Avcid steep bhanks. Cross ditches
where banks have gradual slope,

| HIGH HITCH

| Hitching 1o the axle or seat brack-

ot can cause & hackward upset.
Don't de it! Never attempt to pull
a Toad with the drawba removed.

MUD

Something will fum i power s
applied. If the wheols stick, the
chassis will revolve around axle.
When you can’t baclk out, get help.

LOADS ON FRONT

A font end loader is a labor
saver. But it makes o tricycle
traclor easy to tip. Use loader
with care. Add recr wheel welights,

LOADS ON DRAWBAR

L
Logds on the drawbar Increase
the chances of a backward upaet.
Rdd kont end weights for balance.
Handle tractor with care on slopes.

tCourtesy Farm Savety Reviow, National Safety Council)

Fig. 25.4. Suggestions regarding the safe oparaticn of tractars.
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Hitching Equipment to the Tractor—All trailing equipment must be at-
tached to the drawbar of the tractor. Tractors come equipped with different types
of drawbars, such as fixed drawbars, swinging drawbars, cross drawbars for a
eheee-poine hirch, and cross drawbars for a ewo-point hitch. Consult the operator’s
manual for instructions regarding hitching and for instructions regarding the ad-
justment of the drawbar.

The center of pull should be straight ahead from the center of resistance of
the erailing equipment. The wideh of the tread of the tractor may often be adjusted
to perntit the center of pull to be approximately straight ahead of the center of
resistance. The operator’s manual should be consulted for instructions regarding
adjusting the widch of the tread of the tractor.

Wheels and Chassis—The wheels, steering mechanism, fenders, seat, plat-
toem, drawbar, and other chassis pares do not often cause trouble and for this
reason are often neglecred uatil trouble or failure occurs.

I Check the rear and troat wheels tor loose eims, lugs, or other parts.
Track-tepe tractors should be inspeceed, adjusted, and repaired according
to the instruction book supplied by the manufaceurer.

2. Remove the tront wheels onee o vear, wash the bearings, and repack with
a front wheel bearing lubricant. Follow the instructions given by the
manutacturer ot by ol companies for the type of lubricant to use. A
special lubricant s usually necessary,

3. Check for wear 1o the bearings of the frone wheels. Use the method given

tor checking rear wheel bearings.

. Check the "seal” of the wheel bearings.

5. Inspect the steering mechanism for wear and for repaics and adjustments
needed, Warch for bent rods or damaged parts. Replenish the fubricane in
the steering gear housing according o the manufacturer's instructions.

6. Check fenders, scat, platform, and drawbar co sce thae alt bolts or fasten-

ings are in goad condition and tghtened properly.

fnspect rubber tires for curs and bruises. Have needed repairs made at

once. Follow the manufacturer's instructions regarding the proper air

pressure and correct weight co add o cires o prevent slippage.

Servicing Tires—-Correct tire inflation is important. Correct inflation will in-
crease the hife of a dre. Underinflation causes excessive wear of sidewalls of tires.
Overinflation increases the incidence of fabric breaks in tires. Determining exces-
sive underinflation and overinflaticn is often possible even withour a rire gauge.
An underinflated tire will be buckled on the underside when the tractor is stand-
ing. The tread bars of the tire will not touch the ground at the outside edge when
the tire is overinflated. On a correctly inflated tire, there will only be a slighe
buckling of the underside of the tre, and the entire length of the tread bar should
ke in contact with the ground. Check tire inflation frequently. Also check the
pressure gavge for accuracy.

A special tire gauge is needed if iquid weighting is used in che tire to increase
traction, Tires partially filled with a solution should be tested when they are cold,
and the valve should be at the borrom of the tire. In a tre partally filled with
solution, the pressure may be satistactory when the tire is hor, but may be much
underinflated when the tire cools. Solurion-filled rires must be watched carefully,
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Hitching Equipment to the Tractor—All trailing equipment must be at-
tached to the drawbar of the tractor. Tractors come equipped with different types
of drawbars, such as fixed drawbars, swinging drawbars, cross drawbars for a
eheee-poine hirch, and cross drawbars for a ewo-point hitch. Consult the operator’s
manual for instructions regarding hitching and for instructions regarding the ad-
justment of the drawbar.

The center of pull should be straight ahead from the center of resistance of
the erailing equipment. The wideh of the tread of the tractor may often be adjusted
to perntit the center of pull to be approximately straight ahead of the center of
resistance. The operator’s manual should be consulted for instructions regarding
adjusting the widch of the tread of the tractor.

Wheels and Chassis—The wheels, steering mechanism, fenders, seat, plat-
toem, drawbar, and other chassis pares do not often cause trouble and for this
reason are often neglecred uatil trouble or failure occurs.

I Check the rear and troat wheels tor loose eims, lugs, or other parts.
Track-tepe tractors should be inspeceed, adjusted, and repaired according
to the instruction book supplied by the manufaceurer.

2. Remove the tront wheels onee o vear, wash the bearings, and repack with
a front wheel bearing lubricant. Follow the instructions given by the
manutacturer ot by ol companies for the type of lubricant to use. A
special lubricant s usually necessary,

3. Check for wear 1o the bearings of the frone wheels. Use the method given

tor checking rear wheel bearings.

. Check the "seal” of the wheel bearings.

5. Inspect the steering mechanism for wear and for repaics and adjustments
needed, Warch for bent rods or damaged parts. Replenish the fubricane in
the steering gear housing according o the manufacturer's instructions.

6. Check fenders, scat, platform, and drawbar co sce thae alt bolts or fasten-

ings are in goad condition and tghtened properly.

fnspect rubber tires for curs and bruises. Have needed repairs made at

once. Follow the manufacturer's instructions regarding the proper air

pressure and correct weight co add o cires o prevent slippage.

Servicing Tires—-Correct tire inflation is important. Correct inflation will in-
crease the hife of a dre. Underinflation causes excessive wear of sidewalls of tires.
Overinflation increases the incidence of fabric breaks in tires. Determining exces-
sive underinflation and overinflaticn is often possible even withour a rire gauge.
An underinflated tire will be buckled on the underside when the tractor is stand-
ing. The tread bars of the tire will not touch the ground at the outside edge when
the tire is overinflated. On a correctly inflated tire, there will only be a slighe
buckling of the underside of the tre, and the entire length of the tread bar should
ke in contact with the ground. Check tire inflation frequently. Also check the
pressure gavge for accuracy.

A special tire gauge is needed if iquid weighting is used in che tire to increase
traction, Tires partially filled with a solution should be tested when they are cold,
and the valve should be at the borrom of the tire. In a tre partally filled with
solution, the pressure may be satistactory when the tire is hor, but may be much
underinflated when the tire cools. Solurion-filled rires must be watched carefully,




(Courtesy Vocational Agricufture Seérvice, University of Hinois)

Fig. 25.5. Do not overfill tires with a jiquid salution, such as water. Liquid solutions
canaot be comprassad.

PROPER INFLATIO

OVERINFLATION

UNDERINFLATION

(Courtesy Standard Oil Co.}

Fig. 25.6 Corvect inftation of tires is important. Underinfiation causas the breakage of
‘p.:ii g; m&ac in tires. Overinfiation decreases traction. Tire infiation should be checked

K1
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because only a small loss of air will cause a large decrease in pressure. After check-
ing tire inflation, replace the valve cap to keep dirt out of the valve; dirt may cause
the valve to leak.

When a tractor operates with a tilt, such as in plowing, the air pressure in the
tire toward the tilt needs to be increased, usually by about 4 pounds. If a tractor is
operated on che side of a hill, back and forth, the pressure of the tires on both
sides of the tractor should be increased.

Periodic Service—Many manufacturers and oil companies furnish service
cards or check-up records which make it easy to keep a record of when certain
items of maintenance were done, when they should be done again, or how often
they should be done. Following is a useful type of periodic check-up chart:

10 Hour Check-Up?
PART WHAT TO CHECK  WHAT TO DO
Adp Cleaner ... .. ..., Dircon filter ......... Replace filter.
Crankcase Breather. . ... ... Diet on fileer ......... Clean filter mat, then
moisten with
motor oil.
Crankease ... ... oLl Oillevel ............. Fill to the proper
level.
120 Hour Check-Up
PART WHAT TO CHECK WHAT TO DO
Water Pump............... Forieaks ............ Tighten or replace
packing.
Fan Bele .................. Tightness and
condition ,......... Tighten or replace.
Brakes ... .o oa Adjustment .......... Tighten or reline,
Fuel Ling ... o0 nnanns Scdiment bowt .., ..., Clean bowl and
screen,

il Consumption
and Leaks ............... Quarts used .. .... ....If high, check sea-
sonal grade of oil,
bearings, pistons,

and rings.

OilFilter.................. Sludge . .............. Clean or replace.

Tires ... Cuts, wear, pressure . . . Repair cuts, check
aligrecnient,

Bartery ... o Water ..., Fill to proper level
with distilied
water.

Teansmission .............. Level . ... Fill to proper level.

Final Drive ................ Level ...t Fill w0 proper level.

Harvest Gold,” Texas Company.
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240-300 Hour Check-Up
PART WHAT TO CHECK WHAT TQ DO
Compression .............. Uniformity in ati
cylindess ... ... .. ... It uneven or low,
check valves, rings,
or cylinders.
Spark Plugs ............... Condition and gap ....Clean and set
clearance.
Radiator .................. Coolane and air
circulation ......... Flush system and
clean fins.
Breaker Points ... .......... Condition and
clearance . ........ Smooth and set
clearance.
Ignition Cable ... ......... Condition . ........... If rotted, replace.
Front Wheel Bearings ...... Lubrication........... Clean and repack.
Valve Tappets ............. Clearance ... ... ... Adjust.
Carburetor ................ Dirt in fuel strainer ... Clean.
A Cleaner ... ............ Clogged screen ... ..., Remove cleaner and
wash.

Keep a daily record of hours of tractor use. Don't guess at check-up intervals.

HYDRAULIC SYSTEM

Modern tractors are equipped with a hydraulic control unit to raise and lower
implements and to control their depth or height,

Remote control hydraulic units are used to control implemeats hitched to or
trailing the tractor. A remote control unit consists of a cylinder piston and hose,
and is atrached t0 the trailing implement. The fluid is conducted under pressure to
the remote control unit by hoses from the tractor’s hydraulic system.

Operating Principles—Air confined in a closed space may be compressed.
Liquids confined in a closed space such as a hydraulic cylinder are not compressed
in an appreciably smaller space when pressure is applied.

A pressure applied to the surface of a liquid will be transmitted undiminished

CYLINDER A
PiSTONI :REA CYLINDER B
§ 5Q INGH PISTON AREA
10 5Q. INCHES

(Courtesy International Harvester Co.)

Fig. 25.7. A schomatic illustration of why 3 hydraulic system works. Pascal’s Law is
Hiustrated.




398 MECHANICS IN AGRICULTURE

through the liquid to all other -~urfaces of the liquid. This is “Pascal's Law.” For
example, if o pressure of 10 pounds is applied to a piston with 1 square inch of
surface, as shown in Fig. 25.7, this pressure of 10 pounds per square inch is trans-
mitted to che larger piston. Since this larger piston is [0 rimes as large as the
smaller piston, it ts capable of producing 100 pounds of force. Thus a small pres-
sure may be used to produce a larger force in a hvdraulic system. Whae is gained in
power. however, is lost in speed. For example, che larger the piston in a remote
controf cvlinder, the slower the action of the piston if the pressure is held constant.

Figures 29.8 through 25.10 iltustrate schematically how a hydraulic system on
a‘tractor vperates. Figure 25.8 illustrates the action when the consrol lever is in
neucral. There 1s no tlow of oil. Equal pressure is applied to both sides of the
piston. The piston, therefore, does not move and the implement being operated is
held in its present position.

CYLINDER

Gl FILTER

(Courtesy J. 1 Case Co.)

Fig. 25.8. A schematic ilfustration showing how a hydraulic system operates when
the control mechanism is in the neutral position.

Figure 25.9 shows schematically the action of che hydraulic system when the
control lever is moved forward. Movement of the control lever forward opens a
new passageway for the oil that leads 1o the piston, Movement of the control lever,
as shown in Fig. 25,10, closes the passageway shown in Fig. 25.9 and opens a new
passageway for the oil that leads to the opposite end of the piston. Thus, the piston
moves under the oil pressure in the opposite direction. The piston therefore can
be used to raise or lower an implement.
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[Courtesy J. 1. Case Co.)

Fig. 25.9. A schematic llustration showing how & hydrautic system warks when the
coptrat mechanism is moved forward. The cylinder shown Is double-action. With a
double-action cylinder an impismant may be moved In two directions.

CYLINDER

PRESSURE

{Courtesy J. 1. Case Cp.)

Fig. 25.10. A schematic illustration showing how a hydrautic system works when the
eantrol mechanism is moved to the rear.
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Care and Maintenance—A hydraulic control unit consists of a pump, a sys-
tem of valves, a2 master cvlinder, and hose connections. A high-grade oil is the fluid
used most frequentiy in hydraulic control units.

TFhe oil used in a hydraulic system should be of a type thar does not fozm. The
ail used should also not be highly influenced by temperature changes. In other
words, it should not become excessively heavy in cold weather or very thin in hot
weather,

In maiatainiag o hydraulic system, exercise care to prevent the entrance of dirt
into the system. A small amount of dirt in a hydraulic system will prevent it from
aperating properly.

The interral adjusements for a hydraulic system are usually made at che fac-
tory, and no further adjustments should be attempted by the tractor operator. The
adiustments which may be made by the tractor operator are described in the
operator's manual. The hydraulic unit on a wracror, for example, is often equipped
with & contro! valve on the pump which may be adjusted. This valve controls the
flow of the hydraulic fluid into the cylinder. The speed of action of the hydraulic
unit is thus changed by adjusting chis control valve. See vour operator's manual for
information on the types of adjustments possible for the hydraulic unit on your
Eractor.

Ia servicing a hivdraulic system, check the oil level, If a hydraulic system fails
o operate, check the oil level and check for broken connections. If the pump
makes an shnormal amount of noise, check for oil bubbles in the system, for loose
connections, or for a broken line. When servicing a tractor, always check for oil
leaks in the hydraulic system. In attaching hoses or remote control units, be careful
to avoid geering dire into the hydraulic system.

Diagnosing Difficulties—Two primary types of difficulties may be encoun-
tered in the operation of a hydraulic system: tailure to raise or lower an implement
and overheating,

If the hydraulic system fails to raise or lower an implement, the difficuley may
be caused by insutficient oil in the oil reservoir. Check the oil fevel, and add oil to
the reservoir if low. The difficulty may be caused by use of oil other than the type
specified for the hydraulic system. [f this is the cause, drain the system and refill
with the type specitied. The difficulty may also be caused by the engine’s being run
o slowly, Operate the engine at full governor controlled speed, and check
whether or not this is the cause of the difficulty.

The failure of the hydraulic system to raise or lower an implement may also
result because the load exceeds the capacity of the hydraulic system. Try reducing
the load.

If the failure of the hydraulic system is not due to any of these situations,
check for fauley operation of the valves, linkages, or pump. See the dealer of the
tractor for repairs needed.

Overheating of a hydraulic system may be caused by {1) a low oil level, (2) the
use of the wrong type of oil, (3) an excessive load, or (4) the operation of the
engine at too low a speed.




SELECTING, OPERATING, AND RIAINTAINING TRACTORS 398

STORING TRACTORS

There are on farms, and in some nonfarm agricultura! businesses, many
gasoline engines thae may not be used for considerable periods of vme. The life of
engines left unused for considerable periods of time is materially reduced if they
are not prepared properly for inactive duty and if they are not correctly placed
back in service. Manufacturers give complete information on storing engines and
starting engioes that have been in storage. It takes only a few minutes’ time to take
care of an engine properly. Sometimes batteries are removed, but if they are not,
the engine should be started accasionally and run until the battery is charged.
Removed barreries should be stored on a rack or bench (not directly on coacrete)
in a cool, dry place where the temperature remains above freezing. Check batteries
at least once a2 month tor water level and specific gravity, and keep them charged
to abour 1.25¢

Gasoline Engines—The following simple procedure is suggested for a
gasofine engine that is to remain unesed for a considerable period of time:

b Clean the engine and accessories, including radiator ard air cleaner, of
atl external grease, dire, and corrosion. A sate solveat may be used.

2. Run the engme, if it has been operating on leaded gasoline, on unleaded
gasoline for ar least HO minutes after running the leaded gasoline our of
the lines and che carbureror (see item 4 below).

3. Brain the oif from the crankcase while the engine oil is as hot as it is at
the end of a duy's cua, It the cogine is equipped with an oil filter, drain
and clean or change the element.

4. Fill the crankcase 1w the proper oil level with preservative lubricating oil
aand operate the engine for the unleaded gasoline run (see item 2 above).

5. Start slowly pouring 2 small stream of flushing oil into the carburetor
mtake at the completion of the unleaded gasoline run and while the
engine is running at a fast idle (abour half speed). Gradually increase the
amount until approximately 1 pine of oil has been used. If the last part
of the oil is poured in rapidly, the engine will stall or stop. Shur off the
ignition switch.

6. Remove spark plugs and pour (or spray) preservative lubricating oil into

the condbustion chambers through each spark plug hole while the engine

18 being twened by starter or hand crank. Six to 10 tablespoons of oil per

cylinder will insure cvlinder walls, pistons, rings, valve stems, and other

PArTS SZainst cust.

. Remove valve appet cover and spray or coat springs, tappets, and valve
stems with preservative Iubricating oif while you are turning the engine.

8. Seal all openings such as breather pipe, air cleaner intake opening, and
exhaust pipe with moisture-proof tape or plugs.

9. Do not disturb the engine until it is needed for regular duty.

16 If the engine has battery ignition, remove the barttery and store it in a
coul, dry place above freezing temperature and not directly on concrete.

il. When the engine is needed again, replace the battery, untape the open-
ings. remove the spark plugs, and turn the engine over a few times to
blow excess oil from che combustion chamber, Replace spark piugs and
start che ¢ngine.

The preservative lubricating oil can be used for operating the engine until oil
needs to be added; then drain it out and refill with crankcase oil.
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Diesel Engines—In preparing diesel engines for storage, check with your
dealer or manufacturer.

Some diesel makers recommend the use of preservative lubricating oil in a
manner similar to its use in a gasoline engine. The combustion chambers, piston
taps, fuel pump, injectors, governor, and so forth are protected against corrosion
when this procedure is tollowed.

Ocher makers of diesels recommend pouring a small quantity of oil through
the injection valve openings every month, then turning the engine a few turns
every week to distribute the oil. The engine should be set in the start position, or
the compresston of the oil into the small space might damage the engine.

Starring Gasoline Engines That Have Been in Storage—It often happens
that an cngine is lefe idle withour being serviced for storage. An engine whick has
not been stored property will probably have dry cvlinder walls which wiil be dam-
aged when the engine is started—it it starts. Use che following procedure in stare-
ing eogines that have been unused for a considerable period of time, but not prop-
erly prepared for storage:

[. Remove the spark plugs and pour 2 tablespoons of a mixeure of one-half
gasohine and one-half tighe tubricating vil into each cylinder,

2. Remeve the valve cover and flush the valve mechanism with the same
HEXEUre.

3. Crank the engine rapidly to blow the excess oil out the spark piug holes.

-t Drain the ¢runkcase and ush wich flushing oil. Refill with lubricacing oil.
Service the ail filter and replace the element,

5. Service the rest of the engine for fuel. cooling solution, and greasc.

6. Clean the air cleaner, and service as required.

. Clean the spark plugs, adjust gaps, and install chem.

8. Stare che engine and let it run slowly. Observe if any valves are sticking; if
so, pour a small quantity of kerosene on the valve stems until chey be-
come loose. Replace the valve cover.

Gum will form in fuel tanks, lines, and the carburetor when an engine is not
used. It can be Jdissolved with acctone or a 50-50 mixeure of alcohol and benzol.
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TRANSMISSION OF POWER

Student Abilities to Be Developed

Ability to appreciate the importance of the proper care and use of belts in
agriculture.

Ability to use and maintain belts to obtain che maximum service from them,
Ability o align shafes properly.

Ability to select the proper types and sizes of pulleys.

Ability to use and maintain chains and sprockets properly.

Ability to use and maintain gears, and understand how they work.

Ability to use and maintain clutches.




CHAPTER 26

Transmitting Power by Belts, Chains,
Gears, and Clutches

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

I. To what extent are belts us2d on farms and in aonfarm agricultural busi-
nesses?

Why is a knowledge of belts of value to an agricultural worker?

What points should be taken into consideration in selecting a belt for ag-
ricultural use?

. Whar eypes of belts are frequently used?

What care and maintenance should be given to chains and sprockets?
What types of gears are used on agricultural machinery?

. Why are gears used on agricultural machinery?

Why are clutches used? ’

How should gears be maincained? Clurches? -

i

':)J

RNV RN

Power may be transmitted in various ways such as by shafts, pistons, clutches,
gears, chains, and belts, An attempr will not be made in this chapter to discuss all
means of power transmission. Some of che fundamentals, however, regarding the
transmission of power by belts, chains, gears, and clutches will be covered.

Belts

Use of Belts—Belts are used to transmit power or motion from one pulley to
another or, in other words, to connect two machines, thus causing them to work
together, Directly connected shafts and gear wheels are often used to accomplish
the same results. Bele-driven machines and mechanisms of one kind or another are
found where electric motors or gasoline engines are available to furnish the motive
power.

The principal problems involved in the use of belts are (1) determining the
proper sizes of pulleys necessary to drive machinery or mechanisms at their rec-
ommended speeds and (2) connecting these pulleys properly by means of shafts
and belts. Like many other jobs in agriculture involving mechanics, the installation

403
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of a power plant is not extremely difficule, but it requires considerable knowledge
of the priaciples involved and careful artention to the details of construction.

Sizes and Speeds of Pulleys—Tke speed at which a shaft revolves and the
speed at which a machine is driven by belts are regulated by the size of the pulleys
used. It is obvious that two pullevs of the same size which are connected by a belt
will revolve at the same speed if there is no slippage. If one of the pulleys is only
one-haif the diam.ter of the other, it will make two revolutions while the larger
pulley turns but once. That is, it will run at twice the speed of the larger pulley. If
the larger pulley, an 8-inch putley, makes 200 R.P.M. (revolutions per minute), the
smaiter pulley, 2 4-inch pulley, will run at 400 R.P.M.

The cﬁamem: of ene pulley multiptied by its speed is equal to the diameter of the
ather pulley multiplied by its speed.

From this face it ts easy to calculate the sizes of pulleys needed to obtain the speed
at which various machines should be driven.

L. Suppose the driver pulley is 4 inches in diameter and runs at 200 R.P.M.
The deiven pulley is 8 inches in diagmeter. What will be its speed?
4 % 200 = 8 x (? RP.M)
RULE: Multiply che diameter of the driver pulley by its R.P.M. Divide by
the diameter of the driven pulley to find the R.P.M. of the driven
pulley.

4% 200 100, the R.P.M. of the driven pulley.

2. Suppose the driver pulley on a shaft is 4 inches in diameter and runs at
2560 R.P.M. The driven pulley on a machine must be operated at 100
R.P.M, Whar size of driven pulley will be required?

4 x 230 = (? Dia.) x 100.

RULE: Multiply the diameter of the driver pulley by its R.P.M. Divide by
the R.P.M. of the driven pulley to find the diamerer of the driven
pulley.

A
:mf%ﬁi?i’; 10, the diameter (in inches) of the driven pulley.

3. Suppose a machine with a 10-inch pulley must be driven at 75 R.P.M.
The line shafc has a speed of 150 R.P.M. What size pulley must be used
on the shaft?

€2 Dia.) x 150 = 10 x 75.

RULE: Multiply the diameter of the driven pulley by its R.P.M. Divide
by the R.P.M. of the driver pulley ta find the diameter of the driver
pulley.
I} x 75

150 =5, the diameter (in inches) of the driver pulley.

Alignment of Shafts and Pulleys—All pulleys on engines, shafts, and driven
machines must be in jine. Excessive slippage, wear, and vibration may result if they
are not in line. The shafts of all connected pulleys must be parallel, so that the
belts will run at a 90-degree angle to them.

Selecting Belts for Use in Agriculture—Belts are of several types, and of
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many grades and gualities, which makes the problem of selecting the most satisfac-
tory and most economical bele for a given purpose very difficult. Belts purchased
from a reliable dealer are generally dependable and bear the manufacturer’s
guarantee. When given complete information about the job to be done, the dealer
or manufacturer can be of great service in selecting the most suitable belt. When a
belt is to be selected, information on the following points is needed:’

—

. Horsepower to be transmitted—
(a) average (b least  (¢) most

. Dizmeter of driving pulley

Biameter of driven putley

Number of revolutions per minute made by vne of them. State which

one.

. Distance between pulley centers

. Position of drive, vertical or horizontal

. Location of cight side of belr, top or underneath

. Conditions of operation such as dampness, fumes, flying grit, changes
from light to heavy loads, high speed over smail pulleys, quarter twist of
bele, and use of idlers, mule putieys, and stepped or flanged pulieys

Fal o it

Bl W

V-Belts

V-belr drives for equipment are efficient, flexible, dependable, easy to install,
and compact. They are used for electric motor drives; for traceor power drives of
feed grinders, silo fillers, wood saws, irrigation pumps, and other belt-driven
machines; and for power transmission drives on many farm machines such as mow-
ers, combines, choppers, and blowers. The V-belt is often used as a clutch on
garden tractors and on self-propelied machines such as combines and corn pickers.

The V-belt drive is becoming so common that it is possible to obtain the beles
and sheaves in most implement and supply stores. Manufacturers of V-belts are in
a position to recommend the type of pulley sheave and the belt cross section best
adapted for a certain purpose, and they should be consulted regarding their rec-
ommendations before sheaves and V-beles are purchased.

Types of V-Belt Drives—There are five standard sizes of agricultural V-belts
which are specified by their cross section measurements. The width of the belt is
rhe width of the outer section, and the thickness is the depth of the section. The
five seandard sizes are termed HA, HB, HC, HD, and HE. In addition, there are
V-belts designed for light loads, and these are commonly designated as sizes No. 1,
Ne. 2, and No. 3.

There are four standard sizes of agricultural double V-belts, HAA, HBB,
HCC, and HDD.

Agricultural adjustable-speed belts are available in four standard sizes desig-
nated as HJ, HK, HL, and HM. The cross sections of these belts are measured in
the same way as the ¢ross sections of standard V-belts.

In a V-V drive both pulleys are grooved. This is the type of V-belt drive used
most frequently on agricultural machinery.

*"Shore Cuts ro Power Transmission,” Flexible Steei Lacing Co.
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(Gourtesy J. 1 Case Co)

Fig. 26.1. BaHs and sheaves used for power transmission on a combine.

iCourtesy Gates Rubber Sempany, Denver)

Fig. 26.2. V-helt sheaves, adaplers, and flanges used 10 equip tractors and machings
with V-beit drives.
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Selecting V-Belt Drives—Betore selecting a V-belt for a drive, ir is neces-
sary to Jetermine the foliowing:

f—

. The speed (RP.M.} and horsepower rating of the eleceric motor, gaseline
enging, ot tactor used as the source of power.

. The speed the driven machine should run.

. The center Jistance between the driver and the driven sheave pulleys.

[N V)

There are misimum pulley diamerers which may be used successfully with
V-beles of certain cross sections. The power transmitted by a V-belt decreases as
the arc of contact of the belt with the pulley decreases below 180 degrees.

The maximum power transmitted by belts of different cross sections depends
upon the velocity of the bele and upon its arc of contact with the sheaves. Table
26.1 lists the approximate maximum horsepower transmitted by V-belts of various
Cross section sizes at the speeds indicated, assuming a 180-degree arc of conract.

Tahte 26.1—Apuroximate Maximum Horsepowsr Transmitiad
by V-Bells of Various Cross Sections?

s s —

Maximum
\-Belt Cross Riameter of Horsepower
Section Size R.P.M. of Small Sheave Transmitted
{inches) Faster Shaft {inches) by V-Bait
Y % g 3.600 5 3.4
Flys X Hhyy 2,600 7 5.5
a ok 1,600 13 13.4
Ery w3y 1,000 i8 24.1
Pz x ¥y 760 28 41.5

'Basend on data from Gates Rubber Company, Denver.

Designing a V-Belt Drive—In designing a V-belt drive, you will find the
tollowing steps to be helpful:

L. Determine the speed ratio of the power unit to the driven machine by

dividing the R.P.M. of the faster unit by the R.P.M. of the slower unit.

For example, if a 1,750 R.P.M. electric motor is to drive a shop ool at

LOoog R.P.M., then 1,750 = 1,000 = 1.7%, which is the speed ratio. The

first "Speed Ratio” column in Table 26.3 applies in this case.

Find the corrected horsepower by multiplving the rated horsepower of

the motor by a factor selected from Table 26.3. To use the table, locate a

machine similar 10 voars, then read across to the column which applies to

vour speed ratio. For example, if a motor having a factor of 1.6 is rated at

: H.P., then 1.6 x 0.5 = 0.8, the corrected horsepower.

3. Find che V-belt cross section in Table 26.2, using a horsepower value that
is equal to or slightly larger than the corrected horsepower obrtained in
the computarion suggested in step 2. In the example cited, the. 1,750
R.P.M. maotor has the smaller pulley. The horsepower rating of 0.09 is
tound in the column headed by the /2" x 31" size of V-belt.

&g

Care of V-Belts—V-belts are very serviceable, but this fact should not lead to
abuse in their use and care. Pulleys thar are too small cause belts to flex too much,




Table 26.2—Horsepowe: Transmission Ratings for Single V-Belt Strands with a 180-Degrae Ar¢
of Contact on Recommended Sheave Diameters?

Size of V-Belt, Inches

Wy % Vg2 32 X Yz g x Ny a x S Ny x Yy e % Ty 1Va x 3, 12 x 29y,
RPN Minimum Recommended Sheave Pitch Diameter, Inghes
oF 1, Yy 4104z 3 ] 9 13 20
SMALL
SHEAVES Horsepower Rating per Single Strand V-Belt
206 (002 008 0.2% 0.1 0.3 1.4 3.5 8.4
B3] 0.04 .15 0.45 0.2 0.7 27 6.8 15.8
600 0.05 0.20 (.68 0.3 Lo 4. 9.9 21.5
800 0.06 .30 (.80 0.4 i.3 5.2 12.4 24.6
18608 .04 (.30 (.90 0.5 1.6 6.3 14.4 24.8
1,200 0.09 0.37 .00 0.6 1.9 7.3 15.6
1400 0.09 0.40 1.20 0.7 2.2 8.1 15.8
L6OO 0.10 0.45 1.50 0.8 2.4 8.7
1.750 011 0.48 1.60 0.9 2.6 9.1
2,000 0.12 (59 1.79 ¥ 2.9 9.4
2.200 0.12 0.55% 1.7% i1 3.1
2406 013 .57 1.80 1.2 32
2,808 0.13 0.60 1.90 1.4 3.4
3,000 0.14 0.63 2.20 1.4 3.5
3,200 0.14 0.65 2.20 1.5
3,600 0.14 0.67 2.25 1.6

'Based on datz from Gares Rubber Company, Denver,
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Table 26.3—Factors for Corrgcisd Horsenawer?

Speed Ratlo
Lezs than 2.50 to Over
Driven Machines 2.50 6.50 6.50
Centritugal pumps 1.3 1.4 1.6
Eans and blowers L1 1.2 L3
Generators 1.3 1.4 1.6
Hearing and vendlating fans L3 1.4 16
Refrigerators l.e 1.8 20
Home workshop machinery L4 1.6 1.7
Small machine and woodworking tools 1.6 1.8 2.0

'Based oo data from Gates Rubber Company, Deanver.

which will evencually crack them. Dust does not harm most V-belts, and they can
operate in moist conditions withour being harmed.

Rubbing against sharp surfaces or objects may cause considerable damage to a
V-belt, however. A V-bele should not be removed from its sheaves without releas-
ing its tension, because the edges of the flanges may damage the belt.

When V-beles are not in use, they should not be left exposed to che sun for
extended periods of time, but should be removed and hung in a cool, dark place.
They may also be shielded from the elements without being removed from
machines.

Belt dressing should not be used on V-belts to prevent them from slipping.
Clean V-belts with a cloth. Oil and grease should not be allowed to come in con-
tact with the belts and the sheaves. _

In adjusting the tension of V-belts, permit a little slack or bow to be present
in the slack side of the bele. Pulsating loads require a tighter belt than smooth-

" running loads. Also, the belts for short drives will have to be tighter than the belts

for tong drives. Small eteceric motors are often hinged at the end toward the driven
machine, letting che weight of the motor furnish the correct tension for the bel.

(Courtesy Flexible Steel Lacing Co)

Fig. 26.3. The use of an idler pulioy.
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CHAINS AND SPROCKET WHEELS

Chains and sprockets are used to transmit power on many machines used in
agriculture. They provide a positive method of power transmission. Unlike belts,
there is no possible slippage. Most chains can be installed or removed easily, and
most will withstand or absorb slight shocks.

Types of Chains—Three types of chains are frequently used:

1. Roller chain
2. Pintle chain
3. Hook-link or detachable link chain

The most economical type of chain to purchase is the hook-link chain. It may
be used to transmit power if the sprocket wheels operate at a relatively low speed
and if little strain is put on the chain. The hook-link chain is not nearly as strong as
a roller chain or a pintle chain.

Links may be removed from a hook-link chain by kinking the chain. Each link
has a slot on the hook end. When the chain is kinked sharply, the bar end of the
link may be drivea out of the slot on the hook end of the adjoining link.

A hook-link ¢hain should be run with the hook end forward and with the slot
to the ousside if the drive sprocket is large and the driven sprocket small. Running
the chain this way will help prevent wear on the chain and on the sprockets. if the
drive sprockee is small and the driven sprocket is large, the hook-link chain should
be run with the bar end forward.

Roller chains ate strong and are used for heavy-duty work. The links of a

(Courtesy international Harvester Co.)
Fig. 26.4. Roller chaing used on a combine.
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Fig. 26.5. A hook-link or detachable link chaln.

rotler chain have parallel sides. These parallel sides are connected by a pin, and

around the pin is a roller. (See Fig. 26.4.)

A pintle chain looks similar to a roller chain, but the sides of the links are not
paraliel. Pintle chains are used for heavy-duty work and slow speeds.

Care of Chains—The tension of chains should be checked periodically.
Chains are provided with idler sprockets or tightener rollers as shown in Fig. 26.6.
Chains should be tightened so that they will remain on the sprockets. If chains are
too tight, an excessive load is placed on the shafts. See the owner’s manual for the
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(Drawn by Ronald Epsen)

machine for specific instructions for tightening the chains on the machine being

operated.

(Courtesy J. 1. Case Ca.)

Fig. 26.6. Two types of chain tightaners in use on a combine.
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Chains should be cleaned periodically and lubricated frequently. When chains
are being operated where the soil is sandy or gritty, it may be advisable not to
tubricate to prevent the oil and sand from becoming mixed and forming an abra-
sive compound.

The drive sprocket and the driven sprocket must be kept in alignment, as
shown in Fig. 26.7. The drive sprocket and the driven sprocket may be aligned by
moving them on their shafts. Idler sprockets may usually be aligned by removing
or adding washers behind their hubs.

Sprocket

i

{Courtesy International Harvester Co.)

Fig. 26.7, The correci chain and sprocket alignment.

Sprockets should be checked for wear. A worn or damaged sprocket will wear
out a chain much faster than normal.

fn storing machines with chains, remove the chains and soak them in a safe
solvent. Scrub chains with a stiff brush, if necessary. Then dry the chains and
replace them on the machines. The final step is to lubricate the chains. Use a
grease or heavy oil if the machine is to be stored for a considerable period of time.
Use a light oil if the machine is to be stored for only a short period of time.




BELTS, CHAINS. GEARS, AND CLUTCHES ' 413

GEARS

Gears of various types are frequently used to transmit power oa agricultural
machinery. Gears provide positive transmission of power without slippage. In addi-
tion to being used as a means of power transmission, gears are also used to reduce
or to increase the speed of various parts of machines.

Types of Gears—A gear is a wheel with projections called teeth. A gear is
fastened to a shaft. Either the shaft drives the gear or the gear drives che shaft.
Gears are classified as foltows:

I. Spur gears

2. Helical gears

3. Herringbone gears
4. Spur bevel gears

3. Spiral bevel gears
6. Worm chread gears

The spur gear is a simple eype of gear. les teeth are seraight across and parallel
o the shaft ro which the gear is acached. Spur gears are used frequently on ag-
ricuteural machinery,

A heiical gear is similar to a spur gear, except the teeth are cut at an angle.

{Courtesy Generai Motors Corp.)

tCourtesy General #otors Corp.)
Fig. 26.9. Helical gears.
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The teeth of the gear that meshes with a helical gear muse also be cut ar the same
angle. A helical gear operates more quietly than a spur gear.

A herringbone gear may be thoughe of as two helical gears fastened rogether
with the angle of teeth on each gear being cut in the opposite direcrion.

Spur bevel gears are used when the power transmission must turn a corner.
The teeth on a spur bevel gear are cut an the corner or edge of the gear wheel, as
shown in Fig. 26.t1.

{Counresy General Motors Corp.}

Flp. 26.10. Herringbone gears.

{Courtesy Goneral Motors Corp.)

Fig. 26.11. Spur bevel gears.

Spiral bevel gears are similar to spur bevel gears, but the teeth are curved as
well as beveled, and cut on the edge of the gear wheel.

A worm thread gear is shown in Fig. 26.13. It is used when there is a large
difference in the speed of the drive and driven parts of the machine.

Gears are used to decrease speed and increase power, or to increase speed and
decrease power. For example, if an engine powers a shaft on which a small gear is
fastened, the power of the engine to drive another shaft will be increased if the
small gear meshes with a larger gear. Thus it may be possible for an engine to drive
another shafc which.it could not drive if connected directly.

If adrive gear has 10 reeth and the driven gear has 40 teeth, the ratiois 4 to 1. The
drive gear will make 4 revolutions to each revolution of the driven gear, and the
torque or twisting power will be multiplied by 4.
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(Courtesy General Motors Corp)

fig. 26.12. Spirat beve! gears.

{Brawn by Ronald ipsen)

Fig. 26.13. Worm thread and worm whee! gears.

If the engine has ample power, and greater operating speed is desired for a
machine, the size of the drive gear is increased and the size of the driven gear is
decreased.

Care of Gears—Gears need to receive proper lubrication. Often gears oper-
ate in oil. See the owner's instructional manual for the weight and type of il to
use. If gears operate in the open, they must be lubricated frequ=ntly.

CLUTCHES

A clutch is a means of power transmission found on tractors and other
machines used in agriculture. A clurch is often used to connect or disconnect
gradually a machine from its source of power. For example, on a tractor the clutch
is used to disconnect gradually the engine from the mechanism that drives the rear
wheels.
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Types—The primary types of clutches may be classified as (1) positive action
and (2) friction. Friction clutches are used on tractors. A friction clutch consists of
a driving plate and a driven plate. The plates are held togecher by spring tension or
by an over-center mechanism. With a spring tension clutch, a foot pedal is used to
disengage the clutch or release the spring tension so that the driven plate and the
driving plate are allowed to separate. The driving plate of the clutch on a tractor is
attached to the flywheel of the engine.

Positive clutches are used on machines that do not usually have their own
source of power, such as planters, grain driils, and other machines operated at slow
speeds. A positive clutch consists of two parts that have jaws that lock together.

Some machines have safety ecluiches that permit slippage or disengagement
when the machines become overloaded or strike an obstruction. These clutches
disengage under severe load and prevent damage or breakage of machine parts. A
safety clutch consists of two plates with notches. These notches are held together
by spring tension. Safety clutches do not slip under normal loads.

CLUTCH SPRING

CLUTCH
DISC
DRIVEN

(Courtesy American 0il §o.)

Fig. 26.14. A cross section drawing of a multiple disk-type friction clutch for a tractor.

Care of Clutches-—A clutch needs lubrication, but where the lubrication is to
be applied and how much are important considerations. Care must be exercised
not to overlubricate the clutch on a tractor. The plates of safety clurches should
not be lubricated. The operator's manual should be consulted regarding the care of
the clutches on a machine.

After each 250 hours of use of a tractor, the “free movement” between the
clutch-release levers and the release bearing should be checked. The “free travel”
or “free movement” is reduced by the wear on the clutch facing. Lack of adequare
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“free movement” or clearance produces loss of power and overheating. If the con-
dition is not corrected, it will necessitate the early replacement of the ciutch facing,
See the operator's manual for instructions on the procedure for checking “free
movement” between the release levers and the release bearing.
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FIELD MACHINERY

Student Abiiities to Be Developed

Ability to appreciate the importance of field machinery.
Ability to select suitable field machinery.
Ability to maintain field machinery.

. Ability o adjust field machipery.

Ability to select suitable tools and equipment for adjusting and repairing field
machinery.
Ability to perform field machinery repair jobs.



'~ CHAPTER 27

Selecting Field Machinery

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

i. What equipment is included in the term “farm machinery”?

2. How does modern farm machinery compare with the farm machinery of
the past?

3. What factors should be considered in selecting machinery?

Equipment Included in Farm Machinery—A machine is a device that gives
a mechanical advantage, facilitacing the doing of work; thus the term “farm
machinery” includes the mechanical equipment of field and farmstead, from water
pumps to tractors. In general, “farm machinery” includes the main items of field
machinery. As used in this section it refers to seeding, rillage, and harvesting
equipment such as plows, harrows, drills, culdvators, and harvesters.

History of Agricultural Machinery—Agriculture, defined broadly and not
limited to farming, involves the use of more machinery and power than any other
enterprise. In recent years extensive use has been made of machinery to replace
human labor. It was not until 1850 that the use of machinery in agriculture was of
much consequence. Many machines were invented before this date, but their in-
troduction was slow until their worch was proven.

About 1870 the adope.on of agricultural machinery became more rapid. This
was due mainly to the fact that machines were perfected so that cthey would work
satisfacrorily. In addition, mechanical power became available at this time, which
widened the scope of usefulness of farm machinery. Also, the movement onto
“western” farms increased the farming area.

In more recent years, farm machines have been improved in quality and use-
fulness, and their adoption by farmers has been rapid. The modern farmer sceks
ways and means of lightening burdens and desires machines to lessen labor re-
quirements.

Early and Present-Day Machinery—Some of the early types of machines
were crude devices. Many of them have been improved, and so their appearance is
entirely different at the present time. This is particularly true of tractors.

The general appearance of many machines, such as plows, for example, has

419
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Fig. 27.1. Fsrm machinery includes feed-handling and automatic corn-drying equip-
mant, as welt ag fiald machinary.

not changed much in the past 20 or 30 years except for size, However, the appear-
ance or the quality of individual parts or mechanisms on these machines may have
been changed considerably. For example, a modern plow beam may appear to have
the same bends in it as the plow beam of an earlier implement, but the iron or

steel used may be entirely different. Farm machinery, like all other commodities,
has been improved in usefulness and quality.

Quality of Field Machinery—Designers of field machinery have tried to de-
sign machinery adaptable to a wide variety of situations, and the success of their

efforts has resulted in a greater use of field machinery. The quality has also been
improved as indicated by its having:

More durability measured in grearer units of service.

Greater wear resistance resulting in reduced replacement, adjustment,
and conditioning of parts.

More freedom from clogging, heating, breakage, and setvicing.
Greater efficiency in power requirements and in the performance of

duty; a greater degree of effectiveness and a larger capacity for each
machine.

Greater safety, and more comfort and ease in operation.

1.
2.
3.
4.
3.

Life of Farm Machinery—There is great variation in the service life of farm
machinery. In determining the life of farm machinery, the owner must consider
each situation. One owner may use 2 machine for 20 years, while a neighbor may
use the same type of machine for only 3 years. The days used per vear and the
acres covered are often thought to directly influence machinery life, but studies
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Fig. 27.2. A labeted drawing of a grain-feed handiing system.

(Courtesy US.D.A)

Fig. 27.3. A grain-feed handling system.
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have shown that these are not always the most important factors. The care, repair,
and adjustment of machinery, discussed in later chapters, contribute the mose to
tong machinery life. In recent years, changing farming practices have caused certain
machines to become obsolete before they are worn out. Obsolescence thus be-
cotaes an increasingly important factor in the life of farm machinery.

The following faces relate to the cost of service of farm machinery:

L. The average life of farm machines varies a great deal, depending on the
ype of machine.

Fig. 27.4. A cambine,

Fig. 27.5. A wagon.
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2. The life of individual machines varies much from the average.

3. The average annue service of farm machines in days of use per vear is
surprisingly fow.

4. The hfe of farm machines is nor greatly influsnced by the annual days of
use

Sclecting Field Machinery—In the production of crops, labor, power, and
machinery account approximately for two-thirds of the cost of production. It is,
therefore, important that proper thought be given to the selection, operation, care,
and repair of afl machinery used in production.

Fig. 27.7. A tractor and com planter.
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In selecting field machinery, consider the following:

1. The avattability of repaits ts important because delays due to waiting for
repairs are undesirable.

2. The general design of a machine is important. A machine should be sim-
ple, durable, and capable of performing its duty in optimum fashion. The
work gquality and the finish of a machine should be good.

3. The adaptability to the work must be considered in order to obtain

machinery thar will function in a ceraain locality.

Ease of aperation is desirable. However, a machine which is easy to oper-

ate may not always do the best work.

5. Reliability of the manufacturer and the dealer in standing behind their
product is a desirable feature and should be considered.

6. The cost of the machine should be considered, not so much from a com-
parative make standpoiat as from a use standpoint. Standard machines of
quality are usually very close in comparative price. The cost of a machine
compared to whae it will do is the important item to consider.

NN




CHAPTER 28

Using and Maintaining
Field Machinery

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

Why is a study of field machinery important?

How should machinery be lubricated?

How should field machinery be operated?

At what time of year should repair work be done?

When should a new machine be purchased?

6. What tools and equipment are necessary for machinery repaic?
7. How may machines be disassembled and inspected?

8. What system should be followed in repairing and replacing broken parts?
9. How should machinery be assembled and adjusted?
10. What precautions should be observed in painting machinery?
11, How should machinery be stored?

L N I
SRS

;J!

Importance of Care and Maintenance of Machinery—The expression,
"Good cquipment makes a good agricultural worker berter,” applies to used
machinery as well as to new machinery. Good equipment does not stay good un-
less it is given proper care. Adequate and timely adjustment, repair, lubrication,
and protection from the weather derermine the life of a machine. Approximately
75 per cent of cthe breakdowns of machinery in che field are caused by neglecting
these four items of proper care. Such breakdowns are costly in loss of time and
loss of crop. The cost of production on farms is increased by improper machinery
management. Pracrically all farm operations require the use of machinery, and it
should be kept in shape for accomplishing the maximum for the tme it is used.

Preventive Maintenance should be given first consideration in the use of field
machinery in order 1o reduce to a minimum the chances for breakage, costly repair
bills, and loss of time. A farmer should keep machinery repaired, properly ad-
justed, and lubricated with the proper lubricants. All moving parts should be kept
warking freely, thus reducing the chances for wear or breakage.

Machinery Lubrication—Irt is important to select the proper lubricant for

425
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the different parts of machines. Consideration must be given the function each part
has o perform.

Lubrication must be effective. Oil poured “at” a part does little good. Lubri-
cants mast contact the moving parts of machines.

1. Secure a lubrication chavt, if possible, for the machine to be lubricated
and follow its dizections. A general rule is that all moving parts that move
i contace with other parts tequire lubrication at the point of contact. A
lubricant should not be placed on parts where it will collece dirz or grit, or
che parts will wear faster thaa they will without fubrication.

2. Inspect the eylinder oil and transmission grease, and fill or change accord-
tng to the directions of the manufacturer of the machine.

3. Use the proper equipment to [ubricate the machines. If the machines
have special fittings, lubrication equipment for these special fittings must
be used.

4. Inspect but de not molest or destroy the seal of parts of machines operat-
ing it a “sealed for life” lubrication system.

5. Conrsult the operator's manual for lubrication inseructions for the machine
and for the location of the parts to be lubricated. Check whether or not
the machine has a bank or central lubrication system.

The Operation of Field Machinery—The proper use of {izid machinery de-
creases operating costs. Operators of machinery should develop an attitude of
preservation in their use of machinery, and not an attitude of seeing how much the
machines can stand before bresking down. Often when machinery is misused,
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breakage does not occur at the time, but serious strains are developed which di-
recdy cause breakdowns fater. A tractor is often overloaded with no immediate
notice of injury. When [ater it breaks, the operator inscead of the teactor should be
blamed.

Practically all machines will work smoothly when operated propertly. For good
performance it is necessary wo see that machines are correcely adjusted for the
work, that they are properly lubricated, and that they are in good mechanical con-
dition.

Fig. 28.2. A field cultivator prepared for transport to anather location.

When Repairing Should Be Done—Most field breakdowns can be avoided
by the systematic checking and repairing of field machinery during the slack sea-
sons. Machinery inspection, repair, and adjustment should be considered necessary
jobs to be performed in slack seasons. Systematic repair of machinery often re-
duces the cost of repairs.

When to Purchase New Machinery—The problem is usually whether two
repair or replace a machine. If the machine under consideration is not obsolete, if
the cost of repairs will be nominal, and if the machine can be expected to do
firse-class work, then it should be repaired. H the machine cannot be depended
upon after repairing and if capital is available for 2 new one, a new machine should
be obtained, especially if there is any danger of a breakdown art a critical time. If
capital is not available, or if it can be made available only by paying excessive
financing charges, or by unwisely mortgaging the future, then it is becter to repair
the old machine, even though other factors indicate that it would be better to
obtain 2 new one.

Tools and Equipment—Good tools and equipment are necessary for repair-
ing field machinery. The extent of repair jobs performed on a farm is governed by
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{Courtesy Aflis-Chalmers Mig. o)

Fig. 28.3. A six-bettam semi-mounted plow.

the tarmer’s ability and the equipment available. The ability of a farmer and the
employees should govern the eools that are acquired. A certain degree of skill in
the use of tools is necessary. Good tools improperly handled will not result in a
satisfactory repair job.

An assortment of tools and eguipment such as wrenches, hammers, screwdriv-
ers. pliers, drife punches, cold chusels, tiles, wire brushes, rags, oil, safe solvent,
cans or small boxes, tags, instruction books, and pares lists will do much coward
motivating the proper and incelligene adjusement and repair of the machinery on a
tarm, A welder, a porrable power Jdrill, a tool grinder, and other such tools enlarge
the field of repair work thae may be performed on a farm.

Idencifying Machinery Parts—A machine is an assembly of various parts
which will enable the finished mechanism to perform definite funceions efficiently.
Pracucally all machinery is composed of units, such as a catting aceachment, or a
sceding attachment, These units may be composed of a multitude of small parts.
Al parts used have names; many have repair numbers. Some parts do not carry
numbers, and it is necessary to identity chem by cheir names. All parts are known
by mames that are Jesceiptive in character. The cutting knife of a mower, for
example, is kaown as a knife or a sickle,

Most repair catalogues group repair parts according w cheir use. Both the
descriptive listing and the pictures of the parts are grouped in chis way, Thus a
listing might be main wheels, axies, and drive members. If parts do not carry num-
bers, their likeness can be found in the pictures. The description of parts in
catalogues should be read to determine whether vou have che right part, For
example, vou might have o replace a ld-toorh sprocket. The only picture in the
catalogue of a sprocket of the type needed gives the number R256-M, bur when
looking through the descriptive matter, vou see thac R256-M has only 13 teeth.
Thus you will have o seck further, Often a catalogue will give in parenthescs
numbers and brief descriptions of other parts thae are slightly different. In the
above example, the number of the Li-tooth sprocket and its brief description
might be given in parentheses. The age and the model of machines should be
known before parts are ordered. Too much care cannot be exercised when parts
are ordered.
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Fig. 28.4. Haw a coaventional combine warks.

The following procedures are imporeant in the identification of machinery
parts:

1. €lean the machine 5o that all numbers on pares can be seen readily.

2. Obtain parts caralogues and instruction books for the machine.

3. Remove temporarily any pares that cannot be identified otherwise. This
procedure is rarely necessary.

. Name the various main or unit parts of the machine. You will at least

have to name approximately the parts before you can find them in a
catalogue.

Disassembling and Inspecting Machines—The following procedure is
suggested when you are disassembling and inspecting a machine:

I. Place the machine on a level and clean place, where small pares will not
be fost if dropped.

. Look over the assembly of the machine and observe the placement of
parts so that it can be reassembled.

3. Remove nurs carefully. Use wrenches that fit. Badly rusted nuts should
be loosened with a penetrating solvent, by tapping, or by using heat.

. Clean all rusty parts with a wire brush and then oil the parts with a good
machine oil. Wash greasy parts with a safe cleaning solvent. Clean the
whole machine.

5. Enspect all parts for wear and breaks, and make notations of their condi-

.

6. Mark all pares that might be confused with other parts in assembling the
machine. Tag, file, or punch parts as a means of identification. Parts
stored for a time before replacing should be oiled and placed in boxes, or
temporatily replaced on the machine.

7. List all necessary repairs and parts.

2
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Repairing and Replacing Broken Parts on Machines-—When repairing and
replacing broken or worn puarts on machinery, follow an orderly system:

. Replace parts thue are broken or worn beyond repair with new parts. If
ro number is found on ehe old part and it cannot be identified by the use
of a parts catalogue, take it to a dealer for identification. Costs and a
satisfactory job should govern whether or not repairs are made on the
farm or a¢ ¢ machine shop, Ouly a perfect fir should be tolerated in re-
placements and adjpustments.

. Sharpen or replace cutting edges.

. Replace worn gears.

Check chains for wear. rust, and cracks. Clean the chains with 2 safe
cleaning solvent and then oil them.

5. Replace or reinforce wood parts that are defective.

6. Tighren nuts and set screws where they are required to be tight. Lock
those that are used for making adjustments. Do not tighten any nuts
caough to euin the threads.

. Replace or use coteer kevs, pins, lock washers, and flac washers for a good
ok,

8. Ol bearings and moviag parts when the machine is reassembled.

A B

Assembly and Adjustmenc of Machinery—Much of the final success of a
repair job depends upon the correce assembly and adjustment of the machine. Too
much care cannor be exercised in petforming chis job, and the tollowing sugges-
tions are given:

L. Be sure chat pares belong where you ery to pue chem.

2. Do nor force parts into place—something is undoubtedly wrong if force

must be used.

Do not bemd or "make over” parts, other than cleaning and polishing

them, to make them fit

. Follow directions and use your head before your hands. Many parts of
machinery cannot be properly assembled unless related parrs are lefe
loose, When the assembly is tinished, tighten all nuts.

5. Test parts assembled 10 see thar no mistakes have been made. Some
pieces seem o work equally well in several places until the machine is
finished: then trouble resules,

& Try the machine when assembled. Use care in this procedure, as parts are
otten broken Jue o mproper placement or adjusement. Qperate the
machine by hand o run it without a load o tese the assembly,

=

Painting Machinery—Painting machinery has the following values:

L It proteces cerrain pares of the machine from deterioration.

2. lrimproves the appearance of the machine and its value is often increased
more than the cost of the painting job.

5. e finishes a repair job,

4, b increases your satistaction,

The following procedure should be followed when painting machinery. For
more detailed information on painting, refer to Chaprer 11.

Lo Select a clean, dry locarion.
2. Have parts clean and Jdry. Smooth any rough parrs.
3. Clean metal parts with a safe cleaning solvene, and polish with a wire
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brush, a file, or steel wool. Have parts dey. Use a metal rusi-resistant
punt such as red lead for the firse coat. Enamel or implement paints
thinned with curpeatine are best for metals and may be applied with a
paint gun or brush. Several coats of paint may be necessary on machinery
that needs paint badly. Qne coar per yvear will keep machinery in good
shape.

Storing Machinery—Machinery gives much better service when housed, be-
cause it does not become so rusted and small delicate pares stay in berter working
condition. Other industries properly care for their equipment, and agriculwure
must do likewise. Expensive shelters are not necessary; only protection from the
weather is necessary. Before storing machinery, check it in an orderly way:

t. Examine all parts thoroughly. List those that need repair, adjustment, or

replacement on 4 rag and fasten it to the machine to serve as a guide

when the machine is overhauled. The best time to do this is when the

machine finishes its work, as cthe operator is then aware of the pares need-

ing attention.

Remuove all parts chat requite special storage. Store them in a clean, dry

place, free from vermin, Minor repairs should be made to determine

whether or not i pare can be fixed or needs replacement.

3 Gresse carefully all pares thae should be kepe brighe or free from ruse,

such as plew shares, moldbosrds, and chans.

Preain water from all containers to prevent freezing and rusting.

Use pieces of wood o block wheels up out of the dire if the shed does

not have a concrete or wood oo

6. Place the machine in a clean, dry shed so chae it will be protected from
the weather, and from bieds and animals.

Bt

o

Fig. 78.5. A machinery storage building. The shop area Is enterod through the small
doar on the lefl.




CHAPTER 29

Adjusting and Repairing
Field Machinery

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

How should row planters be adjusted and repaired?
How should grain drills be adjusted and repaired?

How should plows be adjusted and repairedr

How should disk, spring-tooth, and spike-tooth harrows be adjusted and
repaired?

How should cultivators be adjusted and repaired?

How should mowers be adjusted and repaired?

How should forage harvesters be adjusted and repaired?
How should balers be adjusted and repaired?

9. How should combines be adjusted and repaired?

10. How should corn heads be adjusted and repaired?

I'1. How should sprayers be adjusted and repaired?

e s

INTRODUCTION

The adjustment and repair of only the more important field machines are
discussed in this chapter. The suggestions given do not attempt to include all the
minor details involved in the adjustment and repair of these machines. Insufficient
space is available in a mechanics in agriculture book which covers the entire field
of agriculeural mechanics, as this book does, to include a detailed discussion of all
machines used in production agriculture. The abilities developed in adjuscing and
repairing the more important and complex machines included should make it pos-
sible, however, for a person to learn, with the help of the operator’s manuals, how
to adjust and repair other machines used on farms and in nonfarm agricultural
businesses.
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ROW PLANTERS

Types—Row planters may be classified as (1) wrailing, (2) rear-toounted, and
(3) front-mounted. A classification can also be made on the way the piznter places
the seed. There are drill planters, hill-drop planters, and check-row planters. Hill-
drop and check-row planters have been used much less in recent years.

{Courtesy Deere & Company, Technical Services. Moline, L.}

Fig. 29.1. Disk-type furrow openers for a sow-crop planter.

Drilling—A planter that is drilling seeds drops the seeds in a row a cettain
distance apart. This distance may be varied, for example, from 2.5 inches to 17.5
inches. With seeds 6.5 inches apart and with a row spacing of 40 inches, the plant-

angy

ing rat¢ would be 24,000 plants per acre. Consule the operator's manual for the
planter for instructions on how to adjust it to obrain varving planting rates.

Hill-Dropping—A planter set to hill-drop will collect the seeds and drop two
or more seeds at regular intervals. The number of seeds dropped per hill depends
on how the planter is adjusted. Consult the operator’'s manua! for instructions for
changing the hill spacings and the number of seeds per hill.

Checking—A planter equipped to check will drop the seeds in squares, which
permits cultivation with rows and across rows.

Parts of a Planter—Row-crop planters have the following parts:

[. Frame.

2. Drives. Trailing type planters are commonly driven by a wheel such as a
carrying wheel, gauge wheel, or press wheel.

3. Openers for seed furrows. The furrows for the seed may be opened in
various ways such as with ruaners, disks, shovels, or a combination of
these devices.
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p

HINGE PIN

FILLER RING

{Courtesy Allis-Craimers Mtg. Co.)

Fig. 28.2. An tﬁ!ﬂ«d view of the parts of a corn hopper for 3 planier with ssed
plates.

(Courtesy John Deere. Moine, Il |

Fig. 20.3. Edge-drop seed piates should be selectad so that the corn keraels, like the
kernel marked “'A,’" Mt the celis.

4. Metering device for seed. The devices for metering the rate of seeding
are of three primary types. They are seed plates, finger pickup devices,
and air devices. See Figs. 29.2, 29.4, and 29.7 for illustrations of these
devices.

5. Mechanism for placement of sced. Some planters have a gravity-drop
mechanism, In order o obiain greaier precision in sced placements,
machinery companics have developed power-drop mechanisms such as
seed conveyor belr drop, rotary valve drop, chain drop, and air drop.
See Fig. 29.8 for illustration of a rotary valve mechanism and Fig. 29.9
for illussration of a chain-drop mechanism.
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l BLOWE{ l

DELIVERY
TUBE

o DIRECTION
OF TRAVEL

{Courtesy eere & Company, Tachmcal Services, Makine, 1.}

hntml 29.4. A cutaway viaw of an alr pressure seed melering davice for a row-crop
planier.

ATMOSPHERIC PRESSURE
LOWER THAN AIR PRESSURE
INSIDE DRUM

AIR PRESSURE
INSIDE DRUM

S {‘

\g\g\g\l

{Couitesy Deese & Company, Technical Services. Moline, 111.)

Fig. 20.5. A cutaway view of an air pressure seed metering device, showing how air
pressure haids the seed in place inside the seed drum on a planter.
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SEED
RELEASE
WHEEL

DISCHARGE
TUBE

DISCHARGE
MANIFOLD

SEED
CUTOFF
BRUSH

{Courtesy (eere & Company, Technical Services, Matine, 11.)

Fig. 29.6. A culaway view of an air pressure sead metering device. showing the seed

cutolt and ralaase mechanism on a planter.

SEED IN
PLANTER
SEED HOPPER

FINGER
PICKUP
ASSEMBLY

K /’.

SEED .
PLACEMENT
MECHANISM

(Courtesy [eere & Company, Technical Services, Moiine, (11}
Fig. 28.7. A ssed metering mechanism, using a finger pickup device on a planter,
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« DIRECTION
OF

TRAVEL

{Courtesy Deere & Company. Technicat Services, Meline, 1Il.)

Fig. 29.8. A power-drop seed placement mechanism onr a pfanter, using & rolary
valve.

6. Covering devices for the seeds. Various mechanisms are used to cover
the seeds. They include such devices as shovels, knives, and disks. The
type of seedbed determines the best covering device.

. Devices for pressing or packing the soil over the seeds. Some type of
wheels are used such as press wheels, firming wheels, or packer wheels.
The type of seedbed often determines the best type of wheel to use.

8. Hoppers for seed. Some planters are equipped with individual seed
hoppers for cach row, while other planters are cquipped with a cen-
tralized seed hopper,

9. Awachments for tilling che soil directly in frone of the furrow opener. In
plowed ground, such mechanisms as a disk-furrow attachment, tine-
toth attachment, or V-wing attachment are used. For minimum tillage,
such mechanisms as the fluter coulter or che ripple coulter are used.

10, Moniters. Monitors to determine whether or not a planter is planting
properly are used on some planters. Monitors often utilize an electric
eve,

Prefield Preparation—Several prefield adjustments may be made on a
planter. The following are recommended:

1. Check the parts of the planter. Inspect for worn sprockets, gears, and
chains. Iaspect the hoppers. Check for weakened springs. The power
train should be checked.

Attach the planter. See the operator’'s manual.

Level the planter. See the operator's manual for instructions regarding
this procedure.

S
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{Courtesy Deere & Company. Technical Services, Molin2. (il.)

Fig. 29.9. A power-drog seed placement mechanism on a pianter, using a chain-drop.

e

Adjuse the space of rows, The space between rows may be adjusted on

many plasters. Consule the operator's manual for procedures.

5. Adjust the lengeh of the row marker.

6. Select the planting population and adjust che planter to obtain this rate.
Consult the operator's manual for instructions on adjustments necessary
t¢ obtain a specified rate. The rate of planting may be influenced by
speed of travel and by tire inflation.

7. Calibrace the planter on “crial runs.”

In prefield adjustments, set the planter to plant at the desired rate, and then
provide a trial run to determine whether or not the planter is adjusted correctly. In
the trial run raise the planter and “plant” 100 feet on top of the ground. Then
check the drops to determine whether or nor the distance between seeds is cor-
rect, and whether or not the rate of seeding is correct. If the rate of seeding is
incorrect, make adjustments. The scattering of the seed may be caused by exces-
sive planting speeds. Consult the operator’'s manual for the best operating speed.

Field Adjustments—The speed of forward movement may affect the planting
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rate and the accuracy of seed drops. in calibrating 2 planter on “trial runs,” the rate
of tavel should be the same as it will be in the field. '

£ chaing break or climb, they may not be runaing straighe, or they may be too
tight or too loose. A chain may be tightened or loosened by adjusting the chain
wdler. T a chain is not running straight, realign the sprockets.

Check the seed hoppers o determine whether or not they are all using the
same amount of seed. I not, the seteing of cthe drive gears may be different, or the
size of plates, if the planter has plates, may not be the same in the various hoppers.

The depth of planting needs to be checked. Depth of planting adjustments are
often needed. Consule che operator’s manual for procedures for adjustment of
planting depth. Always calibrate the seeding rate in the field. Remember that
cravel speed may affect seeding rate. Therefore, it is essential to know travel speed.
Travel speed is atfected by:

I. Tire stee
2. afation of tires on drive wheels,
3. Soil conditions,

The tormula for checking travel speed is to measure the distance (in feer)
traveled in one minute and divide by 88, The result will be miles per hour.

Repairing—In repairing a planter before the planting season, check for the
totlowing and make the repairs indicated;

1. Twisted or bene frame. If the furrow openers are aot an equal distance
trom the groumd, 4 twisted or bene frmne is indicated.

2. Worn whee] bearings. The wheel bearings should be cleaned and lubri-
cated before the planting scason cach year. Replace worn bushings.

. Loose boles, rivets, and bearings.

Weak or broken springs.

Dull furrow opencrs.

6. Slippage of planter drive mechanisms, such as the drive wheel.

Condition of seed metering devices.

R

GRANULAR ROW APPLICATORS

Calibrating—Granular application of chemicals for weed and insect control
may be made at any time. However, granular applicators often are attached to
planters. These olanter-attached applicators usually apply che chemicals in a band
over the seed. Calibration of these applicators is important because inadequate
application may not produce the results desired. Too heavy an application is costly,
and it may damage the crop being produced.

The rare of application is determined by (1) metering orifices, (2) speed of the
agitator, (3) ground speed of che applicator, (47 aature and size of the granules, (5)
roughness of the field, and (6) humidity and temperature.

In setting applicators, read the chemical label to determine the percentage of
active ingredients and the recommended rate of application of active ingredients,

such as 15 pound of actve ingredients per acre. Consult the operator’s manual to
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Jdetermine the orifice setting required for applying the pounds of granules recom-
mended. Check the width of row for which the orifice setting is based. Also check
the ground speed recommended for the orifice setting suggested.

Place paper or cloth bags over the hopper dispenser chutes, and field test the
amount of application for a round o two in the fielkd. Weigh the granules collected
and Jetermine the acreage covered. The acreage covered may be determined by
the following formula: #

Rows covered _ |
Rows peracee | Jcrease
The application rate may be determined by this formula:

Pounds applied
Acreage covered

It the eate of application is not correct, make certain that the speed of cravel of the
applicator agrees with the recommended speed of travel. Varying the speed of
eravel can make tremendous differences in the rate of application. Most applicators
use & roteeing agitator. The action of the agitator varies with the ground speed of
the applicator. An increase of ground speed of the applicator of 1 mile per hour
may Jdouble the rate of application.

To check ground speed, determine the seconds it takes to travel 176 fect. If it
takes 68 seconds, the ground speed is 2 miles per hour. If it takes 30 seconds, the
ground speed is 4 miles per hour, and so forth. If ¢he amount of application is
incorrect when the ground speed is correct, change che orifice setting proporeional
to the increase or decrease in rate desired, and continue to field test until the
desired amount is being applied.

Fregquen: checks of the amounr of application are desired so thar the
applicator is motivated to drive at the speed recommended, and so that minor
adpustments can be made to compensate for the degree of roughness of the field
aml for humidity and temperature changes,

GRAIN DRILLS

A grain drill is made to seed successfully many different seeds of various sizes,
shapes, and weighes. e cherefore has various adjustments which make it possible to
plant these different seeds accurately. Grain drills have two types of drill feed
mechanisms:

. laternal double-run type.
2. Flured force fred type.

Adjusting the Internal Double-Run Drill—The mechanism for regulating
the rate of seeding of an inrernal double-run drill consists of a feed wheel and a
feed gate. (See Fig. 29.11.) The feed wheel has a deep side and a shallow side. On
the deep side of the feed wheel, the serrations are of greater depth than they are
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iCounesy 3 + Case Coy
Fig. 29.10. This illugiration shows haw tertilizer is distributed in reiation to the seed.

ot the shallow side. The wheel can be adjusted so that eicher side may be used to
regulate che How of the seed. The wheel is adjusted for the use of the deep side
when large or bulky seeds such as oats are being drilled. It is also used when large
quantities of seed are to be sown. The shallow side is used for such seeds as wheat
or alfakty,

The side of the feed wheel used iy an adjustment that can be made to regulate
the amount seeded, but ewo more important ways of regulating the amount of seed
suws are the adjustment of the spewd of the feed wheel and the adjustment of the
seted gates,

The speed of the feed wheel is adjusted by changing the gear ratio in che gear
box. Most gear boxes have 7 to 10 gear ratios. The size of the driving sprockets
may afso be changed. When this is done, a new set of feed wheel speeds is pro-
vided,

The position of the seed gates in the feed wheel is as important as the speed
of the wheel in determining the amount of seed sown. There are two to four
possible positions for the seed gate on the shallow side of the feed wheel, and two
to tour possible positions for the seed gate on the deep side of the feed wheel, the
nember depending on the make of the drill. The seed gates are located at the
bowrom of the sced cup. (See Fig. 29.11.) For uniform seeding all gear boxes and
seed gates must be ser the same, The manufaceurer’s instructions should be con-
sulted fur the recommended setting for the various rates of seeding of the different
kinds of seed sown with a Jdrill.
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{Courtasy John Deere, Moline, 14.)

Fig. 28.11. A detsiled view of a doubie-run foed mechanism showing (fop) an adjust-
abis gals Inside the fead cup for regulating the size of the feed opening, and (botiom) a
fock lover on the smail side of the fesd mechanism for regulating the quantity feed gate.

Adjusting Fluted Force Feed Drills—The fluted force feed mechanism for
regulating the rate of seeding consists of a seed cup conrtaining a fluted roll, a feed
cutoff, and a feed gate. When the feed roll turns, it forces the seed over the feed
gate and into the seed tube which delivers the seed to the soil.

The amount of seed sown is regulared by the feed roll in the seed cup. A lever
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is provided for adjusting the feed roll. A dial is provided beacath the lever which
indicates che rate of seeding. For example, if the lever is set at 20, the correspoad-
ing number may be found on the sowing chart, usually on the inside of the lid of
the hopper. The sowing chare will indicate the rate of seeding for this setting.

Many factors may influence the rate of seeding, such as the moiscure content
of the seed and the quality of the seed. Therefore, all settings are approximate.
The quantity of seed beiag sown should be checked after one or two acres have
been drilted, and adjusements made to compensate for the differences thar influ-
ence the rate of seeding. The rate of seeding may also be calibrated before going to
the field. The method of calibrating a grain drill is described in the following sec-
tiett of ehis chaprer.

iCourtesy Johe Deere Mokae, I }

Fig. 29.12. The delail of #iuted grain dril) fead cups, showing the ditterint eattings for
the various seed sizes. The quantily is regulated by shifting the feed roll and leed cuiah to
parmit mare or less of the feed roll to furn within the feed cup.

Pasition 1.(A) Feed cup, (B} Iateh in upper left-hand noich. Fasien all gates with
taiches in top notch on le#t side to sow ali grains, small seeds, kalfir corn, and beets.

Position 2—(C) Lateh in right-hand notch. Fasten all latches at right side to sow
peas, common heans, soybeans, corn, and exira-large quantities of trasky oals,

Position 3--{D) Laich in lower left-hand noich, (E} Feed roll. Faston all {atches in
tower agich on feft side (o sow seyheans or kidney beans.

Position 4—(F) Feed cu'oll, (G) fesd shalt. Urop the gates to clean.

Pasition S..{H} Soybean gate special atiachment. Can be farnighed for pianting
soybeans and rice In quaniities up to 8D pounds per acre.

In addition to the adjustment on che futed feed foll, some drills can also be
adjusted by changing rthe speed of the ed woll, which is done by changing the
speed of its drive shafe. The gate in the sed <up is the adjustment provided for
handling the various sizes and shapes of seeds scwn. The gates can be set in several
positions. The closed or uppermaost settings of the gates are used for small, heavy
seeds such as wheat. The lower or more open posidons are used for bulky, light
seeds such as oars. For untform seeding all seed gates must be set the same.

Calibrating the Seeding Mechanism=To begin the calibration of a grain
drilt, firse parially close cach seed gate; then pour some grain into the seed box,
Block up the drill and place a canvas under the dritl to carch the grain. Be sure that
the canvas is under alt the seed tubes. Lay a board under the drill to protect the
canvas when the furrow openers are lowered to their operating position.

If, for example, oats are 1o be sown at 12 pecks per acre, w check the calibra-
rion, set the drill according to the manufacturer's directions to seed this amount.
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Courtesy J 1 Case Co §
Fig. 29.13. An Hiusiration showing how the seed is forced into the tube leading to the

Multi- Grags Seed
luber Hopper

RAemote

Hydraulic
/ Cylinder

Controt . Metering
Pressure Furrow Drawbar Control Frame Hitch
Springs Opener Lever

(Courtasy Deere & Company. Technical Services, Moling, 1i)
Fig. 29.14. A partial view of a grain drill, with the principal parts named.
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Then measere the wideh of ehe drill. The next step is to measure the circumference
of the drive wheel. This information is used in the computation required for check-
ing the seeding rate.

There are 43,360 square feet in one acre. The 43,560 should be divided by
the width of the drill tin feet). The number obrained equals the distance, in feet,
the deill must eravel to cover one acre. The distance the drill must travel for one
acee should be divided by the circumference of che drive wheel (in feet). The
number obtained equals the turns the drive wheel must make ro cover one acre.

Tura the drive wheel to force the grain out of the seeding mechanism. In
order to keep track of the turns more easily, tie a rag around the rim of the drive
wheel. The piles of grain should be approximately equal in size to insure a uniform
seeding rate.

After the wheel has been turned the desired number of times, raise che furrow
operers, remove the board, carefully gather up the grain, and put it in a sack for
weighing or measuring. With this information, the computation can be completed.

Adjusting Furrow Openers and Covering Devices=A single disk is the
most common type of furrow opener ysed. Double-disk, hoe, and shoe furrow
apeners are wsed on some drills, however,

It a single=disk furrow opener i1s used, it should be adjusted to operate ar a
shight angle. i this angle is too much or o littde, the seed will not be covered
property. The operator’s manual gives instruceions regarding the angle ar which o
set the disks. Examination of the work of the drill will also indicate whether the
coreect angle is being used.

The disks should penetrate the ground to the same depth. The depeh of che
disks is conerolled by springs. These springs are adjustable.

{Courtesy John Deere. Mofine. 11i §

Fig. 29.15. Views of double-disk furrow openers. The cutaway view on the right shows
kow seed is delivered {o the opened trench.
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The two types of covering devices i most common use are press wheels and
drag chains. Examination of the work of a drill will indicate whether the covering
device used 5 petforming its function.

Adijusting Hitches, Drives, and Wheels—A swinging drawbar should nor be
wsed with a deill, because it may permit the Jdeill to swing from side to side. Use a
fixed drawbar and hitch at 2 heighe that will permir the cop of the seed box o be
level. b ehe box tips backward, the seed will be covered too deeply. If the box tips
foreard, the placement of che seed will be too shallow.

The drive chains should be adjusted to remove the slack, but excessive ten-
sion: should be avoided.

The tires on a drill should be inflated properly, because the degree of inflation
wfluences the rate of seeding. The operator’s manual gives the proper inflation for
the tires, The wheels of a drill should be adjusted so that the distance between the
top sides of the wheels is | inch further than the distance between the bortoms of
the wheels. This is known as camber. The front of each wheel should have a “roe-
in” of bz inch.

Checking and Repairing—~If a grain dreill does aor operate properly, the
Jdifticuley may be caused by:

b The feed mechanism, Tuen ehe feed mechanism Jdrive shatt with a
wrench, If it Joes not tue casily, check for obstructions in the feed
wheel or feed cups, Cheek for broken feed gears. Examine the feed
shate o determine whether or aot 15 twisted. Check for frozen or
broken pares in che fertilizer feed box.

Worn or improperly adjusted cluech.

Fatture of driving gears co mesh,

Woen pawls in drive wheels,

Leaks i seeck or fertilizer box,

6. Sprung frame.

The drive ¢haing should be checked for wear, The furrow opener bearings
should also be checked frequently for wear. Replace them when they become
WOLD.

The following is a list of the parts which should be checked before a grain drill
is seored:

f. Happer

2. Agitaror

X Feeding Jevice
4. Seed shafe

3. Furrow openers
. Seed rubes

. Drag bars

8. Sceapers

&, Wheel bearings
k6. Frame

FE Wheels

k2. Levers

£ 3, Ferethizer and grass seed attachments




48 MECHANICS IN AGRICULTURE

The following procedure is suggested for cleaning the seeding mechanism:

L. Remove grain from seed box hoppers. All grain should be removed to

prevent the molding or germinating of the grain, which may cause the

mechanism to clog.

Place the drill on sawhorses.

. Open the feed regulator and open each feed gate.

. Lower the furtow epeners and put the drill in gear.

. Turn a drive wheel to run the seed through the feed mechanism.

6. Brush any remaining seed or foreign material into the seed mechanism
to remove it from the seed box.

7. Clean the feed gates and surrounding surfaces thoroughly by brushing
with a cleaning solvent.

8. Clean the fertilizer attachme-t to eliminate the hardening of old fer-
tilizer and to help prevent the corrosion of the mechanism.

WA R B

MOLDBOARD PLOWS

The moldboard plow is one of the most common farm implements, and with
proper care and maintenance it will lasc for many years. Like other implemests, it
should be kept properly lubricated and adjusted for efficient use. At the close of a
day’s work, the plow moldboards and shares, the coul:zrs, and the jointers should
have a light coar of oil applied to them to protect their surfaces from rust. At the
close of the season they should be covered with a thin coat of grease. The plow
should chen be placed in a suitable shed and housed until needed.

Plowing difficulties are usually caused by the improper adjustment of the
plow. Most operators can do an excellent job of plowing if their plows are adjusted
properly.

(Courtasy U.S.0.A)

Fyg. 20.15. A irip spring and 2 wask pin hiith release meunied on Beams o prelec!
plows whon shjocts are hit while you wre plawing.

Adjusting Hitches—Plows will work best if they are hitched as nearly as
~ possible to their center of draft. The method of locating the line of draft of a plow
is illustrated in Fig. 29.17. When plows are hitched so that they are pulled, to the
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extent possible, straight ahead from their line of draft, difficulties such as the fol-
fowing will be prevented:

. Batlure of the front bottom to cover

. Failure of the front bottom to rake a full cut
. Side Jratt

. Excessive load

Ridging of the groumd

w,:r\":‘ﬂﬁ‘gm

= Homlcﬂur. LINE CGOF DRAFT 5 8ONTOM

AR

FLRRGI Wkt
Gk ta BOFFOM

PO

| \

LNE GF @ﬁ.&t?—-’*

(Courtesy Asis-Chaimers Mig. Co.)

€ig. 20.17. Finding the center of draft On any size plow Is simple. First find the total
mo!mnlw!wmwmm bottoms. Half of the tolal cut is the center of the cul.
. cerer of the cut one-fousth of the distence of the cut of ane
Gattom 1o cblaln the center of draft. The horizonisl fine of dralt (s the line of pull from the
- plow to the tractor hiich, as shown,

B
£t
H
?

Rermember in hitching a tractor that the center of pull is midway between the
rear wheels,
It adjusting the hitch of a ractor plow, do the following:

. Lacate the plow so that the front bottom will be curtting a full furrow,

. Eower the plow into plowing position.

Block up the land wheel to a distance equal to the depth ar which the

plow is 1o be operated.

4. Adjust che plow so that weight of the plow is on the points of the plow-
shares.

5. Determine the center of cv- and line of draft of cthe plow. (Sce Fig.
29.17.3 The center of draft is a point approximatcly on the line where the
moidboard and share jcin.

6. Dretermine the center of pull of the wactor.

7. Steetch a cord from the center of the draft of the plow to the center of

pull of the tractor, With 2 fixed drawbar, the plow should be hitched ro

Pl ol
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the hole ncarest the string. With a swinging deawbar, the deawbar should
be locked in position parallef to the string.

8. Set the hinge bolt of the plow hitch to correspond to the height of the
sering stretched between the center of drafe of the plow and the tractor
hitch.

9. Adjuse the brace bar on the hitch so thar the front bottom will rake a full
cut.

If the plow goes too deep as hitched, the difficulty may be that the vertical
wdjustment of the hitch is incorrect; see step 8 in the procedure for adjusting the
hitch. Another tadication of an iacorrece vertical hiech is the front end of the plow
ridtag high. An incorrect hitch may cause a tractor to steer hard, or it may cause
the wear wheels of the tractor to slip because of a lack of traction.

Adijusting the Furrow Wheel—A furrow wheel is designed to support che
weight of the rear part of a plow. After the hitch is adjusted and while the plow
and tractor are blocked up on the floor, adjust the furrow wheel so that the heel or
landside of the plow bottoms is L% te 34 inch from the floor. The furrow wheel
should also be adjusted against the furrow wall so that the heel or landside of the
plow bottoms is 13 to ¥ inch from the furrow wall. The rire on the furrow wheel
must be kept inflated properly to maintain this adjustment.

{Courtesy John Deere. Mokne. IIl.)

abie F:g ml A plow bottom with IB;W pabr;; u:ll,l;ld étm‘r:in(:mtz h‘r'au.' malle-
] for haiding quick-detach or
porting share, (F) siol in fm for lug in share, (G) l::dﬂdo and {H) mold‘llglrdu.‘ ww

Adjusting Coulters and Jointers—Adjust coulters so that the hubs of the
coulters are directly above the points of the plowshares. If the plow does not
penetrate properly in hard ground, setting the hubs of the coulters approximately
3 inches back of the points of the plowshares may help.

The coulters should also be set high enough so that the plowshares are cutting
abour 2 inches deeper than the coulters, but the coulters should never be ser to
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penetrate deeper than 4 inches. The coulters should be set Yz to %4 inch away
from the landside of the plow bottoms.

Set jointers as near as possible to the coulters. Allow about Yie-inch clearance
between a jointer and a coulter. Adjuse the jointer so that it will penetrace the soil
about 2 inches.

If the furrow wall crumbles, the coulter may be set too close to the plow
bottom. If the coverage of trash is not adequate, the coulters and jointers may be
set too high.

Coalters on plows should be kept sharp. Coulters may be sharpened with a

“hench grinder. Remove each coulter from the plow and adjust the bearing so that
the coulter will turn easily. When grinding a coulter, hold it against the grinding
wheel so that the coulter will turn as it is sharpened. The turning of the coulter
avoids the overheating of the cutting edge and makes the sharpening process
easier.

Adijusting Mounted Plows-=To get a mounted plow to plow at the correct
depth, the lifting connections must be adjusted so that they are loose while plow.
ing. The side drafe may be decreased by narrowing the width of the wheels of the
tractor as much as possible while maintaining a safe width. The heel of che landside
of the bottom should run o the bottom of the furrow. This may be accomplished
by adjusting the vertical hitch. It should also be adjusted so that the plow runs
level. Remember, the depth of plowing is controlied by the hitch,

Noter that the underside
uf the gunnel 15 2 straghe
line. The nose of this share  f
shuthl pot be bea down by Jf
the blacksmath. Y

Bottom Suck

tCourtesy M. ¥. Gowsler. Unwersity of Tannéssee:

Fig. 29.19. Mows must have. down euction to give pensiration. The emount of clear-
ance at the point indicated in the ilfustration should bs abou? Ya inch. Side suction enables
# plow to cut an even, full-width furrow. The clearance at the point indicated in the illus-
tration shnuld siso be about % inch.

Mounted plows have an adjustment for tilting the plow. Locate this adjust-
ment by consulting the operatof's manual, and adjust so that the wing of the share
is about 14 inch higher than the landside of the botcom, This tilting decreases side
draft and helps to keep the plow in the ground.

Repairing—Some of the parts of a plow to be checked for wear and breakage
before storing are:

[. Share

2. Landside
3. Frog

4. Moldboard
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Coulter bearings can usually be tightened with the bole on the coulter fork.
The cones may have to be ground to permit this tigatening. The axle shaft of a
plow may become worn. If it does, it can be repaired by padding with a weld, or
the axte may be replaced. Wheel bushings in wheel hubs may have to be replaced.

if the beam is sprung, it usuatly requires (1) special equipment to correct the
difficuley, or (2} che replacement of the beam.

The plowshares should be sharpened or replaced with new ones before the
beginning of the plowing season.

HARROWS

Harrows are used to prepare seedbeds. There are three principal types:

. The disk harrow
. The spring-tooth hatrow
. The spike-tooth harrow

by Ko e

Disk Harrow-lIt is important 1o keep a disk harrow sharp. A disk harrow
may be sharpened without being taken apart if special disk-sharpening equipment
is available, such as a flexible shaft grinder. If only a stationary power grinder is
available, the individual disks must be removed. Do this by unscrewing the nut
from the end of the arbor bolt and then removing in succession the disks and
spools. The disks should be ground on the convex or outer side. Be careful not to
overheat the disks while grinding them, or their temper will be destroyed. After
they are sharpened, the disks and spools should be put back in the order in which
they came off. The arbor bole should be tightened and locked in place. If the arbor
bolt is bent, you may straighten it on an anvil without heating it.

The bearings should be cleaned and wested for wear. Test excessive wear by

GANG BEARING HOUSING

4
AN
™ BEARING BLOCK
0isK e
“BEARING
PLAIN SPOOL SPOOL , GANG BOLT
- /\ ook wasieR
—_ Lo b4
T GANG BOLT
WASHER
GANG BEARING CAP

CUTAWAY
DISK
BACK-UP /9
PLATE
{Coustesy Allis-Chaimers Mig. Co.}
Fig. 29.22. Detailed drawing of part of a gang of a disk harrow.
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placing a disk, adjacent to a bearing, on a two-by-four and checking for movement
in the bearing. If excessive wear is suspected, turn the disk over on its back and
remove bearing caps to inspect the wear. Replace the bearings if worn excessively
or if broken. Spools do rot wear as rapidly as beariags, but they do need to be
replaced occasionadly. All bearings and spools should be cleaned thoroughly before
the disk s reassembled.

Scrapers frequently need to be adjusted and repaired. Worn scrapers may
need to be replaced. but bent scrapers can often be straightened. After the scrap-
ers are repaired, they should be adjusted so that they are about 1 inch from the
auter edges of the disks.

All bolts in 2 disk should be checked to determine whether or not they are
tight. Levers, hitches, and braces should also be checked to determine whether or
not they are in good weorking condition. All lubricating devices should be checked
to Jeteemine whether or not they are working properly.

(Courtesy Foley Manufacturing Co.}
Fig. 29.23. A disk should be kept sharp.

Spring-Tooth Harrow—A spring-tooth harrow is a simple tool. It is often
used to control weeds with a widespreading root system. The teeth need to be
kept sharp. They should be ground on their back side. The points nor only will
become dull but will wear round. Points may be restored by grinding. In grinding
do not allow the teeth 10 heat above a cherry red color. Plunge the teeth in water
to prevent overheating. Some teeth may need to be restored to thexr ongmal shape
by a blacksmith,

After the teeth have been repaired and sharpened, they should be adjusted.
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Horizontal shafting.

Slgeve for shaft end,

"

A
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|
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Horizontal shatting and belt and pulley, Coupling.
(Courtesy U 5. Depariment of Labar, Secupationat Safety and Heath Adminigiration)

Fig. 29.24. Examples of fechniques of guarding rotating motion on agricultural
mathines.

Place the harrow on a level area and set it so thae che teeth touch the floor. Those
that do aot should be adjusted, The reeth may also need 1o be adjusted so that no
tooth will follow immediately behind another woth. Check o see that all clamps
holding teeth are tight

A spring-tooth harrow is subjected to considerable strain and vibration. The
frame of the harrow should be checked to determine whether or not it is bent. The
frame and draft bars may be straightened on an anvil. Examine the bolt holes and
the runners for wear. Worn bole holes should be reamed and larger bolts inserted.
A worn runner may be repaired by welding a new picce to it. Breaks in the frame
may alse be repaired by welding.

Spike-Tooth Harrow—Tooth bars and frames of spike-tooth harrows may be
straightencd on an anvil. The front of the spiked teeth should be sharp. They may
often be turned so that a sharp edge will be forward. It it is nor possible to rn a
sharp edge forward, the tooth should be removed and ground or forged sharp.

When a tooth is worn so short that it cannot be set so that it will run as deep
as the other reerh, it should be replaced. All teeth should be adjusted so thar they
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will penctrate the soit equatly. Adjust their placement so that no woth follows
directly behind another tooth.

Tighten all teeth, bolts, and auts. Check o determine whether or not all con-
trol mechanisrs are operating correctly.

ROW-CROP CULTIVATORS

Tractor-mounted row-crop cultivators are in common use on the vast acreage
of row craps in the United States. The most common type of soil-engaging part
wsed on a cultivator is some kind of shovel.

Adjusting Shovels—All shovels should enter the soil easily and to the same
depth. They should be set to run straight ahead and not crowd toward or away
frem the row. If a shovel does not enter the soil easily, it may need sharpening or a
reshaping of the point. Penctration of a shovel is determined by the degree of
pitch of the shovel, I a shovel is set too flar, it will not penetrate. [t set too
steaight, it will not penctrate and will end o "jump.” A shovel should usually be
set at a F35-degree angle. A T-bevel may be set at a 135-degree angle with a
combiration square. The T-bevel can then be used 10 set the correct pitch of the
shovels. When shovel pitch s being set, be sure the gangs are level. Each shovel
shank should be raised or lowered so that all the shovel points are level.

Prefield adjusements can be made by drawing lines on a floor at a width equal

TOOG STRAGHT WRONG

(Courtesy Atlis-Chaimers Mfg. Co.)

Fig. 29.25. Correct and incorrect shovel and sweep settings. To adjust, loosen ihe
adjusting bolt in the shovel or sweap sieeve (56).
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to the width of the rows to be cultivated. The reactor wheels should be set apart
reice the distance of the width of the rows, The tractor can then be drives over
the fines drawn on the flooe.

The teacror should be blocked ro a height equal to the operating depth of the
cultivator when keveling che shovels, setting the picch of the shovels, and setting
the distance of the shovels from the row. When this is doae, the shovels can be set
w the exact position in which they wi'l be working.

After the tnside shovels are set ar the proper distance from the row, the re-
matntng shovels should be adjusted so that they will cultivate the rest of the soil
between the tows.

When the mside shovels are angled toward the row to hidl the soil around the
row, crowding can be prevented by angling the back shovels ia the opposite direc-
tionr. When the inside shovels are angled away trom the row to prevent the cover-
ing of voung planes. the back shovels are angled towaed the row,

Adjusting Lifting Mechanisme=Most row-crop cultivators are ¢quipped
with bydraulic Htfes for raising and lowering the gangs. The lifing mechanism
should work freely. B springs help in lifting the gaags, they may need to be ad-
tusted. The valves of the hydrantic life should be checked to determine whether
they are operating correctly. Checks should also be made for leaks in the hydraulic
mee bunism,

Repairing—The first step in repairing all machines, including a culuvator, is
to chean abl pares of dire and grease. All moving parts should be checked for wear,
Loose parts and boles should be tightened. The hydraulic mechanism -hould be
carefully chicked for wear, jor leaks, and for valves that are operating improperly.

Broken pares should be repaired or replaced. The shovels should be examined
tor wear and dullness. I the shovels are dull but the correct shape, they may be
sharpened by grinding. The under edge of a shovel should be ground with a 45-
degrev bevel when i is sharpened. If the point is woen our of shape, it should be
heated and repointad. I wors severely, the shovel may have o be replaced.

Eubricate all working parts ar regular intervals. The shovels should be covered
wieh a thin coat of oil at the close of the day and with a thick coat of grease before
betng stored at the end of the season. Remember. preventive matntenance may save
mary costly repaiv bills.

MOWERS

A mower presents most of the problems found in general machinery overhaul-
ing. [t is one of the mose important implements on nearly every farm, and being a
machine with fast-maoving parts, it is subject to rapid wear. A mower appears to be
a simple machine, but there are manv adjustments that are not understood and
consequently never made. The parts of a mower are accessible, and, almost with-
out exception, every parr subject to wear can be replaced. When properiy repaired
and adjusted, a mower can be kept as long as the major framework is sound. Much
of the cost of a mower is in the cutter bar and sickle, which are readily accessible
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tor repairing. Many mowers that have been discarded can be repaired and made
serviceable for a relatively small sum of money.

MOWER DIFFICULTIES

Common mower difficulties are heavy draft, side draft, brokea guards, broken
knives, uamowed streaks, and uneven cutting. The causes of these difficulties are
many., such as lag of cutter bar, lack of register of knives, worn ledger or wear
plates, guards ot being aligned, dull knives, sprung knife bar, worn knife bar
head, and worn pitman.

MOWER CUTTER BAR ADJUSTMENTS
AND REPAIR

Lead—lFrmproper lead in the cutter bar 1s the cause of many mower difficul-
ties. The outer end of a cutter bar should lead or be set ahead of the inner end of
the cutter bar.

Ia determining the amount of lead a cutter bar has, place the hitch in its
operating position. The outer end of the cutter bar is then pulled back as far as it
will go. A cord may then be fastened to the flywheel end of che picman and placed
aloag the pitman to the outer shoe. Be sure to keep the string parallel to the
pittag. The amount of lead is the distance the cord is from the back edge of the
knife at the outer end of the cutter bar.

tCourtesy International Harvester Co.)
Fig. 29.26. A mower showing an automatic safety rolease in the tripped position.




Y. efiech. for
AGARERE,
HEREH Gorg 16
fitirean. boy
and strateh:
Hgnty dver
chter of
frtitgr stick 4
and wfe neadyl .
Bad. &g over

and beyand - |
shge. Back il
B8 of kfe :
shewis be

paralint with

eorg.

ADJUSTING AND REPAIRING FIELD MACHINERY

G. Kpife Heas

{Courtesy Intesnational Hasvester Coy

Fig. 20.27. A mower cuttar bar with the important parts named.
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Fig. 29.28. How fo determine the iag or lead in a cutter bar.
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A lead of Ly inch per foot of fengeh o cutter bar should be provided. Some of
the newer mowers are provided with & device for making this adjustment. How-
ever, the operator's manual for the mower being adjpusted should be consulted. Tt
will provide tnstructions regarding the method of making lead adjustments.

Guards—The guards on a cutter bar must be in alignment, and the ledger
plates on the guards must be periodically replaced and adjusted to obtain a good
job of mowing See Fig. 29.29 for an wentifivation of the parts of a guard.

144" TO )4o" CLEARANCE

WEAI@{NG PLATE

LEDGER PLATE
tGonrtesy Iterngtionsl Farvaster GO §

Figs. 20.29. A cutaway view of 2 guard and knife ghowing the corract adjusiments for
the guard lips and tha ledger plates.

1Courtesy Magsey-Ferguson, Ing.j

Fig. 29.30. Yo align the ledger plates in a mower cutter bar, remove the knife assem-
bly. it it is necessary 1o lower the heei of the ledger plats, fallow the procedure Hlustrated
on the loft. f it is nacessary to raise the heel of the ledger plale, fallow the procedure
illustrated on the right.

Cutting depends upon a shear cut between the knife section and the ledger
plate. To obrain chis shear cut, it may be necessary 1o move the guards up or down,
The knife holders may have co be raised so chat che knife will not bind while the
alfigament of che guards is being checked. Before the guards are moved up or
down by hammering, tighten the guard bolts. The guards are then struck with a
hammer ar their thickese part in front of the ledger plate. A good procedure is to
pound all the high guards down first and then pound up all the low guards. Re-
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move the kaite and sight across the ledger plates to determine whether or not they
are in fine. When the fedger plates are in line, align the guard wings. The align-
ment of the guards on & cutter bar should be checked periodically.

The back of a mower kaite eubs against wearing plater. (See Fig, 29.31.) These
wearing plares must be adjusted, by moving them forward, or replaced as they and
the back of the kmfe are worn away. When worn, they allow excessive play in the
kaife and they altow the rear of the kaife to drop, which lifts the front of the
section from the ledgee plate. Poor cutting results. When wearing plates are moved
torward. align the front edges of the plates.

Knife bolders tsee Fig. 29.31) should be adjusted so that they hold che knife in
place, bur they should allow the knife to work freely. A knife should have about
Yiseinch cdearunce between the ledger plates and che knife holders. To tighten a
Keute holder, serike 1e on the ap. To draw it away from the knife, serike i, with 2
peen hammer, between the bole heads holding it to the cutter bar.

Knife buck guided in accks

of guaeds and rubs oa
hardened wearing plate at

BDEr NOFF POLEINE
PN LIPS OF
GUARDS < hoking will
tesule.

iy

Ter trsurre & shear |
cut. POINT OF
SECTHEN MUEST
SET ON GUARD
PLATE.

e ;—_-f‘——'@(

KNIFE HOLDER
MUST FIT DOWN SNUG
wa knite, but without

SET WEARING PEATES
AHEAD IF THERE IS T(K)
MUCEH "PEAY" IN NECKS OF
GUARDS FOR KNIFE BACK.

tCourtesy Joha Degre. Mokne. 1€}

Fig. 29.31. The correct and the incorrect way for mower knives to fit and operate in
the guards.

The ledger plates in the guards form one of che cutting edges. (Sce Fig. 29.29.)
They are rivered to the guards. When the serrated edges become worn, they
should be replaced. Remove the guard and place it in a mower block or anvil
available from machinerv companies. (See Fig. 22,35 Punch out the rivet holding
the ledger plare. Insert a new fedger plare and gap it forward into positon. lnsert
the rivet and place over the rivet post of the mower anvil (see Fig. 29.35) and river
the plare in place. Then tighten the plare with a few blows to a punch placed over
the head of the rivee.




RAGGED CUTTING IS USUALLY THE RESULT
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Knife Bar—One-haif of the cutting mechanism of a cutter bat is the knife
bar. (See Fig. 29.27. For a mower to work properly, however, the knife bar muse
be straight and the kaite sections must be sharp.

The knite sections may be sharpened. (See Fig. 29.34.) After they are so worn
that they can no longer be sharpened successtully, they should be replaced. To
replace knife sections, use a mower anvil (see Fig. 29.35) or put the bar in a vise
with points of the sections Jown. Strike the back of the sections over the rivets.
This witl shear the rivets without bending or breaking the back of the knife. (See

uwoagy Eunseepropef Bosel and angle tor
et Wbk

£ 2NN £

H

Seuiiats propeely wtoukd  Bven dtrer fo-
prared eeendung, proper bevel atid angle afe fe-
Fadfied

bisprepw ety prowmd scfmotisenarfow busel
ared weotig angle wha b changes the shgie of
whrear

Seatieore Fountd et cenfer, Jdestroving fhe
respster f Blade on e

iCourtesy Jone Deere, Mosne, i )

Fig. 29.34. The correct and incorect methods of grinding mower knives. Dolted tnes
show the outline of new sections. A imife that is dull or improperly ground reduces the
sifectiveness and the efficiency of a2 mower. |1 causes heavy draft, excessive wear, and
ragged culting. it may increase draft 30 per cent,
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Fig. 29.33.F Insert the new sections and rivet them securely. The rcivet heads
should be formed with a rivet set.

b & knite bar becomes bent, it may be straightened in a vise. Check to deter-
mine whether or aot the kaife bar is straight, both up and down and edgewise.

Counasy Jorn Oeere, Motine, 1§

Fig. 29.35. A mawer repair block. Hole A" Is used for riveting the wrist pin to the
fiywhes!. “8" indicales the hoies tor the guard plate riveting pest “C.” “'D"' is the anwil for
the mower quard. “E” is the anvil for @ combine or bindar guard. “F* Indicates the
removable hardened riveting posts. “'G™ is a graove tor the knife back. “H” indicates the
hale threugh which sheared rivets are driven. When seclions are sheared, the knife back
resis on edge 1. The grooves ") steady the knite. "K' is the rivet set used in compial-
ing the job of riveting.

{Caurtay Intesnahons Hervastes €6 )

Fig. 29.36. To check the jead of the cutier bar of a rear-mounted pilmanisss mowsr,
strelch a2 cord across the front edge of the mower to the outer end of the culier bar. Then
meagure distances from the cord to the back of the kaife at the inner end and at the outer
end. Yhe differance between the two is the lead of the cutier bar.

MOWER PITMAN REPAIR

Pitman Rod—Esxcessive end play ac the knife end or pitman box end of a
picman rod causes a cutter bar to cut poorly. Some mowers have a self-adjusting
pitman rod which automatically eliminates this end play. If the mower does not
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have a self-adjusting rod, shims or adjusting belts are provided for removing the
end play. If a pitman rod rmust be replaced, check for register and lead of the
cutter bar after the replacement.

Pitman Pin—Examine the pin for wear. To replace it, remove the flywheel
and crankshafe from the machine. Place the flywheel on an anvil and strike the pin
with a heavy hammer or sfedge to break the pin. The stub in the flywheel can then
be driven out and & aew pin riveted in place.

BPitmanless Drive—Some froat- and rear-mounted mowers use counterbal-
ance wheels in a gear box to drive the knife in the cutter bar. The counterbalance
wheels ta the gear box change rotary motion to reciprocating motion the same as

The cutter bar of pitmanless drive mowers may be operated above or below a
horzontal position. Pitmanless drive mowers operate with less vibration and at
much higher speeds than pitman mowers. See Fig. 29.36 for directions for deter-
mining the fead of a piemanless deive mower. Consule the operator’s manual for
BRSTIUCtions of maintaining the gear box containing counterbalance wheels.

FORAGE HARVESTERS

A forage harvester simplifies che harvesting of forage. leis used to cut or pick
up. chop, and blow hay or grass silage into a wagon. With a row-crop arttachment, it
is ased ter cut and chop corn and other row crops. ‘

The cutting head attachment on a forage harvester operates in a manner simi-
lar to the cutter bar and reel on a combine. The pickup attachment operates in the
same manaer as a combine’s pickup attachment for windrowed grain. The row-crop
attachment operates in a manner similar to a combine corn head.

The chopping mechanism of a forage harvester has revolving blades that work
against stationary blades or bars,

Maintaining and Adjusting=The revolving knives and the stationary bars
i & borage harvester aced to be kept sharp. Some forage harvesters have sharpen-
ing atcachments ehat may be purchased which permic the sharpening of the blades
without removing them from the machine. If a sharpening attachment is not avaii-
able, remove the revolving blades and sharpen them on a grinder. The stationary
bars may also be removed and reshaped on a grinder, or the blades may be turned
over and reversed so thar a new, sharp edge is presented for the revolving blades
tes work againse,

The clearance berween the revolving blades and the staticnary bars should be
checked frequently. Consule the operator’s manual for the machine for the correct
clearance between the revolving blades and the stationary bars and for the method
of adjusting for clearance.

Most of the drives for curting, pickup, feeding, and chopping on a forage
harvester are protected with slip clutches. These slip clutches should be checked
occasionally to determing whether or not they are working correctly. Check the
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operator’s manual for the location of these slip clutches. A slip clutch is adjusted
by loosening the springs on the clutch until it slips under a normal load. The
springs are then tightened just enough to prevent the slipping of the clucch.

In maincaining a forage harvester do the following:

L. Use the operator’s manual for inscructions regarding lubrication.

2. Check the machine for loose uuts and parts, and for worn and missing

. Check the oil level of the main gear box, and if low, fill with the correct
grade of vil. Use the operator’s manual for specific instructions.

. Check belts and chains for wear and for proper tension.

. Cheek air pressure in tires.

. Check whether safety shields are in place.

. Check the blower for bent and broken fan blades and for burnt-out bear-

ings.

DA

Handling Operation Difficulcies—If difficulties are encountered in cutting
or pickup mechanism, see the mower and combine sections in this chapter for
information regaeding these problems.

b difficulties are encountered in the chopping mechanism, do the following:

t. Check the koives and shear bars for sharpness, clearance, and lubrication
if the chopping mechanism pulls hard.

2. Check whether che fan blades are bent, broken, or out of balance if the
blower becomes noisy. Also check the bearings in the blower,

3. Check the speed of the blower and the number of paddies on the wheel if
the blower clogs.

BALERS

Baling hay makes it easier to handle, and the storage space needed is reduced.
Baled hay weighs 12 to 14 pounds per cubic foot, while locse hay weighs only 4 to
5 pounds per cubic foot.

Several different types of balers are used on farms. Some balers mzke a round
bale, while others make a recrangular bale. Some rectangular balers tie the bales
with wire, while other balers use twine.

Different kinds and makes of balers vary in the way they are adjusted and
maineained. The operator's manual for a baler should be consulted for information
regarding adjustments. The following paragraphs will indicate the adjustment and
maintenance procedures that are common for many balers.

Adjusting the Pickup and Feeder Mechanism~-Belts and chains are used
to power the pickup and feeder mechanism of a baler. In adjusting and maintaining
the pickup and feeder mechanism of a baler, do the following:

[. Check all belts to determine whether or not they have the correct ten-
sion. A belr should noc stip, bur care muse be raken to avoid getting it too
tight. A belt thae is too tight may damage the bearings on the shafts. 1f
oo loose, it will slip and “burn” or wear out oo rapidly. A V-bels should
have %4 inch to | inch of slack on the slack side of the belt.

A belr may be rightened by adjusting the belr tighteaer provided on
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the machine. See the operator’s manual for detailed instructions on tight-
ening the belts on your baler.

. Imspect belts to determine whether or not the sheaves, or grooved

pulleys, are in alignment. If the sheaves for a belt are not aligned, the belt
will roll or twise. If any belts are twisted, check the alignment of the
sheaves. If the alignment of the sheaves is correct, the ewisting is proba-
bly the resule of insufficient belt tension.

. Remove grease from belts by wiping the belts with a cloth dampened

with a safe solveat.

. Clean all belts at the end of the season by washing them with soap and

water. When removing belts, loosen the beit tightener. Do not pry the
belts off the sheaves.

- Inspect chains for tension. If the chains, sprockets, and bearings are

showing excessive wear, the chains are probably too tight and should be
fovsened by the method provided by the manufacturer. See your

(Courtesy Deore & Company, Technical Services. Maline, 1)
Fig. 29.57. Examples of beit-sheave nonafignment. Sheaves should be in slignment.

(Courtesy Dsera & Comparsy, Techmicat Services. Maline, L)

Fig. 20.38. The pickup mechanism on a baler needs 1o be adjusied progerly. On the

left, the pickup height is correct. On the right, the pickup height is Incormect.

467
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opecator's manual. If a chain is riding in the sprocket teeth or jumping oft
the sprocket, the chain may be too tight.

6. Check the atigament of the sprockets.

T, Clean chains ar the end of the season by removing and washing them in a
safe solvent.

8, Check the pickup and feeder mechanism tor broken parts.

9. Enspect grease fittings to determine whether or not they are working,

Adijusting and Maintaining the Baling Unit—Most balers that produce a
rectangular bale compress the hay with a plunger, a block which travels back and
forth in the bale chamber and compresses the hay. Knives are used to slice the bale
into scetions. Different makes of balers use various mechanisms to assist in the
packing operation. Consule the operator's manual for iastructions on the adjust-
ment of the packing mechanism on your machine. If your baler is not forming
good bales, the packing mechanism may need adjusement.

tn adjusting and maintaining the baling unit of a baler, do rhe following:

f. Cheeli the shape and the weighe of the bales being produced.

Check the speed of the plunger. Consult the operator’'s manual to deter-

mine the correct speed of the plusger.

if the plunger exceeds the serokes recommended by che manufac-
tuger, s weat will be excessive, If the plunger is not operating fast
envugh, the capaciey of che bater will be decreased.

The fiese step in adjusting the speed of the plunger is the inspection

of the Jdrive belts to Jdetermine whether or not there is slippage. 1f the
drive beles are shipping, vghten them. If che drive beles are operatiog
oroperly, adjust the governor to change the speed of the engine.
Enspece the slide blocks on which the pluager travels o determine
whether or noe the clearance is correct. Consult the operator’s manual tor
the clearance recommended. Wear will increase the clearance, making
the reduction of clearance necessary. The clearance may be reduced by
adjuseinig rhe slide blocks. When these become badly worn, they should
be replaced. After adjusting the slide blocks, check the path of the aee-
die on automacic balers with needies.

4. Adjuse and sharpen the slicing knives so that a clean cuc is obtained. The
proper adjustment of ehe slicing koives requires the correce adjusiment
of the clearance beeween the plunger and the sliding blocks. This is erue
because the stationary blade 15 mounted on the bale chamber and the
uther kaife is mounted on the plunger.

Operstor's manuals give detailed directions for adjusting the clear-
ance of the slicing knives. Consult your operator's manual. If the knives
are dull, they may be removed for grinding, or they may be sharpened on
the machine with a file or with a built-in grinder.

5, Break bales apart and check the uniformity of density. Also check the
weight of cthe bales. Hf the density of the bales is not uniform, or if the
weight of the bales is less chan it should be, the difficuley may be caused
by the improper operation of the reicing plates in the bale chamber.
These plates are supposed to (Fr hold the hay as it moves through the
bafe chamber and (2} prevent it from falling forward. On some balers, the
retaining plates also help determine the density of the bales.

6. Examine the bales 1o determine whether or not the desired density is
being obtained. If not, adjust the tension springs provided on che bale
chamber. Some balers use other devices to control the density of the
bales. Consult vour operator's manual for instructions regarding the ad-
jusement of these devices.

B

e
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In adjusting and maintaining the bale-forming mechanism of a baler producing
. round bales, do the following:

L.

Check the tension of the bale-forming bands. The teasion of these baads
is controtled by springs that are adjuscable. See the operator’s manual for
correct adjustment of these springs.

. Examine bales to determine their density. The density of round bales is

often coatrolled by a brake mechanism on a teasion roller. See the
operator's manual for instructions on adjusting the brake mechanism.

. Check the diameter of the bales being produced. The diameter is

changed by adjusting the trip mechanism. See your operator's manual for
information on adjusting the diameter of the bales.

laspect the mesh of che gears. Improper meshing may cause several dif-
ficulties. The operator's manual provides instructions for adjusting the
meshing of gears.

FORMING A BALE COMPLETING A BALE
UPPER UPPER BELT
BALE.- A ARM
foRMns 7Y {EACH $10B)

1
BEL&E‘ B

COWEN PLATFORM COMPRESSION.  BECT TENSION SPRING N
BOLLER {EACH SIDE)

BELT

{Courtesy Oeere & Company, Technical Services, Mabne, (1)
Fig. 28.39. Starting, forming, and completing 2 round bale.

Adjusting the Tying Mechanism—Some balers use twine to tie the bales,
while others use wire. The adjustment and maintenance of wire-tying and twine-
tying balers will be presented separacely.

In adjusting and maintaining the wire-tying mechanism of a baler, do the fol-

lowing:

I,

M b W

=8N

Check the timing of the twister pinions. Consult your operator's manual
for information on the timing of the cwister pinions.

.« Check the timing of the ejector shaft.
. Inspecr the wire-tying mechanism for wear. The wire-tying mechanism

<annot be adjusted properly if the parts are wora out.

- Inspect the alignmene of the twister pinions, twister guards, and gripper

yoke.

. Determine whether or not wire-guide rollers are rotating freely. If nor,

they may need ro be replaced because of excessive wear. If they are not
worn out, use a safe solvent to free them.

. Check needie clearance, b g
. Inspect the wire-shear plungers to determine whether or not they are

functioning properly. If not, the difficulty may often be corrected by
flushing them with a safe solvent. If this does not eliminate the difficulty,
it may be necessary o replace the springs, the shear plungers, or both,
Examine the plate behind the twister pinions for grooves cut by the wire.
These grooves may be removed with a file.
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Detailed tastructions for the adjusement and maintenance of the tying mecha-
nism of a baler should be obtained from the operator’s manual for the baler being
adjusted.

In adjusting and maintaining the twine-tying mechanism of a baler, do the
foltowing:

[. Examine the tying mechanism for wear and for broken and beat parts.

Check gears for wear.

2. Determine whether or not the pin in the twine-disk pinion has been

sheared or worn.

3. Check the bill hook. H not smooth, use a file for smoothing. If the cwine

hangs to the bill hook, loosen the tension.

4. Examine the shear bolts on the knoteer.

5. Check needle clearance.

6. Inspece the twine-tension spring. if the spring is wo tight, insufficiens
twine will be provided for a knot. I it is toe loose, the ewine may slip out
of the disk )

. Examine the disk aad twine holder for sharp or sough edges. I sharp or
eough edges are found, they may be removed with an emery cloth.

8. laspect sharpaess of the twine knife.

4. Check clearance between the knife arm and che bill hook.

Use the operator's manual to locate the parts mentioned in the preceding
steps. Also, use the operator's manual for detailed instructions for making the
adpustments aeeded.

COMBINES

A combine is a machine which cuts a crop, removes the seed from the head or
pod, separates the seed from the stalk, and cleans the seed. The improper adjust-
ment or fack of repair of a combine may cost a farmer great losses of seed. The loss
of 18 to 20 wheat seeds, 10 to 12 oat kernels, or 4 to 5 soybeans per square foot
represeats a loss of | bushel an acre. Loss of seed can result from failure of the
cutting mechanism o cut all the grain, failure of the threshing mechanism to re-
move the seed from the head or pod, and failure of the separating mechanism o
separate cthe seed. Seed may also be lose by cracking in the threshing process or by
blowing away in the cleaning process.

Adjusting the Cutting and Feeding Mechanism—Losses of grair may be
caused by the cutter bar's being set too high., A cutter bar should cut no more of
the stem chan necessary, but it should be low enough to obtain all the seed kernels.

Losses may be the result of the shattering of the seed kernels from the pod or
head. Shattering is often caused by a rapidly moving reel. The speed of a reel may
be reduced by changing the size of the sprockets operating che reel.

A cutter bar may also shateer grain. If it docs, it needs to be repaired. There
are probably broken sections or guards.

Cutrer bar losses may resule from the grain's not being placed on the platform
so thar ie can be conveyed to the threshing mechanism. This difficulty may often be
eliminated by moving the reel back from the cutter bar and closer to it. Leather
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(Courtesy Jahn Deme, Mohne. 1.}

o4 thegugh {he maching.

The rest “A” divides the grain, holds it to the culter bar “B," and assists la tipping
it anto the pistiorm “C,” which, together with feader “'D," delivers the grain evenly to
threshing cyfinder “E.”

As the grain travels between cylinder “E" and concave and grate “F* and on back
against beater “G.” the graln is removed from the hend, snd the greater part of the
separatien of the grain takes place. The grain falls through perforated grate “F" to shoe
pan “K'* and s moved back to shoe chaffer “L.”

Geater “G"" defiects grain down through the front end of the siraw rack and also
taps straw to get kernals out, (hen passes the straw onto the straw rack “1." Retarders
“H gasist the beater in retarding the straw on the siraw rack and prevent the grain from
baing thee:a out by Ihe cylinder. Grain mixad [n the straw Is shaken oul as the straw
travels autward and the grain falls through onto grain sleve or conveyor “8” and Is
detivered back fo shoe pan “K'* and thus onto shae chaffer “L" for further separation.

Fan "N dalivers 2 blast of air, direcled by defiector *'0," against ghos chatfer L
and shoe sieve "M.” This blast of sir, reguiated tn quantiiy by gates In the ends of the
fan housing, blows chaff out of the graln, and with the ald of the chalfer sleve agltation,
moves the unihrashed heads to tallings auger “P." This auger conveys the tailings to
taltings sievator "'(Q,” which convays them to suger A" where they are delivered 1o the
threshing: cylinder for rethrashing.

Ciean grain, after dropping. through shos chalfer "“L” and shoe sieve "M," is car-
% mm grain auger ‘8" to elevalor 7" and delivered through the spoul into the

Fig. 28.40. A cross section view of a conventional combine, showing how grain pass-
(]

pieces may be attached to the reel to brush the cuteer bar. The speed of the curter
bar may also have to be increased.

Adjusting the Threshing Mechanism—The cvlinder of a convenrional
combine removes the sced kernels. (See Fig. 29.41.) A cylinder can cause losses by
failing to remove the grain or by cracking cthe grain. Cylinder losses may be meas-
ured by catching the material chat leaves the back of the machine. If the loss in
unthreshed heads is abour 1 per cent of the yield, adjustments are needed. The
operator's manual should be consulted o determine che recommended R.P.M. for
the machine. A tachometer is used to measure the R.P.M. The operator's manual
will indicate the points where the R.P.M. of the machine should be measured.

The distance between the cylinder and che concaves (see Fig. 29.43) may have
to be decreased. If the clearance is decreased too much, the straw will be broken
excessively and the rack and chaffer loss will be increased. See the operator’s man-
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Wosttesy Tractor and impiement Dhaigion. Ford Moter Company)

Fig. 28.41, How a conventional combine works.

ual for a combine for instructions on increasing the speed of the cylinder or de-
creasing the discance between the cylinder and the concaves.

Adjusting the Separating Mechanism—Grain is s¢parated from the straw ar
the concaves and the seraw rack. Fhe rack loss may be measured by catching che
seraw as it leaves che seraw rack and measuring the kernels of grain found in the
straw. The rack foss should not be over 0.4 per cent. If the loss is excessive, it may
be caused by the rack speed’s being too high or too low. The power rake-off speed
“should be checkéd to derermine whether or not it is operating at the speed rec-
ommended in the operator's manual. Overloading may cause rack losses, The rais-
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ing of the cutter bar and the reducing of the speed of travel will decrease overload-
ing. Overloading may also be caused by not enough clearance between the eylinder
and the concaves. Insutficiear clearance causes the straw to be broken excessively.
This may also be caused by the speed of the eylinder being too great. The racks
should be checked to determine whether or not they are open. Plugged racks can
cause excessive pack loss.,

Adjusting the Cleaning Mechanism—~Grain is cleaned by a chatfer and shoe
steves. A tan seads air chrough the sieves and the chaiizr, blowing che chaff and
dirt our of the rear of the combine. The grain falls through che chaffer and sieves
to the gram auger. (See Fig. 29.42.) Loss of grain from the cleaning mechanism
may be measured by counting the threshed or free keenels of grain in the material
thar leaves the back of the machine. If che loss is gruater than 0.4 per cent, the
aeed tor wliustments s indicated. The chaffer and shoe sieves should be checked
tor overloading, I overloading fs evident, it may be decreased by reducing the rate
of travel, inceeasing cylinder-concave clearance, decreasing cylinder speed, and
rassing the cutter bar. Another cause may be the incorrect speed of the chaffer.
The speed of the power take-off which controls the speed of the chaffer should be
cheeked.

STHAW and CHAFF
fall [eom rear of

7 GoRams AVGER deivers
geain o GRALN ELEVATOR

(Courtesy J. i Case Lo}

Fig. 29.42. A schemntic drawing of the cleaning system of a combine.

Euss of grain may be caused by the direction of the wind blast or the power of
the wind supplied. The speed of the fan should be adjusted 1o obtain the correct
amount of wind, Loss of grain may sometimes be decreased by enlarging the chaf-
fer openings or by cleaning che openings.

Cracked grain s caused by too small a clearance between the cylinder and the

- concaves, by an excessive cylinder speed and by too much return of tailings to the
cvhinder. The adjustments to make Mor cracked grain are the increasing of the
clearance berween the cvlinder and concaves, the reducing of cylinder speed, and
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the opening of the lower sieves. See the operatot’s manual for inseructions for
making these adjustments, because they will vary with different types of combines.

Repairing the Cutting and Feeding Mechanism—The procedures for re-
pairing the cutter bar on a combine are similar to the procedures for repairing a
mower cutter bar. The instructions in chis section should cherefore be consulted.

In repairing the teeding mechanism, check for the following:

I. Woen chains. [ is beeter to replace a worn chain before the season chan it
i te have a breakdowa while combining.

2. Worn sprocket. Sprockets with teeth thar are pointed or “hooked™ should
be replaced.

% Torn carvas and broken or loose slats.

4. Loose bearings.

3. Bem or broken auger. Sometimes 2 bent auger can be straightened.

Repairing the Threshing Mechanism—Check the following for needed re-
pairs and make the repairs indicated:

I. Check for wear on a cylinder having cub-bars. If che grooves are not
apparent, tepluce the eub-bars. All rub-bars must be replaced at once or
the cylinder wilt be out of bakance. The cylinder will also be ourt of ad-
fustenent if afl bars are not replaced at once. Tighten rub-bars frequently
andd seeaighten beat bars by steiking them wich a hammer.

2. €heck for broken, bene, and worn teeth on a spike-tooth ¢ylinder. Re-
place teeth worn thin or pointed and teeth that are broken. Straighten
bene teeth. A bar is usually provided for this purpose.

Cylinder
Bar

Concave
Bars

{Courtesy Alis-Cratmers Mig. Go.)

Fig. 28.43. The threshing assembly of a conventional combine, showing the concave
and cylinder bars.
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(Courtgsy Agriculture Educabon Divigion ane Vocakonat Agnculture Servce. University of ilingis
Fig. 28.44. A cutaway view of 2 twin axial tiow, relor-type combine.

3. Determine whecher chains, sprockets, or beles driving the cylinder are
worn or broken. Replace if they are.

4. Determine whether or not concave tecth are straight. [f they are benr,
they can usually be straightened. If they are wora thin or to a poine,
replace them. I foose, tighten, Examine the concave bars for breaks.

5. Check space between cylinder teeth and concave teeth. The operator's
manual should be consulted for the correct spacing. An adjustment
mechanism of some type is usaally provided for adjusting the space be-
tween. the concaves.

6. Examine bearings for wear. Check for end play in the cylinder shaft. 1f
present, follow manufacturer's instructions for removing the play.

7. Remove the roller chain and clean it with a safe solvent. A roller chain
has a removable link which makes the removal of ehe chain an easy sk,

8, Check open link chains te be sure they are traveling in the correct direc-
1080,

When the cylinder teeth are replaced, the balance of the cylinder may be
disturbed because the new teeth are heavier than the worn teeth. A scattering of
new teeth will not usually throw a cylinder out of balance.

Repairing the Separating Mechanism—Examine the separating mechanism
for the foﬂméfing:

. Broken and worn racks. Remove racks to repair them,

. Worn check flaps.

. Loose rivers und nuts. A periodic chwtk is needed because rivers and nuts
on a rack work loose due to the movement and vibrartion of chis part of
the machine.

I G

Repairing the Cleaning Mechanism—The cleaning mechanism should be
examined for the following evidences of need for repairs:
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t. Holes itn the grain pan. If the grain pan has holes in it, it should be

replaced to prevent the loss of grain chrough the holes,

Loose and woen bearings. Bearings are adjustable,

Bene fingers on the chaffer. Bent fingeres can usually be pried back into

place.

. Broken slats. Broken slats should be replaced.

. Deats in sieves. [F a sieve is dented. remove it and hammer our the dents.

&. Bent air fan valves. If the air valves are beat, remove and straighten
them,

Repairing Elevators, Sheet Metal Parts, Clutch, and Gears—Examine the
other parts of the machine for the following:

t. Holes or cracks in the sheet metal. Cracks and holes can often be re-
patred by patching, riveting, or welding. Examine the clevator and augers
tor holes and cracks.

Loose nuts, rivers, bearings, and screws,

. Worn gears, chains, and cluech,

S i

“iCoustesy Tractor and Implement Bivision, Ford Mator Company}

Flp. 29.45. Checking the R.P.M, of ihe cylinder of 2 combine.

CORN HEADS FOR COMBINES

The improper adjustment, repair, and operation of a corn head can result in a
considerable ioss of corn. A combine, with a corn head, in geod repair and adjust-
ment should leave less than 5 per cenr of the vield of corn in the field. For exam-
ple, if the yield of corn is 100 bushels an acre, the loss of corn should not be more
than 5 bushels per acre. However, the average loss is 10-per cent, or 10 bushels of

corn per acre if the yield is 100 bushels per acre.
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(Coyrtisy Vocatonal Agneultute Serage. Umversity of INAOIS:

Fig. 20.46. A combine with a corn head.

The amount of cora being left in the field can be estimated by measuring the
cars and shelled corn lefr on the ground. An estimate of the car corn left in a field
may be made by collecring and weighing the corm on Yy acre, a row of corn 145
feet long, for example, if the rows are 36 inches apast. The loss in shelled corn may
be estimated by counting the kernels of corn in a measuting frame of 10 square
#zer. The accuracy of an estimate may be increased by taking several samples and
averaging the resules. Twenty kernels per 10 square feet equals one bushel per
acre.

Another difficulty encountered because of the improper operation, adjust-
ment, and repair of corn heads is the clogging of snapping rolls and husking rolls.

Gathering and Saapping—If there is an excessive loss of com, check the
gathering chains, They should be tightened so that they will have | or 2 inches of
shack. Jepending on their length, The fingers on the gathering chains should be
adjusted so chae the fingers on one chain are midway between the fingers on che
opposite chain when the machine is in operation. The speed of the gathering
chains may be increased to assist in picking up down corn. Consult the operator’s
manual for instructions on changing the speed of the garhering chains. The space

g

{Cayrtesy Tracfar and implernent Division. Ford Motor Company)

Fig. 29.47. An exploded view of a snapping rell for a corn head.
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between suapping wils is adjustable, and the correct distance between the rolls
varies with the condition of the crop such as dryness, size of stalk, and toughness
of stalk. If the sealks are dey, frozen, or large, the spacing will have to be wider
than when the stalks are tough or small. The correct setting is a erial-and-error field
adjustment. The adjustment mechanism for snapping rolls on some machines is
located at the lower end of the rollers. Usually the rollers should be spaced ¥4
Ly inch apare. I the saapping rolls become clogged easily, there may be several
causes. Clogging may be caused by the crushing of stalks, and the pulling of stalks
from the ground. e may also be caused by worn snapping rolis, the high speed of
the rolls, or the dryness of the corn.

If the stalks are being crushed, widen the distance berween the snapping rolls.
If the stalks are being pulled from the ground, increase the speed of the snapping
rolls. If the snapping rolls are worn smooth, weld beads on the rolls or replace the
volls. B the corn is very dry, add lugs to the rolls. If none of these adjustments is
needed, the speed of the rolls may be too great and may need to be reduced.

Excessive shelled coen may be left on the ground because of the improper
adjusement of the snapping rolls. Excessive speed of snapping rolls or an excessive
number of lugs on the rolls may cause shelled corn to be lefe on the ground.
tmproper adjustment of che rolls may also cause a clogging of che husking rolls.
The speed of snapping rolls may be changed on some machines without changing
the speed of the other parts of the machine. Consult the operator's manual for
instructions on how to change the speed of the rolls.

CHECK THRESHING. AFTER COMBINING,
STRAW WALKER, AND BACK COMBINE CHECK CORN HEAD

SHOE LOSSES MERE LENGTH OF MACHINE KERNEL LOSS HERE

EEnB Sl nt e Ahbdadrdadinbtntbtibhaay
- APRdskPRPpsainarntbddddaanpsnta

CHECK o Ar o ¢ p=e = : ,tar:"-'“_? g eee
Wgw’yﬂ{t £ ! =1 ¥ ¢ I‘: . e E‘; . :;=f§ T = uq‘i:E: L ] e
SEPARATOR =0 ] =i: : [l a7 i@ o p T AR
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EXAMPLE: EXAMPLE: 10 KERNELS
23 KERMELS ON COBS, PER 10 50. FT.
68 LOOSE KERNELS

{Courtesy Ceere & Company, Technical Senices, Mokine, H.)
Fig. 29.48. Kernel losses of 3 combine with a curn head should be checked.

Ear Corn Loss—Ear corn loss is caused by careless driving and by not cilting
the corn head forward enough. Keep the snouts of a corn head to the ground to
get under the sealks that are down.

Repairing a Corn Head—When gathering chains become worn so that they

are loose and when the take-up in the adjustable sprocket has been used, the
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chains should be replaced. They may be shortened by removing links only when it
is possible to remove the same number of links from the chains operating opposite
each orther; otherwise the chains will be thrown out of time. Smooth-saapping rolls
may be roughened by welding beads on them.

Chains and sprockets on the corn head should be examined for wear. A chain
should operate with the open side of cthe hook to the outside and wich the hook
ends of the links toward the direction the chain is moving.

Sprockets that are not in line should be aligned.

Examine beariags, and tighten or replace foose bearings. Repair sheet metal
parts by riveting, patching, or welding.

Method of oiling
STEEL chain.
Open side of link up. /)

Method of oiling o
ROLLER chain. _g#

{Courtesy international Harvester Co.)

Fig. 29.49. Recommandsed methods of lubricating open-fink and roller chains.

SPRAYERS

A sprayer consists of;

A pump

A tank

A pressute regulator
Floses amd imazles

i hdd o) me
[

Two types of sprayers are found on farms and in nonfarm agricultural busi-
nesses: high-pressure sprayers and low-pressure sprayers. The high-pressure
sprayers are used for specialized jobs and are often found on large commercial
farms.

The low-pressure sprayers have 2 more pniversal use and may be obtained at a

reasonable cost. Low-pressure sprayers are used for (1) insect control, (2) chemical
 weed and brush conerol, (3) discase control, and (4) home orchard and vegetable
spraying.
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; CUTQ“UALVE -

(Courtesy Nationat Sprayer and Duster Assetiation)
Fig. 20.50. A schematic drgwing of s typical power sprayer.

Selecting a Pump—The pump is the most important part of a sprayer. There
are four main types of pumps in use. They are gear, centrifugal, piston, and
plunger. A gear pump is preferred by many sprayer operators because it needs no
priming and develops higher pressures at lower speeds. When a gear pump is used,
a pressure regulator and by-pass hose are necessary to preveat pressure damage
when nozzles are cut off while the pump is operating.

Selecting a Tank=The type of tank needed depends on the type of spray
materials that will be used. If corrosive chemicals are to be used, a noncorrosive
tank is required. A special copper-bearing steel tank ic urten used for corrosive
chemicals, A stainless steel tank is required for applying liquid fertilizers.

© Dalheat b
i ad ey
i

T U -

Courtesy Nationai Sprayer and Duster AssoC:ation)
Fig. 290.51. Types of pumps used on power sprayers.
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A wnk should be equipped with screens to keep out of the nozzles materials
that might clog them. A screen is needed at the opening where che tank is filled.
. Another screen is needed at the opening that leads from the tank to the pump.
- Additional screens are also needed in the nozzles and elsewhere in the system.

A wunk should be equipped so that the material in the cank is agitated while
the sprayer is in aperation. This is essential when suspension-type sprays are being
_used. A mechanical agitator is needed for some sprays. ‘Most spray materials are
agitated sufficiently whea a gear pump and a by-pass hose are used. The by-pass
hose rewrns the unused spray material to the tank and thus provides sufficient
agitation.

Selecting Hoses and Fictings—Neoprene hose is needed for sprays coatain-
ing oif. Rubber hose may be used if che spray marerial does not contain oil. Oil
deteriorates rubber rapidly. The hose needs to be of adequate size. For row
sprayers the hose should be ¥ inch.

Beass fittings are best because they are corrosion-resistant and gaskets are not
RECesIaLy.

Selecting & Pressure Regulator—A pressure regulator is needed because
Jifferent spray jobs require varying pressures. A pressure regulator consists of a
pressure gauge, pressure control valves, and cutoff valves.

Selecting a Boom and Noezles—A boom is needed that is strong enough to
withstand its being regulated as to height. It should be hinged to facilitate trans-
porting, if it is made for spraving more cthan two rows. It should also be equipped
with safety hinges to prevent damage if the end of the boom hits an object.

The tips of most nozzles are replaceable so that different orifices may be ob-
tained by changing the tips of the nozzles. Nozzles are available that produce a
cone spray pattern or a fan-shaped pattern.

The cone-type nozzle is usually preferred for controlling insects, and the fan-
type nozzle is usually preferred for weed control.

Adjusting the Nozzles and Boom~—The boom may be adjusted in height to
control "wiad drift” of the spray material. The closer the boom is to the ground,
the less opportunity for "wind drift.” The nozzle spacing on a boom should permit
the locating of = aozzle over the center of each row. Also, openings should be
provided so that nozzle drops may be attached for spraying the sides of row plants.
The amount of spray applied is adjusted by the size of nozzle used and by the
pressure used.

Calibrating a Sprayer—It is important to know the amount of spray macerial
being applied. The application of too much chemical for weed contrsl not only
may waste spray material but may damage the crop,

In calibrating a sprayer, follow these steps:

1. Measure the usable wideh of the sprav boom.

2. Divide the number of square feet in an acre (43,560 by the usable
width of the boom. The figure obtained will be the number of feet the
Sprayer must Travei to Spray an acre.,
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3

. Check the operation of the sprayer to determine whether or not all
nozzles are operating properly.
. Fill che tank with water.
Mark the warer fevel in the tank.
. Set the tractor’s throttle for the speed recommended by the nozzle
raanufacturer.
. Set the sprayer for the recommended pressure.
Operate the sprayer the distance required to spray a half acre (half the
diseance found in step 2).
Measure the amount of water necessary to fill the tank to the level jt
was when che test starved.
b, Figure the amount of spray being used per acre. For example, if 1 gallon
was used ro spray to acre, the spray rate is 2 gallons an acre.
i1, Adjust the rate of spray by increasing or decreasing the speed of the
tractor, by changing the size of the nozzle dps, or by changing the pres-
sure.
£2. Continue the tests and adjustments until the correct rate of application
is obtained.

VN

© o

Maintaining a Sprayer—Nozzles must be kepe clean. A small piece of wood
may be used to unclog a nozzle. It is not advisable to use a wire for this job,
because the wire may enfarge the opening, which would increase the rate of appli-
cation.

Before calibratjng a sprayer, check the nozzles to determine whether or not all
of them are discharging the same amount of spray material. Measure the discharge
from all the nozzles for a period of two or three miautes. The discharge of all the
nozzies should be approximately equal. If a difference is found, some of the noz-
zles tips may have to be replaced. Nozzle tips wear with use, and it is usually
necessary to replace the tips every two or three spraying seasons.

When a sprayiag job is finished, clean the sprayer. This is important because
the chemicals used in spraying often are corrosive. The residues may also be in-
jurious to the next crop sprayed, and it is easier to remove residues immediately
after a spraying job than it is after the residues have dried. A sprayer should be
taken apart for a thorough cleaning. The nozzles and brass fittings should be stored
in oil to prevent corrosion when they are not in use.
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Agricultural Buildings
and Conveniences




AGRICULTURAL BUILDINGS

Student Abliities to Be Developed

. Ability 1o make suitable working drawings or sketches before starting to con-

struct or repair a building.
Abiliey to select suitable materials.

. Ability to evaluate different parts of construction and choose the one that will

best meet individual needs.

. Ability to recognize desirable construction practices and to select the ones

which will best meet a particular situation.

. Ability to lay out a foundation.

Ability vo do the ordinary construction jobs in agriculeure.
Ability to do the ordinary agriculeural building repair jobs.




CHAPTER 30

Constructing and Repairing
Agricultural Buildings

P2
13

TYPICAL PROBLEMS AND CONCERNS
OF STUDENTS

. Whae planaing should be done before construction or repair work is be-

gun?

. What are some building materials often used in agricultural buildings on

farms and in nonfarm agricultural businesses?

. What are some of the desirable types of floors 1o use in agriculeural build-

ings?

. What are some desirable practices in the construction of buildings?
. How may rafters be cuc?
. What principles of coasteuction should be followed in the erection of

pole frame buildings? Clear-span buildings?

. What procedure should be followed in the laying out of a foundarion for a

building?

. When should plywood be used?
9.
1.
L.

How may broken or rotted timbers in a building be replaced?

How may buildings be made rat-proof?

What principles should be observed in the roofing of agriculeural build-
ings’ '

How should foundations be repaired?

Why should paint and preservatives be used?

PLANNING

Preliminary Planning Essential—Becfore the construction of a building is
begun, considerable planning should be done. The following steps in planning are
suggested:

L. Decide the use ro be made of the building.
2. Decide where o locate the building.

485
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3. Decide the sive of building aeeded.

4 Decide on the type of building seeded. Keep in mind the appearance of
the baibding in relatioaship to the other bulldings on the farm or on the
skte of the nontfarm agricultueal business.

5. BPectde on the kind of saterials o use.

6. Review plans and skeeches of similar structures. Observe buildings simi-
fag to the kind needed. Look for good and poor construction praceices in
these boidiags, such as conveniences provided.

. Visit fumber yards, bardware stores, and other places handling building
materials o Hacover the kinds of mateeials and equipment available.
Aber Jetetrmine their cost wnd possible use in vour building

8. Consult peesons experienced in butlding and in using agriculeural build-
s,

9. Derermine whether it would be advisable to consteuct the building or
purchase a building from a commercial building concern.

b b the decision is made to construct the building instead of purchasing
one from @ commercial manufacturer, make the necessary skeeches,
deawn to sale, on graph paper. I a large building such as a house or
barn 15 to be buile, take the sketches o an architect and have the ar-
chiteet muke the necessary blueprints.

b Figure bills of matceials and the total cost of the butlding. The supplier
of the materiafs will usaally assist in figuring the cost of the building. 1f a
contrictor 1 used, bids from several contractors should be secured,

Building Materials—Various kinds of building materials may be used such as
fumber, poles. concrete, brick, and ¢oncrete blocks. The kind of material to use
will depead on such factors as cost, availability, suitabilicy, materials used in adja-
cent buildings, and the ability of the builder. For inexperienced builders a frame
building is the casiest type to construct. Regardless of the kind of materials used,
ealy good-quality materials should be selected. It is false economy to use poor
materials, It requires just as much or more time to construce a building with poor
materials as it does to construce a building with materials of good quality.

Desirable Practices in Construction—Before building, familiarize yourself
with good and poor practices in the construction of buildings, and be able to rec-
ogaize such practices when you see chem. Several of chese are illustrated in this
chapter. They should be studied carefully,

POOR PRACTICE Co0D PRACTICE

JONT Wil JPINED

BOLT ANCHORS BUILDING

~. TO FOUNDATION,

Ly REDUCING WALARD FRGM

HICGH WINDK IE DIACONAL

JHEATHING THEF STUDS
T2 Jneds.

FHivt s 3w [GOSE,
FE LRI, 3

b
.

; “SILL WOT ANCRORED ‘i

FESATG 19 TOTT NG, / ;

To FOLNDETION,

SPALE UnBIR Silt Jitt SET I MEATAZ  [ed
ALLOwE ENTRRKCE OF AR, FEEVENTS INFILTRATIIN 05 ArR
£5) ENTRANCE OF CEARIN .

fCourtesy US.0A)
Fig. 30.1. Foundation sills, showing good and poor practices.
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CONSTRUCTING

Laying Out a Foundation—The easiest and best way of laying out the foun-
darion of & building is with a surveviag level. I a surveying level is not available,
the right wiange or 6, 8, 10 trangle method may be used. For large buildings it is
best, however, to employ someone with surveying instruments, who §s an expert in
baving out buildings, to do che job,

fn using the 6. 8, 10 wiangle method mark out one side or one end of the
buiding’s foundation as a base line. in Fig. 30.4 these stakes are labeled A and B.
Stakes A and B locate the two corners of the foundation of the building. The
distance berween stakes A and B is the length of the side or the length of the end
of the building. The nexe step is to measure 6 teet from stake A on the line from
stake A to stake B. Drive a stake at chis point. Drive a nail in the ceater of the top
of this stake. This stake will be labeled stake G. Drive a nail in the center of the

POOR PRACTICE Co02 PRACTIFE

oo FIMEER EMBEDDRD 1N CONCAENE
R IR ASONRY FQUNDRTION
e WALLS TENGS TR
S ABIORE. MOISTURE
SO FAVORE DECAT

MEADER ON EACH JIOE
oF GIROER

QPENINGS BETWEEN NEADERE

AVD GIROIRS PROVIDE
VENTICATION.

RIQE/NG FELT SET IN

AIPHALT QR TAR
AT PUNT QF CONTACT
OF GIRDER PREVENTS

AFIORRTION 0K MIOISTURE.

(Courtasy U.5 DA}
Fig. 30.2. Good and paor prectices in embedding girders in concrete or masonry.

KON FRAGTICE G000 PRACTICE

NONLIADLARRYING POST:

DALTE WITN LOW
DECAY HAZARD
POITS WItN HIGRH AT 93
JECAY NALARD
AT EngE

MOLTURE COLLECTS
UNDER FOST A
FLusn with_{
EANCRETE SLIOR.

£5CH- WOSTORF By §
asewact pamr on S

coaning " ,;“%

WATER EOLLECTS GNDIR Py
#OST EMBEDIED IN CONCAETE.

FLOOR  OINER WATERORGOS
POIT INCONTACT WITN SO1.B o ‘
ABI0A83 MOISTURL. ‘ FOOIING UNDER LOAD-BIARNG JOIT
XY FOOVING UNOER LOAD-SEARING POST PREVENTS SETTLING.

FESULTS IN JEFILING.
{Courtesy US.D.A}
Fig. 30.3. Good and poor practices in using posis.
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top of stake A. Make certain thar the distance from the nail in stake A to the nail
in stake G is exactly 6 feer. :

The next step is to measure 8 feet from stake A toward corner €. (See Fq, '
30.4.) Move this poiat back and forth undl it is exacdy 10 feet from stake G.
When it is, drive a stake ar this point. Put a nail ia the center of the top of the
stake, which may be labeled stake H. Remeasure to make certain that the distance
from stake A to stake G is 6 feer, the distance from stake A to stake H is 8 feec,
and the distance from stake G to stake H is exacely 10 feet. You have a righe
wiangle. Line A to H may be extended the length or the width of the building.
Drive a stake at chis poiat. e is the third corner of the buifding. Repeat the process
at the third corner to locate the fourth corner, or carner D on Fig. 30.4. Repeat
the process at the second and the fourth coeners as a means of checking for accu-
racy. The process may be facilitated by the construction of a right triangle, as
showe in Fig. 30.4. The job may be checked by measuring the length of the
diagonals, as shown in Fig. 30.5. The lengths of the two diagonal tines should be
cqual. See Fig 32.20 in Chaprer 32 for information on the use of baster boards to
assise ia digging foundation treaches.

—— o — — o ——— —— O o —

/
\
\

\
/

m*u-e«-«e-m—”n
/
\

> —————Hho

_ ) B _ _{Courtesy Vocatonat Agrgulturs Senace. University of tiinois)
Fig. 38.5. In laying outm mmuou of 3 building, make sare the diaganal fines X
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The size, the type of construction, and the type of soil on which a building is
constructed should influenece the size and depeh of the foundation footing pro-
vided.

Floors—Some of the commen kinds of floors used in farm buildings are con-
- «rete, wood, crushed rock, and earth. The kind to use will depend on the money
available, the use to be made of the building, and the wishes of the awner. Con-
crere makes a desirable eype of floor for many farm buildings. In constructing
concrete floors, use a well tamped fill of 8 to 10 inches of crushed stone, gravel, or
san.

Wall Framing—In sidewalls the studs and joists should be spaced equally, as
shown in Fig. 30.6. Greater strength ar the floor line will be provided if the studs
extend to the sill and are side-spiked to the joists. The silt should be fastened
securely to the foundation with bolts. Diagonal braces placed on che inside of the
studs increase strength. Cut-in type of bracing may be used, as shown in Fig. 30.7.
Joises and studs should be of adequate size, as shown in Fig. 30.6.

{Churiesy Oﬁﬁmé.of Agncwufe Linvversty of Nebrasha)
Fig. 30.6. Framing detail for now storage siracturss.




Fig. 30.7. Cul-in beasing. & dosirabie fype of hracing.

FRAMING 24"

OPTIONAL
BATTEN

™~ § EXTERIOR - TYPE
PLYWOOD

(Courtasy Vocaons! Agriculure Service. University of Hinals)
Fig. 30.5. Piyweed sheolhing holps to brace & buliding.

Figure 30.9 illustrates a desirable type of framing for nonbearing partitions.
Figure 30.10 lustrates a desirable method of framing doors and windows.

Rafters—IJt is important that roofs have the proper pitch. Rafters should also
fit properly. The first pair of rafters should be cut and put in place to see whether
or aot they fit before the ocher rafters are cut. Rafter cunting is discussed in Chap-

ter 10,
Rafters must be strong enough to support the roof, the weight of snow, and
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{Courtesy We;erhasuser Ssies Company)
Fig. 36.4. A desirshia type of eamting tor nonbesring pariitions.
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(Courtesy Weyerhaeuser Sales Company)
Fig. 30.10. A dasirabls msthad of framing doors and windows.
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the pressure of the wind. Rafters should not usually be placed farther apart than 24
inches. The sheathing may sag if a wider spacing is used.

The correct size of rafters depends on their spacing, cheir length, and the kind
of wood used. The width of a rafter does not influence the rafter’s strength as
much as its depth does. If the weight comes from the top down, a 4 by 4, for
example, is twice as strong as 2 2 by 4, while a 2 by § is four times as strong as a
2 by 4 and twice as strong as a 4 by 4. If you figured the board feet in a 4 by 4 and
a 2 by 8 of the same length, you would find that the board feet are equal.

Table 30.1 gives, tor New York conditions and for native New York-grown
lumber, the sizes of rafters needed for various runs of rafters. The rur of a rafter is
equal to one-half of the span. The span is cthe distance from the outside ledge of
one wall plate to the outside edge of the opposite wall plate.

Pole Frame Buildings—Pole frame buildings are gaining in popularity be-
cause of the progress being made in treating poles with preservatives to prolong
their life. Pole frame buildings are easy to construct and relatively cheap to build.
Such buildings chminate the necessity of foundations and ground leveling. The
amount of reinforcing and bracing is decreased, and che time required to build a
pole frame building is less than the time required for other types of construction.
Pole frame buildiags are usually limited to one story, however.

Many plans for pole frame buildings are available. A good plan suited to your
aceds should be vbtained before construction is started. In constructing a pole
frame building, observe che following building principles:

Select ehe straightese poles for the four corners of the buikiing.

Ser poles & minimum depth of 5 teet, Use level to plumb heles.

Nait eafters o poles. Do not notweh poles. .
Locate poles lengthwise of the building not over 14 feee apare or less than
kO feer apare

S, bse interior poles or wood-trussed rafters when the width of the building
is. more ehan 24 feer,

PNV S

Seudy Figs. 3011 through 30.14 for information regarding che methods used
in constructing pole frame buildings, Examine some well constructed pole frame
butldings for construction ideas.

Ratrer £ Rattor Tow
Oueside
P|l!t;
/ | | | | \
\............., Grroumt g frterior
Level Pule
{Drawn by Ranald Ipsen)

Fig. 30.11. A cross saction view of a pole-type building with a gable roof.
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BEAM

NAIL ALL ALONG

PLYWOQOD GUSSET

2" x 6" DOWN POLE

{Coureyy Vocational Agnculure Sérace, Umversity of Bhinis)

Fig. 30.12. Trianpulaer plywood gussis may be used *3 bracing needed at poles.

Riftys i

Ersnie and
Omnreaede
Plares

Interior
[P
Pute

tDeawn by Ronald (psen)

Fig. 30.13. A drawing showing the use of knee braces on the intesior poles of pole-
type buildings. Netice also how the inside and the outside plates are atlached to the
inferior plates.

Clear-Span Buildings—A clear-span building without inside posts or beams
has many advantages over a building with interior beams or posts. The use of
wood-trussed rafters makes clear-span buildings possible without increasing the
costs excessively. Wood-trussed rafters with a spacing of 4 feet may be used for
buildings with a clear span of 24 o 40 feet. See Fig. 30.14 for an illustration of a
wood-trussed rafter for a building with a 36-foot width.

Before building a clear-span building with wood-trussed rafters, secure a good -
set of plans. In constructing the wood-trussed rafters, bolt or gusset plate the
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Fig. 30.14. A drawing of 3 clear-span building with a glue-nail truss.

trusses and use both glue and nails tor added strength. A jig may be used for
constructing the rrusses.

Using Plywood

Plywood is being widely used in agricultural construction. It is used in farm
hutldings such as machinery sheds, livestock buildings, and crop storage buildings.
Plywood has two-way strength, and it has high impact strength. ¢ has good resist-
ance againse splitting and cracking. It is also a building material with high rigidity,
which is why it is often used as a bracing material in agriculcural construction.

Plywood is durable. Plywood for exterior use is bonded with a waterproof
glue that is resistant to acids that resule from manure and urine. Plywood is eco-
nomical because it can be installed at low cost. The skill required in installing
plywood is minimal. Plywoed has good insulation properties. It is effective in
keeping agriculeural buildings warm in the winter and cool in the summer, if used
for exterior or interior paneling,

Plywood is readily available from lumber dealers in sheets 4 feet by 8 feet,
These sheets are true and square. They stack and store easily, They are easily used
for framing,

Plywood is easy to work. Tt is e¢asy to saw, plane, drill, chisel, and nail.
Plywood does not split easily when nailed, and it holds nails well. It may be
paisted or stained easily. Cracking and weathering of «he surface of plywood may
be retarded by the application of paint on the edges as well as on the surface.
Piywood is cross-laminated. This cross-famination reduces contraction and expan-
sion, due to changes in weather conditions, to a minimum amount,

Types—There are various types and grades of plywood. Make certain that the
eype and grade being purchased is suitable for its intended use. Plywood is made
from many different types of wood. The type of wood desired should also be
constdered when plywood is purchased.
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There are two primary types of plywood. They are exterior plywood and inre-
rior plywood. If the plywoed is to be exposed to the weather, use only exterior
plywoad. Interior plywood is aot suitable for use in exposed situations. 1t will soon
deteriorate it used for outside construction.

Uses—in agricubtural buildings, plywood is often used as an exterior siding.
When used as siding, the edges of the plywood panels muse be located over fram-
ing pieces. Plywood panel edges should be spaced /1y inch apart to allow for ex-
pansion. bf the humidity conditions will be very high, space the edges and ends of
the panels /s inch apare. Use six-peany common nails for nailing plywood panels
up to ' inch chick. B the plywood is over Y2 inch chick, use eight-penny nails.
Battens should be used over vertial jotats. Galvanized or aluminum metal flashing
i often used for the horizontal joines. This flashing may be purchased.

Blywood is offc- ased for gussets on trusses. Piywood is also often used as an
inside wall lining and for ceilings in agricultural buildings. Plywood is widely used

as & sheathing raterial in the construction of roofs, Doors in agricultural buildings
are often made of plywood.

When agricubrural storage buildings require floors, plywood is often a suitable
matecial. It plywood 18 used as a flooring material, the face grain of the plywood
should go across the suppores. This increases the strength of che floor. Use a
plywood thickness adequate to support the weighe it must carry. If the floor is to
support geain, remember thae grain is heavy.

ROOFING

Farm buildings are usually roofed with galvanized steel sheets or with asphale
composition shingles. The roofing material selected should be of a type thar will
lasr a relarively loag period of time.

Galvanized Steel Sheets—Galvanized steel sheets are frequently used as a
roofing marerial for agricultural buildings. They last a long time and are ecasy to
install.

The weighe and thickness of steel sheer used mose frequently is 28-gauge.
Some farmers and nosfarm agricultural businesspersons prefer 26-gauge sheets.
Sheets heavier than 20-gauge are too thick to nail, and sheets lighter than 28-gauge
are flimsy. Some people believe thar the thickness and weight of the sheeis deter-
mine how long they will last. This may oot be correct because rust is 2 major
enemy of galvanized roofing, and the thickness of the zine ccating and not the
thickness of the sheet determines the rust-free life of the sheets.

In buying galvanized roofing, check the chickness of the zinc coating. Steel
sheets with a 2-ounce coating of zin¢ are usually the best buy. @ven though the
original cost is higher than the cost of sheets with a thinner coating of zinc.

Whaen installing galvanized sheets, first install che nailing girts, 1- by 6-inch
strips nailed across the rafeers. The galvanized sheers are nailed to these girts. One-
by 2-inch filler strips nailed to the rafters between the girts ase also advisable.

" Gabvanized roofing may be instaifed: over wooden shingles without the use of girts,
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but a better roof 15 obteired when gives and filler strips are firse installed over the
old roof. When gires are used over an old roof, seal the space between the gal-
vanized sheets and the old roof ar the gable ends of the building. Trim material
mav be purchased for ¢his purpose.

The expansion snd contraction of galvanized sheets make necessary the use of
nails with special seals, such as lead, on che heads and with screw-tvpe shanks.
When instathing sheeting, fiest determine the direction of the prevailing winds. 1f it
is Feom the southwest toward the northeast, seart instatfing the sheets on a north-
south building on che south end of the building. The wind will thea blow over the
Faps instead of under chem.

{Courtesy Einited States Steer Corporation)

Fig. 30.15. The first steel roofing shest should be placed on the end of the building
apposite the direction of the prevailing winds.

PMASTIC SEALER OR

(Courtesy Amencan Zinc institute)

Fig. 30.16. The use of strips of asbestos wicking or sealing compound bstween the
steal sheels will prevent leakage at the laps.
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Nail the sheets just off che crown of the corrugations. Galvanized nails should
be used. The nails are usually spaced S inches apart on the end laps, and 6 w0 8
inches apart on the side laps. Before installing galvanized roofing, read the installa-
tion directions provided by the manufacturer of the galvanized sheets.

Galvanized roofs need to be kept in good repair or they will deteriorate
rapidly. Galvanized sheets may need to be renailed. If a nail is rusty or loose, pull
it out and use a new nail. The new nail should be driven at a new angle so thar it
will hotd. When the sheeting becomes rusty, it should be repainted with a rust-
inhibiting paint. See Chapter 11 for information on painting.

g N . ANY _‘.‘_{
_' N AN
&k.o{-,&\‘

Fig. 30.17. When a good-hold for nalis Is not avallabie, seli-tapping sheet metal
the end (aps

iCoyriesy Amencen 2inc Instiute)

screws may be used ot and other piaces to draw the cheels together tightly.

Asphalt Shingles—A tight sheathing deck is required for asphale shingles.
Install an asphalt-sazurated layver of roofer's felt to the sheathing first. The layers of
roofer’s fele should be lapped. An eaves flashing strip should be used, and the first
course of shingles should be installed at the eaves. The installation of asphalt shin-
gles is noe difficule. Follow the directions of the manufacturer when installing as-
phalt shingles.

Flashing—Flashing must be installed in che valleys between roof surfaces that
intersect and aiso where the roof meets verrical surfaces. Flashing is necessary to
make a roof watertight. Flashing consists of strips of metal or other material. The
flashing strips are placed in the valley under the roofing material and are fastened
to the roofing marerial by plastic cement t¢ form a watertight valley. Flashing
where a roof meets a vertical surface should exrend under the roofing material and
up the side of the verrical surface. Plastic cement or other means should be used to

‘form a watertight joint between a flashing and a vertical surface, See Fig. 30.19 for

flashing installation in a valley.
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PLYWOQOD

v e B3 YCLIP {of raquired }

ROLL ROOFING

ASPHALT SHINGLES

WOQD SHINGLES

(Courtesy Vocational Agricutture Service, University of Ningis}

Flg. 30.18. Plywood used as sheathing over wood lrusses.

//;’:j:i.c :

~ coment "

(Courtesy U 5.0 A)
Fig. 30.19. Flashing instsilad in a closed valley.

REPAIRING AND PROTECTING BUILDINGS

Replacing Broken or Rotted Parts of Buildings—It is often necessary to
replace certain parts of wood buildings which have roted away or been broken.
Such pares should be given immediate auention, and the proper repairs should be
made before further damage to the building results. Several practical procedures
tor repairing buildings are illustrated in this chapter.

Repairing the Fouadation—Buiiding revairs are Sequegsiv uecessitated by
foundation failures. A frequent foundiion ulure i the tilting cur of the founda-
" tion. When this happens, the wali shou.d be je Yed up. Tec fouud-aon snauls
then be straightened and reinforced by the pouring of additional footing as shown
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i Fig. 30.23. When the additional footing has cured, lower the wal back into
place.

Another frequent foundation failure is the splicsing of the foundation at the
cotners of the building When ehis occurs, jack the foundation and wall b=k into
place and pour a shaft of concrete at the coraer o hold the foundation in place.

Qecasionally failures result from the ¢rosion of the earth from beneath the
toundation. When this occurs, jack the foundation and wall back into place. Then
pour a concrete footing underneath the foundation. Replace the earch chat has
eroded away and take steps to prevent future erosion.

. Sven

Torren Elps

5‘“5,—‘
Spuee.

Loog,t
100K |

REPLA(&*D Siu

iCaurlesy Lodege of Agntulturg. Litiveraly of Nebrasks)

Fig. 30.20. Replacemoni of joists, studs, ends, and sills. Rotted joist, “A"; repaired
joist and stud, “B"; rotied silt, “'C"; replaced sill, “D.”

Bracing—Agricultural buildings that sag or get out of plumb may often be
repaired by the insrallation of additional braces. The first step is the straightening
of the building with jacks until the .. Is are plumb. Then install additional braces
as necded. Nail the braces to the rafters, joists, and studding.

Rat-Proofing Buildings—In some arcas, rats ave a serious pest on farms and
in nonfarm agricubrural businesses, In these areas, precautions should be taken to
keep rats out of the buildings. In new buildings, rat-proofing shouid be done at the
time of construction. In old buildings which are not properly protected, some
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Fig. 30.21. Securing a sill with & post.

NPT I T TR TR iy TS TS
{Courtesy Coilegs of Agrcutture. University of Nebrasia)

Fig. 30.22. Replacement of a ctoné foundation with concrele. Jack up the sill as
shown in “8.” Remove the oid slone or rock foundatiox and place forms for concrele
piers. The concrate shouid extend from 12 to 20 inches betow the groand line, depending

_ Hi:uuc l!l’c_twc of bujl_tuuu and soll. Compleis plers and zemove forms and _t_a_c_m as shows
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(Grawn by Ropalg Igaen)

Fig. 30.23. Helice the additional fooling that was poured after the foundation had
been straightensd.

Single garage without bracing. Bracing msd. tie bulldlng.
[Courtesy West Coast Lumberman's nsmnMn}
dge' 30.24. Notice how the additionaf braces are nailed fo the rafters, joists, and

method of keeping the rats out should be used, such as those shown in Figs. 30. 25
and 30.26.

Termite-Proofing Buildings—If construction procedures are correct, ag-
- riculeural buildings will ‘e protected from damage by teimites. Proper construc- .
tion is the cheapest control for termites. No wood should be in contar - with the
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RATPROORING FOR RATPROOFING FOR

CQONCRETE CONSYRUCTION FRAME BUILDINGS FRAME BLUILDINGS
EEEECTIVELY SHUTS QUT RATS WITH LOW FOUNDATIONS ON M&SOI!R%DNERS
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{Couniusy Poriang Cament Associahon)
Fig. 30.25. Principal methods of ral-prosfing buligings.
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rEourtesy Coiege of Agneuture, North Dakola State University)
Fig. 30.26. Rat-proofing on oid storage building.
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soil. Termires must have moisture and woody tissue to live. The source of mois-
ture is usually the soil. If they cannot get o the sotl, they cannot live in the wood
and deseeoy it All wood in an agriculcural building should be isolated from the soil
so that termites cannot get to it without building cheir shelter tubes in the open
where they can be detected and destroyed. Metal termite shields should be in-
statled berween the foundation walls and the superstructure of che building.

Using Paint and Preservatives—All wood parts of buildings should be
painted to protece the wood and to keep it arcractive. Farmers and nonfarm agricul.
tural businesspersons should take pride in keeping their buildings repaired and
painted. Wood deteriorates rapidly when not painted. It is important to have a
knowiedge of paints and how to apply them. Proper use of this knowledge should
be made in selecting paint of good quality and in applying it properly. Painting is
discussed i Chaprer L1 _

Any wood such as thoors, posts, or runners which comes in contace with the
soif should be properly preserved. Preservative marerials may be applied to posts
or runners by the brush method, or they may be dipped in a tank containing a
preservative solution. Boards used in floors, such as in hog feeders, which may be
in close coneacr with the soil shouid be painted with a wood preservative, with a
brush being used to apply it. In painting tongued and grooved boards, it is well to
paiat the tongue and grooved portion of the boards before nailing che boards in
place.

For a discussion of the types of wood preservatives used in agriculeure, see
Chapters 11 and 36. Posts and lumber treared commercially with preservatives are
available from lumber dealers.
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CONCRETE WORK

Student Abiliiies to Be Developed

. Ability to appreciate the values of concrete as a practical building material for

many agricultural buildings.
Ability to select cement, sand, and gravel suitable for concrete jobs.

. Ability to estimate the quantities of cement and aggregate, or ready-mix,

aeeded for a given job.
Ability to buil