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This overhead valve engine of 30~. capacity and weighing some
twelve pounds. is a good example of what can be made in an amateur

foundry. Castings are in iron, aluminium and bronze.



TliI:.l<f: I ’  .s~‘n!‘i~ for MC amateur foundryman in the home
\vorkciiO[, u/ a n y  SIzt Those who possess lathes as small
a s  1~;”  c a p a c i t y  a n d  w h o s e  w o r k s h o p  i s  n o t h i n g  m o r e
elJhoratc  than a quiet coro,er of the kitchen will. nevertheless.
tind a uwful ally in a No. I cl-t!cible.  which for the melting
of alurmnium. can be heated in the open fire. In such cases
it will .  perhaps. be found convenient to keep a small box
of sand outside, where the moulding operations can bc carried
oirt minw any aticndan! risk of domestic friction, the moulds
being cat-ried inside and placed upon the hearth for pouring.
It will soon be appreciated that the field of possibilities of the
most humble workshop is expanded almost beyonci  measure
by t.his  means : although the process is essentially so si;nple
and primitive. it is none the less effective and the beginrw
is soon asking himseif why he has not been enjoying the
b e n e f i t  o f  i t  f o r  y e a r s .  A l t h o u g h  l i m i t e d  t o  aluminium
casting by the restricted melting facilities, such material does,
after all. lend itself admirably LO the type of tool to be used
in the subsequent machining.

Fig. 1 will scrw to iliustrate the extent of the equipment
required for an initial acquaintance with the small scale
foundry. With the exception of the crucible, A, which must
be purchased 2nd. of course, the moulding sand, R (normall)
a natural commodity), the remaining items can. quite simply,
be made at home. C are two forms of fettling trowels, the
one above being intended, primarily, for cutting the ingates.
The lower one has many applications of a general nature
including smoothing up the joint faces of the moulds and
pressing back loose particles of sand. D is the stick for
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Fig. I, The simple apparatus required for making a start

forming tht- runners. For small aluminium castings it should
be. roughly. an inch in diameter. Six inches of broom handle
is admirable. ‘The pair of mol;lding  boxes or “flask” at E
come in fat- a fu!l description later as do I? the shallo\v  ladle
for skimming thr dross from the molten metal and G. the
crucibit: :0ngs.

The more fortunate owner of larger machine tools, with
an outdoor workshop and other blessings will be able to go
further and equip himself with a fully fledged foundry on
a small scale. He will be ab!e to tackle castings in a variety
of metals, including iron, the w ight and form of these being
governed only by the limit of his own ideas and requirements.
.Membcrs of societies may like to pool resources and add
foundry facilities to the kind of commwul workshop more
usually encountered. Here equipment could run, perhaps, to
a small cupoia for melting iron, together with a crucible
furnace for  the  non-ferrous  a l loys .  The in terchange of
patterns between members would be a boon and the division
of the costs beicveen them would make possible the purchase
of orthodox metal mouLiing boxes and other items of useful
equipmen.t  to the ultimate advantage of all Lowerned.
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IX i,~Oi~,~(‘~I~,OS

~3 li.irl / iom !IK 0hsIous  aduntagcs t o  b e  gained f r o m  a
\‘i’i:!irlL~  !1,11> :ht: \c!cr:‘Le of the ioundry. the a d d e d  !ntcrcst
‘li\<:l\i.il  1% ;! LI:I~V  sI1~0ng lack~r  o n  i t s  owfi. O f  the ot!1cr
prlic:\sL\  ill tiic workhup.  t h e  majority  c a n  bc d i r e c t l y
urnlrclic~i.  11~ ihu ~,pcr:iioi-. through every stage to completion.
progress  hcmg obscrvrd. asGsted  a n d  modilied  t o  ultimate
\L,ii‘C,Xh.  The 1rc.iult :n b e  expcctd when a mouid i s  opened
iirtcr pouring.  !lo’we~er. is always a matter for conjecture.
~\ pdi'd ;:Is,I~I: c:?nnot b e  guarantwd  every time dvcn i n
I/iC hcsi Of Cilrcii”,~:;ncet and. alrhough t h e  measure o f
ccr~;~~niy can ihc improved t o  a  very g r e a t  extent  by t h e
t.sc~~isc of ca:-c and I!IC gaining of cxpcriencc.  there is always
a, keen scnsc of cxcitrmcnt a t  t h e  m o m e n t  w h e n  the rnould
1s ,sh:,kcil :iui :i;iJ :ilc ,ct;il hot casting cmcl-gcs.

.li-UC.  one arrives at the stage when simple patterns are
ri?oali!ed a n d  cast wiihout much t h o u g h t  and a  “ w a s t e r ”
cwncs v e r y  much a s  a  s u r p r i s e . There always remains.
RDWVCVC~,  the occasional ticklish job to be encountered which
tests  the mgenulty  of the arnat!zur to  the  u tmost .  Thus  h is
interest IS stimulated anew and. a~ with other branches of this
most ahsorbing of hohhies.  the deeper he hecomcs invo lved
a n d  t h e  better his understanding of the process. so  a l so  the
degree of hip< en joymen t  i s  insl-cased  according!y.

Foundrywork  is put forward as an alternative to the other
methods commonly applied, in the home workshop, to the
fashioning of an object in metal. Fabricating from separate
pieces or hc\ving f r o m  a  s o l i d  l u m p  o f  mate&!  c a n  b o t h
be tasks of extreme tedium. On the other hand, once a
little foundry has hecome well and conveniently established,
even a  “one ofi” job can be executed quite expeditious!y,
cer:ainly with equal if not more satisfaction. by the simple
p r e p a r a t i o n  oi the p a t t e r n  i n  wood ,  foilowed  by moulding
and casting in metal. The pattern remains to be used again
ii r e q u i r e d  a n d , soon the  foundryman f inds  himself  in
possession of a fine stock of (useful  patterns to fali back upon
and he comes to regard them as some of his most
valued assets.

Another point is that the amateur  foundry offers s c o p e
to the hobbyist who would wish to work to his own designs.
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Fig. 2. A typical mould,  with its pattern
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C!IPTEK 1’W”

i.r IS SL~XE~S~~F.:~  that rhe rea.der. wishing to experiment w i th
fout~d~ywcrk  on  h i s  own  accoun t ,  w i l l  tind tha t  the  best
resul ts  a re  obta ined f rom the use of a regular cruc~hle CT
melting pot. ‘Therz nr~ alternatives,  o f  c o u r s e .  A n  iron
saucepan or even a!, empty can have been known to he used
for aiuminium Indeed, the former ma:; have an actual value
if steps arc taken to protect the interior -or ra ther ,  to
protect the molten meral against the interior of the pan-by
the USL o f  a  r e f r a c t o r y  w a s h  ( p a g e  i i i ) . Many metals
are soluble in moitc: aiuminium ; iron particularly so and its
effect is not good. so that bringing the melted metal :nto
direct contact with that of the pan is not recommended.
Although iron pots are act::ally  u sed  unde r  c e r t a in  c~rcunv
stances  in industry. the great disadvantage is that the internal
coat ing is  somewhat subject to erosion and. if adequate
protect ion is  to  be  mainta ined,  requires  fa i r ly  f requent
KneWal.

Another disadvantage to the use of an iron pot, and this
time of particular importance to the smaller foundry, i:s the
rapid  cool ing,  a.s compared with the crucible ,  when the
charge is removed from the furnace prior to pouring.

In view of the fact,  then. that satisfactory crucihleri  a re
,r.eadily available in a wide range of useful sizes -certainly
‘LO s u i t  t h e  a m a t e u r -  t h e  b e g i n n e r  w i l l  f i n d  i t  t o  h i s
advantage to obtain a small supply at the outset aind avoid
the sometimes discouraging effect of trying to make do
with a makeshift. The type of crucible most commonly used
in the foundry is that made of tireclay  mixed with plumhago
(another  name for  graphi te  or  “blacklead”)  and,  except
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where special ftmacc arrangements demand! special shapes,
the smx kind will be found convenient ‘or any of the metals
l i k e l y  tcf be  encountered. Another type, the carborundum
crucib le.  has mine ad\dnrages  in the melting of  non-ferrous
alloys chimed for it by manufacturers and is worthy of
consideration in that field. The common plumbago var ie ty
:vi!l g i v e  qua! satisfaction for all metals, including iron.

Tie shape uwaliy encountered and the sizes most likely
to fin<!  favor  in  the  smal l  foundry,  are  i l lus t ra ted,  wi th
dimwsions  i n  Fig. 3 . The sketch may serve as a useful

guide when ordering the first batch. The sizes are pretty
well standard and their capacity is usually calculated in SO
many pounds of co~pw. Thus No. 1. the smallest stock size, is
specified as having a capacity of 2 lb., No. 2 of 3 lb., No. 3
of  6 lb., and so on. The weight of metal they will hold
will: of course, be siightly less in the case of iron and
appreciably !ess in aluminium, due to the difference in specific
weight. To ail intents and purposes. however, the size of
casting they will pour in each case remains the same.

Where different metals are being melted it is generally
advisable to retain a separate pot for each one. For the
melting of non-ferrous alloys the life of one of these plum-
bago pots>  barring accidents, of course, is almost unlimited.
Always care is needed in their handling in and oGt  of the

7
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furnace. I’hc t o p  IS !he ivmkett p a r t  a n d  s h o u l d  n o t  h e
wbjcclcd to unnexrsary prcssurc  lr.rl t h e  tor,gs .rhich. i n
any cast.  io minimisc tile risk of the crucible sLipping through
a n d  q”ili!i~ the conivnts  d i s a s t r o u s l y .  shou11.l  always  g r i p
ahoui one t h i r d  o f  the w a y  d o w n .  The pr.icricc of lc~ering
the iruciblc about  in  the  furnace  wi th  a  poker s h o u l d  b e
avo~&.d.  It i s  b e t t e r  t o  m a k e  a n y  adjustments by iifting i t
siigi-jt!y  w i th  the tong< a n d  a p p l y i n g  the p o k e r  t o  t h e  !iw

:?h;:lnt iilc Worse risk attending a pot. particularly in the
cast of alun~intum.  ;Y ir. replenishing  :he initial charge.  w h i c h
has hc~:on~c rm,lten. w!th c o l d  metal. Often the lat-gcr pxccs
arc kept back until a pool has hew formed when. the heat
condllction now bcwg f a i r l y  r a p i d .  they wil l  melt m o r e
quickI\Tllc rapid  conduct ion of  the  heat .  ho\vevcr.  can  be
a danger if the ad&xl me ta l  i s  immersed  suddenly. The in -
coming charge  expands  .nd the already melted aluminium.
losing some of its heat and tending to solidify simultaneously,
is unahic to make room for it by rising up the pot. It
expands its force outwards and a cracked crucible is the
xsalt.

One  remedy  IS to have the  mol ten metal  a t  wel l  above
melling  point ~~~-not  a lways recommended in the case of
a lumin ium -~-’ heforc ac!ding to it. Another, perhaps wiser.
plan. is to lower the additional metal very gently. allowing
it to heat up gradually before total immersion.

Used f o r  meiting i r o n  t h e  l i f e  of a cl-ucihle i s  n o t  s o
great. Nevertheless. they have been known to last for up-
w a r d s  o f  a  h u n d r e d  melts kxhich, for a first  cnst o f  on ly
about 5Op each (the smaller sizes are even less costly), can
never bc regarded as a great expense. The effect of the very
high temperatures  a t ta ined (probably  in  the  region of
25OO’F.  at times) is, apparently, to cause the crucible to burn
away. It becomes thinner and thinner until it is advisable
to discard it before it becomes a danger to handle or breaks
in the furnace with the loss of a melt. By this time a six-
pounder  wil l  have hecome reduced in  capaci ty  to  about
four pounds, so the caster will be finding himself short of
metal in any case.

8
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Il. i s  u:<uaily ;Pcivlsiil~le  LO use some form of cover when
mell~ng me1ai i n  a  crxihle. Lids of the same material.
a n d  tn suit  the j~ar-loL;s  sms.are  a?aLlabIe and  cos t  on ly
COppen. Thtir !ilC k ah ahout the same, so it is con-
vemrn? to purchase pot and cover together. Their use is
to protect the metal charge from some of the etTcct of the
fLlrna!x! 3Lr;lospl?crc  and. where solid fuel is used. to exclude
foreign rri~lller,  SliCll xs ll’i!::  and cinders.

An :*itcr’rl;liiVe  icl the ilOrtll>Li COVCI-

a n d  W!IIC!I  lix !Irc adiled a d v a n t a g e
of ncrmitl.!ng a Iargt:: initial charge is

Fig. 4. Enabling a greater

bulk of metal to be included
in the in i t ia l  charge.

shown in Fig. 4. in this case a second
crucible. which could be a cracked or
damaged one, is up ended over the
first with the charge piled up inside it.

The once prevalent belief in the
practice of annealing a new pot by leaving it to stand,
upside down, overnight in a dying furnace, would appear to
be unnecessary. Returning the empty crucibie  to the furnace
after pouring, except, of course, for a fresh melt, would also
seem to be an overrated superstition, merely contributing
towards a shorter crucible life. It may not be advisable to
cool them too suddenly. however. and usually a warm spot
can be found somewhere behind the furnace. The ‘*kitchen
fire” foundryman may find it convenient to place his pots
in the ashpan to cool. In general, it may be said. plumbago
crucibles will be found to withstand a remarkable amount
of fair use and e\;en I-ough  handling.

9
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aving progressed beyond the scope of the open range, the
amateur foundryman will probably become interested in a
f u r n a c e  o f  larger-  czpacitv. A m o n g  t h e  ~&-made
possibilities in this direction ii the ordinary slow combustion
stove. Whik !~hr pu:&zse of a new one for that specific
purpose could hard!y be recommended on the grounds of
economy, there may be the chance of picking up a second-
hand stcve fairly chcapi?;. In that case there need be no
rompunction about makrng  the necessary modification to
fit it for its new role.

l:t.rr making castings machinable on the popular 34~” lathe
lix stove need bc no iarger than fifteen to eighteen inches
high. iz bigger stove would only use a greater quantity of
ftiel  than should, otherwise, be necessary and nothing is to
be gained by that. It wlii  usually be advisable to take away
:he cast iron top to iaciiitate the entry and removal of the
crucible and, if ~hr furnace is to be built into a flue to make
LiSe of natural draught, some further slight modification wiIl
be required (as shown 11~ Fig. 5) to admit the end of the stov:
pipe. In ihis case the usual recess in the back of the st3ve
has been cut lower and the lining made good by the us: t’f
one of the proprietary fire cements. The same can be p’ut IO
excellent use in repairing any defects in the lining whit h
may appear from lime to time. Neglect of this poini w II
probablv result in the wrapper being burned through. as tile
lining of a slow combustion stove is comparatively th,n. 4
furnace exactly as illustrated has been known to mal..e
hundreds of castings in aluminium, brass and iron.

Always. when solid fuel is used. the provision of r!atur i1
draught is a real advantage in lighting up. Except for th,s,
however, excellent use can be made, out in the open, of tile
stove alone, provided an adequate forced draught is ava,l-
able. For anyone not wishing to go to the expense of a
blower, a very high temperature can be reached wirh t:ie
aid of a fairly tall chimney. Aluminium can be melted wi,[h
ease and there is a possibility of being able to handle sor,le
of the cuprous alloys, too. About eight to ten feet of fol:r-
inch pipe wi!! t&found  sufficient.

Although the slow combustion stove has been put forward
here as a practical solution to the furnace problem, ao doubt

11



F ig .  6 .  A  fu rnace bu i l t  o f  brick.

there are many other possibilities which will suggest ihem-
selves to the amateur. One, rather obvious, alternative i’i to
build a square section furnace from firebrick.  The same
is rendered more serviceable if the bricks are enclosed within
a sheet-iron wrapper. An example is illustrated in Fig. 6 and,
being built to the convenient dimensions of the brick, has a
furnace cavity of really generous capacity.

Al though in  the  ord inary  way,  crueibie  furnace /C a re
equipped with fire bars and ash pan, such refinem,:~::  i,, have

been deliberately omitted from the versions show/u.  Where
the firing is by ordinary gas coke, fire bars c~!uId  prove a
nuisance by becoming clogged with clinker. Th.ese  furnaces
can easily be cleared while the work is in progress if the
need arises.

12
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A “LIONOI.l~FIiI(~”  I.ININC

iii t i e  ir::i:,!rtry.  i:o\vaday.~. many furnace linings  ioliou
tisc type knnwn a s “monolithic.”  The term is more descriptive
!Ran cor~rt‘ct nnd !-C~CI-s  to the kind of lining ramme.J up on
ihc spot, i‘rnm  suita’)!c refractory materials. within jtie cavi:y
iormed bet;veen the 1’urnace  wrapper and a. suitably con-
structed temporary former. Fig. 7 is an illustration of a
%rria!i e,x.a:nplc  OI’ SL!L~ a  f u r n a c e  m a k i n g  use oi a. disused.
fiwga!ion  i!Wlli.

3 !>r ends are fii-,st  removed with a chisel and hammer and a
11o;c  cut C!iW to the top to admit ihe stove pipe. Another-
i)ui’rling.  which ~crvc?,  collectively, as an ash hole and for
blast. is; cut  at  the hottom. A useful former. the diametcl-
of the f~urnace  cavity. can be rolled from sheet metal and
tr::lCCti.  I~t~iXlk3!i~~. u:iih  wooden struts. It should be con-
.I : / / 1;;  ;~ :’ !.i so :!:a!,  witi? ihc wood supports removed, the metal

II:1/ \prtng ~i:wa!-di  to facilitate its removal after the lining
ii&i hwn rammd.

IIaterial  used for the lining is firectay  mixed (about fifty-
filly)  with “grog”~‘-~‘~ the term used to describe the finely
ground up firebrick  with which the clay is reinforced-to
Improvt  iti;  strength. its resistance to high temperatures. and
to reduce the tendency to cracking. The addition of grog
also a!!ows  of the lining being dried out more quickly than
would otherwise he possible.

i‘hose living i n  a n industrial area will expcr~cncc  littic
ditliculty  in obtaining the nccessar-y materials. if an approach
is made to the management of one of the local brickworks.
The quantity required is smaii and. if charged at all, the cost
is negligible. The quality of the clay will vary but. there is
little doubt that. for the type of furnace in question. results
wiil he qu!t,c  satisfactory.

(11 the event of the district hcrng remote from industry. it
will IX found pcssihlc  to obtain a superior quality clap from
one of the crucihlc  manufacturers.

The clay xnc! grog arc received 4Iry and amalgamated as
thor-oughly  as possible by hand. The material is then mixed.
with from five to ten per cent water, to produce a heavy
clay to a,bout the same consistency of moulding sand; i.e..

14



CRUCIB?.ES  A N D  T H E I R  C A R E

bonded but r,ot over-saturated. It is fed into the space,
between the former and the furnace wrapper, and rammed
down solidly, the feeding and ramming being carried out in
a spiral, round and ro:!nd the fui-nace and as continuously as
*oossibic. A break in the operation may result in a crack.
To obtain a lining of unvaried strength throughout, particular
attention shotrid be paid to the ramming lo keep it consistent.

Befcre knocking away the wood supports and removing
the former. the end of the flue pipe can be inserted and the
vent beiom opened out and cleaned up with a trowt:. 1 nc
same car: he app!icd la any raggy parts to tidy the lining up
generally. before it is left to air dry for a period -not less
than twenty-four hours.

I’IRllriC ‘YEit L.INING

.:hc tl!-ying  our can now be accelerated by lighting a smaii,
;Yood  fiic in the furnace and keeping it going until the clay
has ccascd !I> steam. A gradual increase in the temperature
can then be permitted hy the addition of coal and coke until,
after perhaps a couple  of hours, it is possible to hring the
whole of th? interior of the furnace to red heai. At this
stage it can. rapidly. be blown up to working temperature
and aliowed to remain at that for two or three hours, or more
if possible. Finally, it should be packed up with coke and
left 9 burr. itself  out over night.

If everything has gone according to plan a good, sound
lining should result. Tapped lightly with the fingernail ir
shou!d give the characteristic “ring” and the colour should
he a light, :;e!low  hrown.

Having gone to a good deal of trouble to make a really,
serviceable furnace, it will be well worth observing a little
care in its use and, thus, enjoy the full advantage of a pro-
longed working life. The main enemy is, probably, clinker.
it usually forms pretty badly in the lower part and there is
always a strong temptation to attempt its removal by pound-
ing with the poker. Nekerthcless. sometimes it may be
preferable to leave a particularly tenacious lump adhering to
the lining than to risk it bringing a piece of the same away
with it. if forcibly dislodged. Sometimes  it is possible to

15



FOUNDRYWORK F 0 R T H li A M A T Ei I’ R

c!ean out a good deai of the clinker while it is in a semi-
sohd s!ate in the red hot furnace. immediately after the
linal melt.

No reference has yet been made to the method of c!osing
the furnace mouth while the melt is in progress. Generallv
it will hc found that the most satisfactory cover is a slab o?
firebrick.  pa:-titularly  !n cases where the higher temperatures
are I-IXL!I~Y!.  To give access it is lifted oft or pushed aside
wit!1  r!lr tong,<.  The rather obvious idea of tilting the COWI-
backwards agarnst.  perhaps. the foundrv wail is liable to
iroast th; operator. When the melting of iron is in progress
t!le cover lifted ihux radiates  a generous contribution of
white heal.

!-urnacc cover\ oi firebrick, subject as thev are to local
heating,  ar-e VCI-y  prone to crack. it is a rea\ advantage if
!hey are easi!y and cheaply rep!aceable.

IFUEl
Each of the iurnaces so described is intended for the use

o f  sol;,! fLld. This does not exclude the possibility of gas
or oil fin-ing. of course. ‘There is room for experrment in
!>oth  these fields from the amateur point of view. There arc.
howe\:er.  t\\:o  rrather  strong advantages to the suggested USC
of coke. The lir!;t is that. in one form or another, it is a
commodity whit!?  is pretty universally obtainable. Secondly.
where the melting of iron is anticipated, it is probably possible
to obtain a far greater heat wrth simple apparatus than wit!)
either of the other two. In this respect, it certainly compares
weil with oi! firrng.  which requires a special burner as well
as a means of providing blast.

For the purpose of getting down to business, some excellent
work cam be put in using ordinary gas coke. Given an
adequate forced draught. Iron can be melted with ease.
although this requires a temperature in excess of 1.960”F.
Nevertheless, it will he well worth the trouble of anyone
intending to take up foundrywork seriously, to make an
effort towards ohta.ining  a supply of the silvery grey coke
used by industrial (concerns. It burns with greater heat and
a good deal less clinker. The type, known as hard coke nuts
and suppiied for use in domestic boilers, is an excellent

16
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sr!bsutute for foundry- coke. The beginner should not be
deterred by any dithculty  in obtaining what he believes to be
the most suitable furl for the job. Some effort  should first
be made using that which is easily available. After all,
early founders in iron and bronze used wood charcoal !

FOKCED  DRAUGHT

W h e r e  blast is neces’iarv~, there is little doubt that electric
blowers of one form or another. provide the most convenient
answer. Hand forge blowers or large bellows could, of

Fig. 8. Some vacuum cleaners are readily adapted as blowers.

course. be used as an alternative but, since a forced draught
must be sustained over comparatively long periods, it is
obvious that the human energy expended will be rather
considerable. With the fairly high temperature in the neigh
bourhood of the furnace the effort is not going to be
performed in comfort.

Fig. 9. Ex Air Ministry, 230 volt blower.

In cases where electricity, mains or otherwise. is available
then it will usually be a great advantage ‘to obtain some kind

17
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of smail blower. There are many offered, by advertisers of
surp!us equipment, at very reasonable prices for use on low
voltage. Choose a large one for preference even if the present
furnace is quite small. A surplus of air is more useful than
too little.

Fig. 1 I. S l id ing vane blower.

F i g .  IO. Showing ho.v the blast
is led simply into the bottom

opening of the furnace.

Those able to “borrow” a vacuum cleaner from its more
normal function will have an adequate supply of air readily
to hand. Fig. 8 shows the adaptation of a popular type of
vacuum cleaner  which is provided with an arrangement for
utilising the eu!?ausi  as a standard fitment. A machine which
is admirably suited to the job is the low pressure type of paint
spraying blower and, no doubt, there are many workshops
already equipped with such an appliance. Fig. 9 is an example
of a 230 volt blower purchased from Air Ministry surplus.
The motor is rated at one kilowatt, and with a two inch
del.ivery pipe of aluminium flexible tubing, it is able to supply
a very comfortable draught to any of the furnaces discussed.
The simple method of directing the blast into the bottom
openjng of the furnace is illustrated in Fig. 10. A rough,
sheet iron cowl serves to prevent cinders and dust blowing
out the wrong way,

Another kind of blower suitable for furnace work is the
Root, sliding vane type, Fig. Il. Generally speaking it is
the volume of air delivered which counts for foundrywork.
Pressure per square inch need be no more than five pounds.

18



SAND

1.~ c’o,! 1:)  BL that. from an amateur point of view. the
greatest obstacle is the acquisition of a suitable sand. for,
although it is a commodity which forms one of the most
abundant natural deposits on earth. by no means a!1 of it has
the inhel-ent properties which fit it for the preparation of a
RlOilid. N~er~heless,  it is the purpose of this book to show
how a small four?dry can be assembled with the aid of
materials most rcadi:y to hand and, in this respect, sand is
a particular case in point.

Perhaps a choice of sand will he assisted by a better under-
standing of the function required of it. To begin with a
relatively fine grain size is desirable to reproduce the detail
of the pattern. to reduce metal penetration and to impart a
smooth and pleasing appearance to the casting. The sand
must be of a refractory nature to withstand :he high tem-
perature where it comes into contact with the molten metal
and, in a mass, it must be permeable to allow the free passage
of gases generated in the mould during casting. Another
important feature is the property ot the sand to hold the
form given to it by the pattern. This is known as “bond.”

Except. perhaps, where permeability is reduced by an over-
abundance of clay. the first three of these conditions are
usually encountered automatically in naturai sands. There
is, of course, a wide variety in grain size. The matter of
bond, however. is a property which suits one deposit of sand
to foundrywork rather than another. Given a sand which,
though lacking in bond, fulfils the other conditions, this
latter property can be adjusted artificially in many ways.

Many amateur foundrymen get over the difficulty of obtain-
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ing suitable sancl  hq’ making a friendly acquaintance with
someone in the industry. where a hundredweight or so is
never misse& Others will be fortunate in hvmg in an area
where acknoivledced  deposits of foundry sand occur. For
the pLirpose of the home foundry this can be used exactly as
supplieti fr-om the sandpit. Although additions of coaldust
or even horse manure may he recommended hy the Old
Hand there is no real necessity for either, particularly the
Idtier. i n the handling of the relatively smal l  cas t ings
invol.Jetl. A quanti ty of Mansfield  sand ,  which  i s  used
cxtensivcly  in brass founding,  would probably rcprcsent  a
particularly valued aqsct to the small scale foundry.

For others. who may not he so conveniently placed. there
is a case for using sand of any kind from possible local
&posits  and adding to the quality of its bond. Red building
sand is not without,  its possibilities and this mav be strcngth-
cncd hy the addition of natural clay or cvcn iircclay,  I~:hilc
fuller’< earth.  ohtainahlc  from any chemist. can also Oc put
IO g o o d  elr‘cct.  ‘I’hC latter. u n d e r  the name of F~tlh,itirl.  is
supplic~!  in varioLis g r a d e s  p a r t i c u l a r l y  suited to fountir>
requirements and is  also valuabic as a rcgcncrating  agent
for used sand which has hecomc lacking in bond. Sea-shore
sands. usually referred to as siiica sands. can he --..and are
used for the purpose of moald making. Inllustriall~. sea-
shore sant!:;  arc used estcnslvcly  in the making of cant1 cores :
largely because oi their permeability and because they possess
little or no natural bond. The latter fact may appear as a
paradox where the matter of bond is of such prime impor-
tance but. in that case the bonding agent. usually organic.
burns away on casting and the core empties freely when the
moluld  is shaken OLII.

Sea-shore cand most suited to nioiilding  ptlrposes is ~suall>
of the “wind blown” variety which forms the sandhills round
our coasts. For best results it should he free from particles
of shell, which are not so refractory as the sand itself. Again.
in grain size. sea-short sand varies considerably between one
area of coast and another. One is as fine. almost. as pepper
and another is much too coarse to be used at all. Among
the localities recognised  as sources of supply for example.



Fig. 12. A test  for the plasricity of moulding sand.
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Fig. 13. Temper ing  moulding sand with rake arld s ieve .



!. Castings prndt!ced  qCte easdy IP the s m a l l  fsundry f r o m  the p a t t e r n  on t h e  r i g h t

3 .  P!umbago  crucib!es. The one
on the Icft has reached rhe end
o f  i t s  l i f e .  T h a t  o n  the r i g h t  i s
unused.

4. T h e  “Talbard.’ mou!ding  b o x .
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a drop-out UCCUI-s.  Sand which is too wet will usually
reveal itself when the mould erupts like a miniature volcano
as ‘joon  as the mrta.1  enters. Such a condition can, of course.
be da,ngcrous.

AMhods of tcmpet-ing the moulding sand will, of course,
vary but one. of gr-eat convenience, is to spread the sand
about an inch thick over an area of floor and. after sprinkling
with water. mix thoroughly with a garden rake. It is usually
quicker anti more cKective  than using a shovel. The sand
should al! he passed through a quarter-inch mesh sieve after
mixi;lg and it .wi!i be an added advantage if it is !eft to stand
for half an hour or so before moulding commences.

When the mould is prepared thus and used in its damp
state to receive the metal the process is known as green sand
i*lolultling  and tilt strength of the sand is known as its green
bond. Some:imcc. hcwever, a mould is dried out, tither fully.
in an oven, or pa~rtially  (skin dried) by the application of a
name from a gas torch or other. Another form of skin drying
is the “shell” mould. Ann industrial application, where the mould
is rammed up on a machine using a heated, metal “plate”
pattern. The sand coming into contact with the pattern is thus
given a h:ud skin or shei:. with added strength for resisting
the erosive action of the incoming metal.

011.  S A N D

Where a mould is intended for drying out by baking it is
usual to make it from oil sand. Sometimes the oil sand is
used only for facing, as it is comparatively expensive, and in
that case it is packed round the pattern and the rest of the
box is tilled in with green sand. Oil sand is used, also, for
coremaking, particularly in the case of the type of core used
in the production of light machine parts and model castings.
At the same t.nne  it provides a particular problem for the
amateur because oil, sand cannot, satisfactorily, be mixed by
hand.

LJsually the basis is silica sand to which is added a proportion
of a synthetic bonding agent and water. In actual fact, although
the designation is “oil sand” the proportion of oil actually
used in the mix is usually only about half that of the moisture
content and smaller, also. than the proportion of any additional
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bonding agents which may be employed. Having no natural
adhesion.  the silica sand must be reinforced with a material
to form irs green bond and, after baking, its dry bond. In the
former case the addition  may be molasses. dextrin or a pro-
prietary core gum or cereal binder and, in the latter, a drying
oil. SLICK  as boiled linseed oil. is used. Sometimes a proportion
of red moulding  sand is used M:ith the silica sand with a view
to varying the condition and strength. in the green or the dry
state ai the cast may be. and the amateur will also find room
for experiment in this respect.

A typicai  formula for oil sand would be in thz nature of
one hunclred\vcight  dry silica sand. two pints water. two pounds
dcxtrin and one pint linseed oil. Of course, the quantity
required at any one time in a home foundry would be very
much less than this and. in all probability. if fourteen pounds
of sand were used. with the remainder of the ingredients pro
raiio. the hulk would be ample. The mixed sand will keep for
a considerable time in a closed and air-tight tin and the slight
mould which forms on the crust is of no detriment.

While the remaining ingredients are common enough, dextrin
is one which may be something of a problem to procure. It
appears disguised by one name or another as a product of a
nurnher  of firms specialising  in foundry supplies and, in its
usual fol-m  is in the nature of a strong gum (British gum).
:A very convenient form of the material and one which is
readiiy obtainable. is marketed under the name of Dcxrrin~,
and can be purchased, along with the linseed oil from the
usual paint stores or oil shop. With it, a very useful form of
oil sand can he prepared as follows.

An eighth of a pint (2+ fluid ozs.) of linseed oil is added to
fourteen pounds of sea-shore sand tipped on the floor and the
two combined. as thoroughly as possible. with the aid of a
trowel or small boiler shovel. The oil will be found to mix in
readily enough. Half a pound of Dextrirzc is made up, in
accordance with the instructions on the packet. with a quarter
pint of water and, a.bout half the resultant quantity of gum, is
added to the sand and mixed in. At this stage the result will
be anything but satisfactory, being composed of clots of gluey
sand and ‘much  loose stuff very difficult to amalgamate. The
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Fig. 14. The use of a portable electric drill for the mixing or
” milling ” of oil sand.

amateur will begin to appreciate the value and importance ot
the mechanical methods of mixing available to the professionai
foundryman.

If. however, he possesses an electric hand drill of the Wolf,
Black and Decker or similar type, he has an admirable
substitute close at hand. About half the above quantity of sand
is conveniently dealt with at a time, where it is contained in a
small bucket or empty paint tin. Fig. 14. The simple beater
show.1 is bent from a length of quarter-inch diameter, mi!d
steel rod and the revolving drill is passed round and round
inside the tin when, in perhaps two or three minutes, the sand
will be quite thoroughly mixed. The second lot can be treated
in the same way and, if it is then found that the mixture is a
little dry, more of the Drxtrine  gum can be added and the
process repeated until the correct consistency is obtained. In
any case. repetition is more valuable than otherwise. The sand
cannot really be over-mixed.

To explain the matter of the correct consistency of oil sand
is a problem. Anyone who has had access to a quantity of
it from a foundry will have some idea what to expect but, for
others, it will probably be best to compare its characteristics
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with those of ccmincn brown sugar, except of course that it
is not sticky. It feels soft and smooth aud, when the hand
is pressed into it. it holds the form. If it sticks to the hand at
all either ineffective mixing or an overabundance of moisture
or gum is indicated. When finaily turned cut of the can after
mixing it should stand up in a soft, but firm, cake.

Sand so prepared may be somewhat lacking in green strength.
Improvement in this respect can often be etiected by the use
of upwards of fifty per cent of red moulding sand with the
silica sand cr. alternatively, by a small addition of fuller’s earth.
The fcundryman can often make adjustments in this way
until he has a material rntirelv to his liking. On the other
hand, the dry strength after baking may he found to be greater,
in the case of the mixture made up entirely from silica sand,
than it is in the modified version.

Moulds and carts made from oil sand may be baked, quite
etfectively,  in an ordinary domestic oven. For best results
the temperature should be round about the 400°F. mark--
the temperature required for cooking meat. The baked colour
will be somewhat darker than the sand in its green state and
the surface of the core should be quite hard when tested with
the fingernail.

W h e r e  facilities for making oil sand at home are not
available to the amateur. or when a particular!y  exacting core
or mould is being attempted. it may be an advantage to obtain
a quantity ready mixed, either from a local foundry or from
a supplier. At least one firm (see page iii) will supply a high
qua!ity sand in quantities as small as a quarter-hundredweight.
It is ready for use and will keep for a long period in an
airtight receptacle, and, when twenty-eight pounds will make
many, many cores, it cannot be regarded as a great expense.
The method of drying cut is the same as that employed with
home mixed sands and a temperature of 400°F. is equally
correct. The sand is baked until it is an even, chocolate brown
in colour.

LOAM

Occasionally the amateur foundryman will be confro;lted
with a reference to loam (colloquially “loom”) moulding. It
is a technique outside the scope of the home foundry and
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usually describes the material used in the preparation of

moulds and cores associated with “pit” moulding which is

carried out on the floor of the shop, and deals with castings to
upwards of many tons. Loam is a synthetic moulding
material composed of sand which has been finely milled, and
an addition of chopped straw, horse manure or wood sawdust.
Occasionally, horsehair is added to improve its tenacity. The
work is highly skilled and moulding is largely carried out, by
hand, from templates or “strickles,”  as they are called, rather
than patterns in the usual way.

BLACKING

The use of powdered graphite or “ blacking,” also called
plumbago, applied to the surface of the impression in the
mould has the effect of assisting the flow of metal. It also
imparts a higher finish to the casting than would occur if the
metal were brought into intimate contact with the sand. The
tendency of the latter to adhere to the surface of the casting
is also much reduced. Graphite is normally used as a mould
dressing for iron and cuprous alloys. Aluminium is frequently
poured into uncoated moulds.

Green sand moulds are dusted with dry plumbago, which is
normally contained in a little cotton bag for the purpose.
The bag is shaken over the mould allowing the powder to fall
and penetrate the cavity. A useful alternative is a fine, kitchen
sieve or strainer, which is tapped lightly with the finger to
release the graphite. When powdered plumbago is used as a
dressing for cores and dry sand moulds, it is usual to mix it
with water and apply it with a soft brush. The core or mould
is then dried off again before it receives the metal.

Powdered graphite is obtainable from crucible manufac-
turers. Another form of refractory mould coating is composed
of graphite or other material suspended in a liquid, usually a
spirit, base. This is most conveniently applied by spraying
and is suitable for application to, either, green sand or dry-
sand moulds and cores. Grades suitable for ferrous’and  non-
ferrous metals and light alloys are available and they have the
added advantage of being inflammable. They are ignited after
application and impart a skin-dried effect to the mould.
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PARTING SAND

Sand which has been burned loses its bond. Thus a sprink-
ling of burned sand is applied to the joint face of the mould,
before ramming up the cope, so that the two halves will come
cleanly apart. Dry sea-shore sand may also be used for the
same purpose while there is, occasionally. a case for separating
a motiltl by means of strips of newspaper.

Special parting powders, which perform most efiiciently  and
which may be composed of bone dust or produced from
gypsum, are available and it is well worth the trouble to
procure one of these as work progresses. Sometimes they can
be of particular value. when dusted over a pattern, to assist in
a clean withdrawal. In the making of oil sand moulds and
cores liqrtid parting so applied, by brush or spray to the
pattern or corebox.  is exceptionally useful in affording a clean
strip. This again. a water repellent liquid. can he obtained
from firms of ‘foundry suppliers. When spraying liquid parting
or applying liquid dressings to the mould in the same way. it
is advisable to wear some form of respirator. If the only
actual ill effect.  the nasal irritation can he very bad !

Fig, 15. The use of a spray gun for the application of refracrory
dressings to the mould.
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FORTZ.AND  CEhlENT

Perhaps, before leaving the chapter on moulding sands
completely, a brief reference to one further technique will
not be out of place. It may be of interest to some. not very
convcnicntly placed with regard to the more orthodox sands.
to learn that ordinary Portlnnd  Cetnen? can be and is used as
a bonding agent. Known as the Rmdup.sorr process, it
concerns the use of silica sand mixed with ten per cent cement
and, approximately. five per cent water. Moulds should be air
dried for twenty-four hours and may then be dried out more
rapidly.



C H A P T E R  F O U R

MOULDING  BOXES

FOR THE KIND of work likely to be encountered in the small
scale foundry, the sand is rammed into a pair of moulding
boxes to form the mouid.  The pair of boxes are known as
the “ flask,” which is composed of a lower box (the “drag “)
and an upper box (the “ cope”). In foundries, flasks can be of
cast iron or fabricated from sheet metai. Nevertheless, an
excellent substitute for the metal box can be made from wood
and contrary, perhaps, to first impressions, there is virtually no
risk of scorching, even when iron is poured to within half an
inch of the sides of the box. The moulding sand is such a good
insulator. Being much lighter in weight than the metal flask,
special attention must be paid to weighting the top of the
mould when anything like a substantial section of casting is
being poured. Otherwise the cope will probably lift, with a
loss of metal, damage to the box and the waste of a mould.
Perhaps it is useful to acquire a habit of weighting the boxes
every time. At least one possible source of failure is thus
eliminated.

A suitable form of wooden. flask is illustrated in Fig. 16.
This is of a most elementary nature and simply nailed or
screwed together from rough sawn timber. Even if an improved
appearance is imparted to the outside by planing, it is stil!
desirable to leave the inside rough as a key to the sand. Where
planed wood is used it will be advisable to gouge grooves on
the inside as an alternative, Fig. 17. The small, battened
board underneath is a handy addition and comes in useful for
inverting the mould, when that is necessary, and for carrying
the mould about.

Fig. 18 shows the arrangement of dowelling. A beheaded
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Fig. 16. A very simple type of wooden mculding  box or “Flask.”

Fig. 17. Grooving the inside of the box.

Fig. 18. Locating pin.

nail is driven into t,he edge of the cope and a corresponding
hole bored in the drag to receive it. It is an advantage if this
latter hole is bored clean through the wood to allow any sand,
which might otherwise clog it. to drain straight through. The
purpose of the dowels. of course, is to afford e3act location
to the two box parts. ensuring that the two halves of the mould
register accurately. This method of dowelling is render-ed
more exact. and less subject to wear, if the drag is reinforced
with a small metal plate. Fig. 19.
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Fig. 19. Metal plate to c-educe wear.

A more elaborate form of wooden moulding box is shown
in Fig. 20. Obviously, as the size of the box is increased, so
aiso must be its strength to carry the additional weight of sand.
A hox ten inches square Mary be close to holding a quarter of
a hundredweight. Similarly, while it is a simple matter to close
one of the smaller boxes by first registering one dowel and,
by lowering the cope by degrees, bringing the other dowel into
line with its socket, when a similar technique is employed
with a heavier box, the supporting of the added weight can be
Fatiguing,  just at a time when there is little margin for error.
‘The type of dowel shown here keeps the pins within the range
of vision of the moulder,  while he stands over the box and
closes it more comfortably, Fig. 21. Once the ends of the
pins arc engaged the register is effected automatically as the
cope is lowered.

Fig. 20. A convenient type of box for larger moulds.
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Fig. 21. Closing a large mould.

The brackets holding the pins are cut from a section of
angle iron and secured to the box side with screws. A con-
venient size of pin, which wi!l probably clear the most
irregular parting line likely to be encountered, would be about
two inches long and turned from a piece of Q” diameter steel.
A quarter inch hole is drilled in the cope bracket and the gN
steel is turned down at the end to fit it, with a little additional
length to the spigot for riveting. Location will be assisted by
giving a substantial chamfer to the other end which, of course,
fits into a +” hole in the drag bracket, and is given a
comfortable clearance, Fig. 22.

Lifting handles can be provided to advantage. A simple
type of handle is illustrated and takes the form of a staple,
bent from quarter inch diameter steel rod and screwed at each
end for nutting to the sides of the box. A useful location for
these handles is directly over the pins, Fig. 23.

THE “ SNAP ” FLASK

Gaining in favour in mechanised  foundries and capable of
adaptation on a small scale, is the type of moulding box known

34



F O U N D R Y W O R K  F O R  T H E  A M A T E U R

Fig. 22. A pin with angle.

-.

iron bE&ltets. Fig. 23. Bow handle.

as the “ snap ” flask. In this case the box parts are made in
such a way that, after the mould is assembled and closed prior
to pouring, the flask can be removed leaving the sand mould
standing on its own. In that way the moulding box can be
used over and over again, an unlimited number of moulds
being made from only a single pair of box parts. The economy
of boxes is offset to a certain extent by the extra trouble
entailed in making them ; in fact, the cost of such flasks when
metal ones are purchased, mav be four times the price of the
ordinary type, but the system is particularly advantageous
when applied to moulds which are to be dried or baked.

Shown in Fig. 24 is a form of wooden snap flask which can
easily be made at home. The box is hinged at opposite corners.
One hinge of each part is provided with removable pin so that
the sides swing outwards when it is required to remove it from
the mould. The corners at A are reinforced with metal angle
straps or a sh,ort length of angle iron. The register pins could
be similar to either of the examples shown, according to the
size of the box.

When using a snap flask it is advisable to keep the pattern
well within the mould. The half-inch margin previously
referred to is rather less than adequate when the sand lacks the
support of the box sides and the risk of break through is
increased. Normally about double the usual amount of
margin is allowed and obviously conditions will depend upon

the weight of the section of the casting and the metal to
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Fig. 25. Brass founder’s flask.

be poured. It is rather a matter for experiment. Perhaps the
most obvious application of a snap flask is in the preparation
of baked sand moulds, where the box parts are removed and
the sand alone conveyed to the drying oven. Where the halves
of the mould are required to be handled separately after
drying, for the assembly of cores and so on, hand holds are
provided in the moulds themselves as also are locating dowels
inserted in the joint faces.

When making any kind of moulding box, it is worth while
obtaining a hush and smooth lit between the two halves. The
sand will thus be rammed in solidly all round and the risk of
stray particles falling into the mould is much reduced.
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Flasks Car brass founding traditional1.y  take a different form.
In that case two backing boards are provided and clamps are
used to hold the parts together. An exampie is iilustrated  in
Fig. 23, which also shows how the metal is poured through
holes in one end of the box. The extended pouring gate serves
as a trap for foreign matter entering the mould and a good
“ head ” is provided by the length of the box.

.METAI.  MOULDING  BOXES

Tn the ordinary way the amateur engineer would never hope
to make for himself all the equipment needed to carry on his
hobby. So it is, also, with the foundryman althaugh,  so far in
this book, only crucibles heave been referred to as being a
“ must ” for purchasing. An enormous amount of work can
be done with the kind of wooden boxes described b&t, there
is always the chance that, progressing to the stage where, from
the point of view of interest, foundrywork becomes something
of an end in itself. the amateur may feel the possession of a
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number of regular moulding boxes would be both a pleasure
and an asset. Such may be of cast or fabricated construction
and, in either event, are likely to be somewhat costly. When
we compare with machine tools for the amount of work they
are abie :o do, nowever, the outlay in this respect will amouni
to ormly  a fraction of the cost of his other equipment. Metal
boxes would last a lifetime in the home foundry. built as they
are for heavy duty in an industrial concern. and thus the
newssity for repairs to a box. just at a time when all is set
for work to proceed, would not arise.

Fiasks  of a size likely to find favour in an amateur shop are
not common but illustrated is an example of the Talbard type
moulding box, fitted with removable pins and bow handles,
which is supplied in sizes from 8” x 6”. with a minimum
standard depth of two and a half inches.
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MA’I-ERIA1.S

INDusl’I:lAI~.l~.Y,  AND DOURTLESS  also at  the amateur level,
a variety of materials can be employed for the making of
foundry patterns. Metal, wood and plaster to mention three
and there is little doubt that synthetic materials such as
plastics and lihre glass can now play a part. For the purpose
of this book, however. the wood pattern is regarded as the
basis of the amateur foundry for, even to those with a
limited knowledge of carpentry the material is simple and
convenient to handle.

In more recent years, following the post war period of
permits and scarcities. timber of varying kinds is now freely
available. Balsa-wood, of course (though this is a little soft
for pattern making). resin-bonded ply in thicknesses from
about 1/32in., ramin. obeche and spruce as well as many
others, are now available from model shops and “ Do-it-
yourself ” stores in convenient cut sizes and innumerable
sections. At home i.e. in England, at least, the patternmaker
can choose the exr;ct thickness of timber he requires for
the job in hanci, usually with a fully planed fimsh.

For a pattern intended for a long “run” a hard-wood
would be chosen. Patterns for the usual “ model size ” johs
can, however, very convenierttly be made from oh&L: using
a “ model-aircraft ” technique and balsa cement. This
timber, intended possibly for model boat builders, is
available, like balsa-wood, in strip and sheet; can readily
be carved and turned if necessary, cements easily and firmly
and can largely be cut with a knife and a rule. Sheets of
obeche as purchased have a straight edge and a smooth
surface, on which the design of the casting can be drawn
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Fin
of&

26. Pattern making for small engineering projects can
be reduced to table-top proportions-in the manner of

model aircraft construction.

with great a c c u r a c y . Relative points on a flat surface can
be loc~~tetl  with conlidence ; allowing. of course. for shrinkage
where the size of the casting demands an allowance. Where
sma,ll  radii are rcquir~d  these can oiten be formed satisfac-
torilv  f r o m  t h e  cement  i t s e l f  a n d  s m a l l  detai!s a n d  e v e n
letreiing can he :i&icd  Kiih great  laciiity. Criiuiose  dupe
sanding sealer produces a g o o d  iinish a n d  h a r d e n s  t h e

surface.

This is indeed .’ table-top” carpentry. A fine saw and a
craft knife are about the only tools needed. a!though a

Fig. 27, A round nosed tool employed for shaping plastic
wood fil!ets.
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small plane whose blade has been carefully honed and
“ stropped ” to a razor edge car often be an asset. A jig-saw.
a fine bandsaw (as iuxuries) 07 1 simple hand fret-saw may
be needed for cutting intricate shapes in the ,thicker sections
of wood. Modelling pins and even ordinary laundry spring
pegs can be pressed int<>  service for holding parts together
while the cement, sets.

The maker of miniature foundry patterns will 21~0 find
useful a selection of ordinary dowels up to, perhaps, the
half-inch or three-eighths inch d,iameter. Uses for these are
described later in the chapter.

As far as t,he amateur is concerned the golden rule is,
probably. to keep all patterns as simple as possible. The
foregoing, however. should not be taken to mean that the
results of his eRorts  should be crude Andy  uninteresting.
On the contrary, there is no reason why a model built from
home-made castings should not be just as handsome as the
full-size protoype.  Being so very much smaller in dimensions,
however. a part may often be produred quite solid, for
example. where the corresponding part in full scale may be
elaborately honeycombed with cores. If a core is essential,
use one I Otherwise. make the pattern plain.

If a saw is uced. an extra fine blade makes the ultimate
finishing of the cross-cut edges a good deal easier and this
is usually important. The edges of the pattern are frequently
the parts tvhich must later be drawn from the sand.

A knowledge of carpentry is hardly necessary for this kind
of pattern making. Indeed, almost any method is permissib!e
providing the finished object is accurate and aouldable. One
essential is good finish; not so much from the point of view
of appearance as from the fact that a smooth surface wil!
leave the sand cleaner. More attention must be paid to some
parts of the pattern, in this respect, than to others and in this
ma.tte: experience teaches. Often a pattern, which fails to
draw cleanly at first, can be adjusted and smoothed in diflicult
places un.til  it is quite satisfactory.

Plastic wood can be used to very good elect in forming
radii, building up details and levelling  hollows and a good,
strong glue or cement is indispensable. Ordinary dressmakers’
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pins with the point.s snipped off are often less likely to split
the thin wood than even the finest gimp pins.

CONSTRUCTION

Some typical examples of amateur pattern making are given
in Figs. 28 to 37. The first is the construction of the pulley
whee,i  pattern shown in the photograph, Fig. 38. It is built
up from !aminations  and it will be noted that the hulk of the
detail is on one side of the wheel. The feature is not an
essential one but it does, materially, affect the ease with which
!hc pattern can he rnoulded. The point is that the more
complex side of the pattern is embedded in the lower box
leaving practically a clean draw when the upper box is listed
off. It i:: :he kind of thing which can be embodied in the design
of a model at the drawing board stage. The alternativz would
he to split the pattern i.e., separate the middle laminations as
in Fig. 29, a wide pulley with “cross” section spokes. The two
parts can be held together in the mould hy means of the
central peg anal  the extra dowel to locate the spokes.

It will be seen that, in the case of the former pullev.  no pro-
vision has been made for casting in the groove, which would
require :he use of a core. It is anticipated that such a pulley

Fig. 28. Construction of pattern for V pulley.
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-

WXE D~RCC!Ttl?SWKE,.

Fig. 29. Split pattern for flat belt pulley.

~rould be employed with an endless vee rope and, ,that being
so, it would be desirable to turn the groove in the casting;
accurate to the 40” angle and concentric to the bore.

Very often, where a pattern is required for, say, a steam
engine cylinder or a similar compact object, the natural
tendency is to make it from a solid piece of wood and carve
out the detail,. Nevertheless, when one becomes used to the
idea of the built up pattern, this will often prove the more
satisfactory method, as well as providing for construction of
a much more accurate character. Fig. 30 gives constructional

SPLIT

Fig. 30. Pattern for cylinder of small locomotive.
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detaiis  of a cylinder suitable for a miniature locomotive. The
base of the cylinder, where it is secured to the fram; / L nd the
valve face are pinned and glued at right angles. The cylinder
itself can conveniently be turned to the diameter required,
which will leave just the correct amount of metal round the
bore. The bobbin is turned to the same length as the base and’
each end flange is impaled by a coreprint. When the pieces
arc assembled as the section shows, plastic wood is applied at
the places indicated and the pattern is split through with the
aid of a tine saw to separate the halves for moulding.

WS CtZAll  OF fADERSIDE

Fig. 31. Laminated construction of pattern for cylinder.

Fig. 31 shows the construction of a finned, cylinder pat,tern
for a 3&c., two stroke, petrol engine. The main bulk of the
pattern is first built up of laminations sawn out to the cross
section. Thus, the flange at the base is a square piece, the
cylinder below the finned portion is a series of small discs and
the upper part is built up of larger discs. Other details, such
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as transfer passage and exhaust and inlet stubs are added
afterwards, when the pattern has been trued and the fins
turned on the lathe. The whole is then split down the middle
with a hne saw.

The number of discs required. of course, depends upon the
thickness of the timber and. for the finned portion of the
cylinder. this vvvjll  he most convenient if it is equivalent to the
distance between the hns. If the laminations zre firmly glued
under pressure, however, and allowed to set before turning,
the above point is not important. Each lamination is drilled
through its centre, +“. and the whole lot glued and bolted
together. A convenient form of bolt, where the turning is to
be carried out on a metal-working lathe, is shown in Fig. 32.
The taper of the fins  is somewhat exaggerated in the drawings.

Fig. 32. Pattern threaded on a bolt for turning Ens

After the turning has been completed and the fins cleaned
up with sandpaper, they require very careful attention in this
respect, the boit is removed and a length of dowel glued in
its place. Details can be affixed and plastic wood applied,
where necessary, to form radii. A junior hacksaw is useful
for slitting the pattern and, if a couple of holes for dowel
pins are drilled clean through the cylinder beforehand, there
will be no dificulty  about obtaining an accurate register of
the two halves. When the pins have been fitted the holes
in the outside of the pattern can be stopped with plastic
wood.

Another form of pattern which can prove quite a problem
is that for the light alloy casting of a crankcase. When the
iaminated form of construction is applied, however, it resolves
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into quite a practical proposition. One example is given in
Fig. 33 and, here again, it will be seen that the pattern is

Fig. 33. Pattern for crankcase with overhung crank.

built up from a se,ries  of rings and discs. The two r ings,
whrch form the centre flanges between the two halves are best
cut out together. This will ensure a perfect match when the
castings are ultimately machined. In the case of smaller
models it will be found convenient to cut the middle section
of each half from a single thickness of wood and to set over
the table of the saw to provide the “draught” angle and
taper. Fig. 34.

Fig. 34. Saw table set over for forming draught angle.

Very important on a crankcase is the provision of the bolt
“ pads ” on the periphery, through which pass the bolts for
retaining the two halves. Quite obviously, they must be in
line with each other on the pattern if a good deal of ,trouble,
if not complete disappointment, is to be avoided when the
castings are paired up for machining. One suggestion, which
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will guarantee results, is to clamp the halves of the pattern
together temporarily, and add the pads in the form of
appropriate lengths of dowel of the diameter required. Fig.
35. These can be secured with glue and pins and, when hard,
sawn through to separate the parts of the pattern.

Fig. 35. How to obtain alignment of bolt pads.

With crankcases of larger engines, up to 30 or 5Occ.
capacity, it is quite a practical proposition to core out the
interior fully, using either self cores, where the pattern is
hollowed accordingly and leaves a greensand core in the
mould itself. or separate cores of bakecl sand. Wherever
practicable, of course. the former plan is preferable. With
engines of smaller capacity, however, where a wall thickness
of say, three sixteenths or a iluarler  inch would be excessive,
the crankcase pattern can be made either partly cored or
quite solid. The wall thickness may then be reduced to as
little as a sixteenth if required, when the casting is
subsequently machined.

Fig. 36 shows the pattern of a crankcase for a twin cylinder,
four-stroke engine. In this case the pattern is made hollow
to leave its own core and the use of a separate core, to clear
the camshaft, is avoided by providing for camshaft clearance
to be machined from the crankcase wall. The flywheel housing
is shown as a separate pattern designed to incorporate the
rear main bearing. In this case the main construction is box-
like, with engine bearers and other details added. The oil
filler stub is shown as a loose part to be withdrawn from
inside the pattern before rapping. The indentations in the
sand on either side of the pattern show how the parting line
has been adjusted to take care of the bearers.
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Fig. 36. Details of pattern for crankcase.

Fig. 37. Handwheel
pattern.

Fig. 38.
Pattern
for
engine
flywheel.
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As a change from the laminated and built-up construction
of a pattern, Fig. 37 shows the pattern of a handwheel, of
quit- modern design, which has been carved, almost entirely
from the solid. As the centre of the wheel is well “dished”
this probably represents the simplest method. Here the wheel
is, first of all, turned to section on the lathe and the spokes
drawn on and pierced afterwards. When turning on a metal
working lathe. a beheaded woodscrew is used, held in the
three-jaw for chucking. The extended boss is the,only addition.

Fig. 38 his the flywheel for a horizontal steam engine and,
in this case, the laminated f,orm of construct,ion  has been used

Fig. 39. Pattern for loco wheel.

again. A different feature, however, is the way in which the
centre disc, comprising the spokes, has been built up from
segments to avoid a cross grain in any of them. The method
is quite as effective and a good deal more simple than the
assembly of a wheel from separate spokes and felloes. The
segments are cut out first and glued edge to edge. The riin is
formed by the addition of a ring on ehher side and the hub
by two discs in the same way. The outline of the spokes is
drawn on the segmented circle after the glue has set and they
are cut out as if from a single piece of wood. The spokes are
afterwards carved and sanded to oval section.
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RIB INDiATED BY
CR051 GRAlNlNG

Fig. 40. A drilling machine headstock pattern.

A similar technique is employed with the next example, a
locomotive wheel shown in Fig. 39. In this ease the spokes
are oval only at the front; the back of the wheel is flat.
Balance webs can be varied on different pairs of wheels, if
necessary, by the use of loose pieces. Two are cut similar to
the segment shown and they are clamped together at the back
and front of the wheel by means of wood screws, passed
between the spokes. Paraffin wax, or modelling wax, is used
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to fill in and radius off, temporarily, the spaces between webs
and spokes.

PI quite different form of construction is illustrated in the
drawings of the drill headstock shown in Fig 40. The basis
of this is a piece of wood, three-sixteenths of an inch thick,
sawn to the outline at A to form the web. It has projections,
a, b and c, which are inserted and glued into slots in the com-
ponents R and C. Each of the latter is turned to include core
prints in the one piece. Two sets of the ribbing are cut out,
simultaneously, on the jigsaw and one is glued on either side
of the web. The boss, D, is built up of discs. The example
shown was made as a solid pattern. Moulding would be greatly

Fig. 41. A template used for moulding  pattern.

facilitated by making it as a split pattern, although this would
entail a good deal more work in the pattern making stage;
probably unjustified if only a very limited number of castings
were required.

For repetition work, patterns of this nature are usually made
as “plate” patterns. That is, a half pattern is mounted to
register exactly, on either side of a flat, thin board. The des-
cription “plate” is perhaps more applicable to metal patterns
made in this way and associated, usually, with mechanical
methods of moulding. The difficulty presented by the oddside
is, however, avoided in this way and such a pattern is loosened,
after ramming up, by rapping the exposed ends of the plate
before opening the box.
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As it is anticipated that few amateur foundries will normally
handle repetition jobs. the solid pattern will probably prove,
to all intents and purposes, quite satisfactory. Very often the
more difficult “oddsides” (the word is used here to describe
the rvpe of pattern, whereas it would be more correctly applied
to the moulding technique), can, be moulded more easily by the
use of a rough, wooden template such as is shown in Fig 41.
Here it is used in conjunction with the pattern for the body of
a spray gun. which is itself a particular illustration of the
value of the amateur foundry. An illustration of the same gun
in use for spraying moulds is depicted in Figure 15.

Fig. 42. Example of a large cylindrical pattern.

The pattern is placed on the moulding board and made
approximately level by packing up with small strips of wood,
etc. The template is fitted round it and this, also, is packed up
in a similar way to bring it roughly level with the centre line
of the pattern. The inverted drag box is superimposed in the
usual way and rammed up. When it is turned over, the tem-
plate is removed, and the parting line fettled in with a trowel,
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Fig. 43. Casting spoiled by local contraction.

bringing the mould to the usual stage where it is dusted with
parting sand or powder, prior to the addition of the cope.

Large cylindrical patterns can be built up in the manner
shown in the drawing (Fig. 42) which is the pattern for a cast
aluminium petrol tank, such as may be fitted to a lawn mower
or a stationary i.c. engine. The domed ends are a series of
laminations as previously described for many of the other
patterns. The centre section is built up on two hexagonal
formers and, afterwards, skimmed off on the lathe to ‘the dia-
meter required. Filler neck, outlet boss and bracket for
mounting are added afterwards and all interstices are filled in
with plasnc wood. The pattern is finally split with a saw;
the two halves, afterwards, being retained with dowel pins.

CONTRACTION ON COOLING

A point about patterns to which no mention has yet been
made, is the normal procedure for providing a.n allowance in
the measurements to take care of contraction in the casting
when the metal cools. In the ordinary way a casting in
aluminium will contract at the rate of, up to, a quarter inch to
the foot of pattern according to the section. Iron at the rate
of one eighth inch to the foot, with most other alloys some-
where between the two. It wi,ll  be appreciated that where
castings for model making and so on are only a fraction of a
foot in any measurement, the actual allowance due will only
be quite small. Frequently, therefore, it will be found that,
where a casting is to be later machined, the allowance for
machining, if made on the generous side, will be sufficient to
take care of shrinkage as well. Obviously this dismissal of the
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problem will be governed to a great extent by the form and
design of the casting contemplated and more attention will
have to be given to the matter when a casting has, say, two or
three bolt bosses, to be accurately located, spaced some six
inches apart. A linear contraction allowance would then be a
necessity, but as a rule, the worst effect of contraction that
the home worker will encounter is the kind of local shrinking
or dimpling which sometimes takes place in the thicker sections
of a casting.

The fault becomes manifest in castings in aluminium and
cuprous alloys where it is a problem which confronts profes-
sional and amateur alike. The shrinkage must take place
somewhere when the metal cools and it should be the policy
of the moulder, where possible, to cause it to occur away from
the main body of the casting. The provision cl a down runner
of large diameter is a. contribution in this direction. While the
outside of the metal in the runner solidifies the centre remains
liquid long enough to “feed” the casting. Methods of feeding,

Fig. 44. Building up a section with plastic wood.

however, belong to the chapter on moulding. As far as the
problem concerns patternmaking it may be of some assistance
to build up such doubtful parts of a pattern to make allowance
for the shrinkirg.  A siight ovality on the upper side (as cast)
of a cylindrical section of pattern, for example, will often
prove an answer. Fig. 44. In the case of wheel hubs and other
heavy bosses cast with a vertical axis and without coring the
remedy is. often, simply to extend the boss by the thickness of,
perhaps, one lamination. I hus the increase, with contraction
flaw, can be malchined away afterwards.
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CORES AND COREMAKING

R EFERENCE HAS BEEN made a number of times to cores, core-
boxes and coreprints. The following chapter deals with the
kind of core which is made quite separately from the mould
and is placed in the cavity after the moulding process has been
completed. In sand moulding and even, occasionally, in some
classes of die casting, where a permanent, metal mould is used,
cores are made from sand of a special mix, such as has already
been described under the heading, “Oil Sand.”

Sand cores are ,produced in different ways. By extrusion,
for example. by moulding in a corebox  and by building up
over a metal former. In the class of work undertaken by the
amateur foundry, however, the moulded type of core will,
al-most certain!y. predominate. A corebox in, perhaps, its
most elementary form, is shown in the illustration, Fig. 45.
This is made in wood, in two parts, which are registered
together by the pegs A and A, and produces a straight,
cylindrical core such as may be employed in moulding a steam
or petrol engine cylinder or for the drill headstock shown in
Fig. 40.

Two rectangular pieces of wood are cut, of a length equal
to the length of the core required, and of a depth to allow
for gouging out the semi-circular troughs. The two rectangles
are matched and drilled through at ,the points indicated for
fitting the pegs. A circle is scribed, of appropriate diameter,
at either end while the halves are registered; separated, the
circles are connected by ruled pencil lines across the face of
the wood. The template B is used as a guide to gouging.

In use, the two halves of the box are brought together and
held by the fingers of one hand (or, in the case of large or
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Fig. 45. Simple corebox with template.

Fig. 46. Showing how a sand core can be
vented and also reinforced with wire.

YfNT
, WIRE

ungainly boxes, by means of a clamp), while the coresand  is
pressed in with the other. The box is held, vertically, on a
flat surface, for ramming, so that the lower end is closed and
the sand is fed in httle by little and packed down progressively.
To release the core, the box is rapped vigorously on either side
when it can be lifted or rolled out on to the drying plate.

When they are baked, small and simple cores will be strong
enough to support themse!ves and, generally, they will be
&ficiently  permeable to allow for the escape of the gasses.
Nevertheless, the habitual reinforcement and venting of all
.cores,  large or small, intricate or simple, can be a valuable
insurance against possible failure on either count. Reinforce-
ment takes the form of wires, or even nails, either placed in
the box during ramming or pre.ssed  into the core afterwards.
The core can be vented with the aid of a pointed wire, about
an eighth of an inch thick, which can be forced in and then
withdrawn. An alternative is a length of well waxed cord
embedded in the sand during ramming. On baking, of course,
the wax volatilises and leaves a tiny cavity round the cord
-which, in any case, is probably also charred away. It is a
technique which is particularly useful when deahng with
intricate or awkwardly shaped cores.

Sometimes cores, which are formed of a large body of sand,
and which may be moulded in two or more separate pieces and
joined together, after baking, with coregum,  dextrine or other
adhesive, can be vented by digging a hollow in the deeper
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sections of sand and connecting this to outlets formed by
means as aiready  described. An example of this is shown in
the drawing of the half corebox,  used for making the core for
the petrol tank, Fig. 47. Only a single half box was required
for this core. both sides being identical. The half cores thus
formed, by virtue of ihem being made hollow, also afford an
economy in coresand.

Fig. 47. Large sand core made in half corebox.

When a mould is intended for fitting with loose cores, pro-
vision for locating them is usually made on the pattern. The
core ” prints.” as they are called, take the form of projecting
pieces of wood fixed to the solid pattern at the points where
the cored hole is tc break through the casting. It is often pos-
sible to embody features in the design of a model or machine
part. which wrll allow of the cores being adequately sup-
ported in this way without having to provide additional
prints and corresponding projections on the core, producing
holes in the casting other than those actually required. The
practice is common in the casting of full size water-jacketed
cylinders and the plugs used for sealing the holes are in
evidence on the sides of the block. There are occasionally,
however, o t h e r  m e a n s  of a n c h o r i n g  a  c o r e  whic,h  i s
otherwise rather insufficiently supported by its prints. For
example, in the case of the petrol tank, again, it was neces-
sary to make use of a couple of nails to prevent the core
from floating, the core in this case being virtually balanced
upon its central print. The arrangement is indicated in
Fig. 48. The use of “chaplets” in this way is quite orlhodox
practice and various forms are in use in foundries. In the
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EXTENDED

Fig. 48. Use of chaplets for retaining a suspended core.

positions in which the nails are placed there is no detriment
to the casting whatever. One of them is in the centre of the
outlet bush and that will be drilled out for tapping in any
case. The other is placed in the centre of the mounting
I- ^^I.~~rtc~~et  iVh2r2, ii3 ihe iiii 2l’kely event of any leakage occurring,
there is ample thickness of metal to al!ow for the insertion of
a tapped plug. The nails are inserted in the mould from the
inside and, when the box is closed after fitting the core, the
heads come into contact with the latter and evidence of them

Fig. 49. Piston pa:tern.

lifting a little will. in a case like this, be apparent by a slight
disturbance of the upper crust of the mould.

Occasionally, the corebox  constitutes the most important
part of the pattern. An example of this is the piston for an
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Fig. 51. Piston core,

Fig. 50. Corebox  for piston.

internal combustion engine. The pattern, shown in Fig. 49
is a plain, cylindrical one with a tapered coreprint at the base
and a spigot, not necessarily of reduced diameter. at the top
for subseqnently chucking the casting for machining. It may
bc made in two parts. retained by a central dowel, as an aid
to simpler moulding.  but that again is a matter of choice.
‘The core, on the other hand, carries all the internal features
of the piston design according to the size and type of the
engine. A piston corebox  and core produced art: shown in
Figs. 50 and 51.

Basically, the box 1s of the kind illustrated in Fig. 45. Due
to the varying diameters of the core and to the tapered print,
however. more than one template must be used. When goug-
ing out the box it is an advantage to carry the groove right

Figs. 52 and 53. Corebox and Core for two-stroke cylinder.
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through and to iit the crown details, in the forin of a split
plug, afterwards. For- fitting the gudgeon pin bosses it is
desirab!e  to mark their centres accurately and to drill right
through the box. Small wooden bosses are then turned, to
include a spigot to fit the drilling. and glued in place. Their
alignment can thus be regulated with reasonable certainty.

Another example of a corebox and core is that for a two-
stroke cyiintier in Figs.  52 and 53. In this case, it will he seen,
the core embodies the exhaust and transfer passages and. for
that r-eason.  must be designed with particular care, as these
features time the valve events of the engine.

,4l!hough the foregoing examples touch only the fringe of
the subject of cored moulds, they may serve to indicate the
general lines upon which work and experiment can proceed.
As a rule, perhaps, the amateur foundryworker will enjoy the
greatest success by the moderate use of loose cores, par-
ticularly uhe,n dealing with comparatively tiny model com-
ponents, but there w!il  always be the occasion when a core
is indispensable to the job or where the saving. at the later
machining stage, more than compensates for the additional
work of patternmaking and moulding.

PAINTING

Before leaving the subject of patterns and coreboxcs alto-
gether, it will be as well to deal with the question of painting
them. Paint or varnish is applied to a wooden pattern for
two reasons. One is to preserve it from the effects of moisture
which is deleterious to the wood: raising the grain, causing
warping Andy  softening the glue. The other reason is that the
paint imparts a smooth, hard and even surface to the pattern
which is thus, at one and the same time, easier to mould and
leaves a cleaner impression.

The kind of paint to be used his not important so long as it
dries hard and is non-tacky and, as a rule, a glossy finish is
preferred. Oil bound paints, spirit shellac or cellulose are
equally effective and the use of one or another by the
amateur will usuaily be dictated by its availability. It is an
advantage, and wor!hy of consideration when choosing, if
the paint is quick drying. A slow drying paint can easily spin
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out a simp!e job over a couple or three days by the time the
wood  has brcn trtxted;  first, to a primer or undercoating,
which must be quite dry before sandpapering to remove the
“ whiskery  ” eficct when soft wood has been used; and then
to a tinishing coat of gloss, which must again be quite dry
and hard before any attempt is made at moulding.

Where it is desired to cut painting time to a minimum
them is a good deal to be said for the use of brushing or
spraying cellulose----particularly the latter-when a couple of
coats can often be applied within the hour. In many respects
the material is ideai. Cellulose filler is extremely effective in
making the surface of the pattern even. True, if the filler is
applied rather too liberally there is a tendency towards sur-
face cracking to appear after some weeks or months but,
used as it should be. there is no reason why patterns finished
in cellulose paints should not remain as serviceable as any
others.

Although the spray can hardly be bettered for general pat-
tern painting there are occasions when the use of a brush is
indispensable. The example given in Fig. 54 shows what

Fig. 54. ” Draught” on finned
cylinder pattern spoiled by

globules of paint.

happens when an attempt is made to spray paint between
the fins of a cylinder. Ordinarily, little or no draught is
given to them in the first place and, obviously, their surface
must be very smooth and unimpaired or the sand will cling.
The paint here has built up round ,the outer edges of the fins
giving them, vvhat amounts to. a negative taper and making
a clean strip impossible. For work of this nature there is an
advantage in the use of a soft sable or squirrel brush. Brushes
very suitable for all small painting jobs are those which fall
in the category of “writers” and which are usually obtainable
in a variety of flat and round sizes from artists’ colourmen,
or from the kind of good oilshop which caters for the
requiremerits ,of a professional decorator.



ARRIVING;  NOW A’Y the stage where, let us suppose. a modest
but useful colleciion of foundry impedimenta has been
acquired, the amateur enginee.r finds himself in need of one
or two extra items of equipment in his workshop. A small
machine vice, shall we say, which would normally run to
about f3 to purchase but which, he believes, he can make
for himself at a complete saving. At the same time he will
bc able to embody such ideas or special features as may
be to his own liking while nothing need be said for the enjoy-
ment to be derived from the pursuit. It is also true that he
can often make his own castings, allowing even for pattern
making as well. in less time than it would take to order by
post from a supplier.

The vice illustrated in the drawing, Fig. 55, is included as
an exampie and not with any claim to special merit. It would,

Fig. 55. A useful subject for the home foundry
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however,  according to the size it was produced, form a very
usefu! addition to the accessories used wrth any lathe up to
the popular thr-ce or four inch sizes. ~~.its construction calls
for the making of two patterns; one for the fixed jaw and
bed of tire vice and the other for the moving jaw. The cast-
ings are to be made in iron.

Fig. 56 shows the patterns separately and arranged on the
iurniilg over hoard r.eady  for moulding. Both have a flat
base and fall into tme category of being the simplest type of
pattern to mouid. They are placed base downwards and
spaced so that there is room for them within the dimensions
of the flask--indicated  here by the dotted lines-with some-
thing in excess of half an inch to spare between the nearest
points of the patterns and the sides of the box, due regard
being paid also to positioning the runner (dotted circle) where
its attachment to either casting will not be an inconvenience
but wilh.  nevertheless, assure the mould being completely
.. run .” The last point is one which will largely be dictated
by the exercise of common sense IIO~ unallied with experience.
Errors in this respect will occur with even the most practised

Fig. 56. Patterns arranged on moulding  board
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Fig. 57. Mouiding  by sand slinging.

mouider when a pattern is somewhat out of the ordinary but,
with the example under discussion, there should be little
cause for failure.

The drag box, inverted, is positioned round the patterns.
In this case the drag is the part without the pins and thus the
box will lie tlat upon the board. In some instances the box
wit/~  the pins is filled first, depending on the preferences of
the moulder, and this then becomes the drag, but there is no
hard and fast rule. Obviously, in the latter case, al!owance
has to be made for the pins, either by providing holes to
receive them or for them to overhang the board. Some
commercial boxes are provided with loose pins and thus there
is no problem.

The sand has been prepared by tempering with water and
has been sieved ready for use. Ramming commences by
covering the pattern and, perhaps, the most effective way of
doing this, especially with objects which may present a more
intricate contour than the one in hand, is by taking the sand
up in handfl;ls  and throwing it, virtually, at the pattern.
Deeper hollows and crevices will receive more particular
attention to ensure that the sand penetrates fully and with
even density. Sand is drawn up to the sides of the pattern
by hand and pressed there firmly. Attention to this detail
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Fig. 58. Ramming.

will ensure a smoother finish to the sides of the casting than
if the sand is just piled in and allowed to take its own course.
Details can be attended to by pinches of sand directed at
them until the moulder  is satisfied that the whole area of the
pattern has been dealt with effectively. It may be well to
mention that. in professional moulding practice, “facing
sand,” i.e., new sand straight from the mill, is usually
employed in direct contact with the pattern, the remainder
of the box being filled up with used sand, which has been re-
tempered. of course, from the floor of the shop. It will take
a long time for the sand of the amateur foundry, if it has
been acquired new, to deteriorate to the extent that it is
unfit for use against the pattern so, to a large degree, that
particular detail can be ignored.

Sand can now be scooped into the box a little above pat-
tern depth and the first layer, around the pattern, treated to
a ramming. Quite a useful rammer like that shown in Fig. 58
can be made  from a short length of broomstick. Sand is
best added in layers and the ramming carried out in stages
until the box is filled. Just the same, it is unwise to separate
the layers; they should be well keyed together by digging in
the rammer or sand is liable to fall out when the box is
turned over. The drag is finally tidied up by strickling away
the surplus sand and levelling the top, Fig. 59. The packed
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Fig. 59. Strickling away :he surplus sand.

box is now vented by means of a pointed wire dri;ren in a
number of times above-but not so deeply as to touch-the
patte:rn, Fig. 60. Wire of about one eighth of an inch in
diameter is suitable and often, a fine “radio” type of screw-
driver, which may have outlived its normal function. will
carry out the work admirably.

The drag box is now turned over. If it has been rammed
effectively there should be no need to support it in any way
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Fig. 61. Dusting with parting powder

to do this. Ut should he possible to lift a mould quite safely
without risk of the sand falling out although, whcrc the area
of a box is very great in relation to its depth. it is usual to
provide it with reinforcing bars across the middle. The sur-
face now uppermost, revealing the undersides of the patterns.
and being the joint face of the mould, is given a dusting with
parting sand or powder. Fig. 61 shows the process using a
coffee strainer. Plastic ones are quite cheap and distribute
the powder very evenly.

Before adding the cope or top part the stick or tube for

Fig. 62. Positioning the runner tube.
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forming the down runner is positioned. For iron, a short
length of brass tube, about half an inch in diameter, will
produce an excellent runner and the position of this, relative
to the patterns, is shown in Fig. 62. The tube is pressed into
the sand and will support itself vertically until the cope has
been rammed. Some importance can be attached to selecting
just the right spot for the runner and much will depend upon
the shape of the pattern. It is usual to pour into one of the
least important sections of the casting and. in this case of

Fig. 63. Forming the runner.
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Fig. 64. Two simple devices for widening the runner mouth.

course, it wit! be into the base flange. .The distance of the
runner from the pxttcr-n  s h o u l d  b e  a  c o m p r o m i s e  :  n o t
so close as to cause damage or weaken  the moutd  when
the ~ngatu is cut anti not so I’ar away as to apprcciabty  rcducL:
the l,cmpcrature  of the metal before it enters. .Thc cope is
now placed in position and rammed up in the manner
descrihrd  for !~hc drdg.  If a finger is placed upon the rumier
tube i n  the carticr-  siages. LO steady it, there w:tt be little
d a n g e r  o f  it sh i f t ing whi le the box i s  f i l led.  The top i s
srricklcd  oti‘ a n d  vcn~c’d as tx(:or~‘.

The next s t a g e  is !O withdraw  the runner IU~X. It is
toosenett  hy a crrcuiar m o t i o n , as shown in Fig. 0.:. wh ich
also serves to widen it somewhat. The mouth of ihe runner
i s  Lhcn c u t  10 a f~lnncl  shape  w i t h  the a i d  o f  a  trowct o r
lnouldtxt wih Itle !illgvl3. -T‘he simple operation is carried
out  wilh even grcafc!- facility  by the use. for  example.  of  a
smal l  plast ic funnel A~ (Fig. 61) or the bell  of a child’s dis-
c a r d e d  trumpet.  IS. Fa i l ing e i ther  of  ihese o b j e c t s  being
conveniently to hand it may be well worth while making such
a toot> by casting a similar shape in aluminium and turning
or polishing to finish.

Fig. 65. Comparison of runners  from iron and aluminium castings.
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Fig. 65 illustra:es  the form and comparison of typical run-
ners from, on !he left an iron casting and. on the right a
CaStiilg  i n  a!uminium. In the latter case the greater bulk
makes ior sound ca:$tings  and a minimum of shrinkage. There
is some compensa,tion for havtng to pour “to waste” such a
large volume of mc:ta! in that, very often. the runner can be
put to good use in the workshop in the turning of small parts.
‘i‘hat  iv. of course. when it is not required to put back into
ItiC pnt for making tit> the next melt. The same can be said
of runners 11~1; bronze and gunmetal castings which can,
quite advuntagcol~sly, be made of !similar large section. Often,
Ii’ the runner is sound. useful bushes and so on can be turned
fi-OI;l tllCSt’.

The mould is now split and the cope. which in this ca.se
req~~i~:;.~  no fgurthcr  attention beyond dusting or spraying with
pitlrliba,“C, is ytooti a\ide out of harm’s way. Before \\:ith-
drawing the patterns from the sand it is usual to moisten the
sar-id immcdiaLcly surroundin g them. using a camelhair brush
r’nr npnlying t h e  ?\‘atcr.  ‘Thk is to guard against the possi-
bility of the ctlgcs  o/: the motifd crumbling as the pa::crn is
removed. Apart from loosened sand failing into the impres-
sion to sno~l the casting the preservation of the firm edge to
the cavity avoids csccssivc “flash”---the term used to describe
the tllin. raggctl wch of metal sometimes seen round an un-
fettled casting at t.hc junction of the two parts, evidence of
an ill-fitting mouicl.

Now. also. the ingates can be cut to connect the impression
left by the runner tube with the edge of the pattern. There
is an advantage in cutting the ingates at this stage, instead of

Fig. 66. Tools for cutting ingates.



8. Unfert ied cast ings for dr i l l  headstock and jockey bracket .  showing
“ flash ” a t  t he  j o in t  l i ne  o f  t he  mould.
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Fig. 67. Ingate.

after the patterns have been removed, as the risk of
da,magir.g  the mould is thus reduced. A suitable and easily
.made tcol for cutting ingates is shown in Fig. 66 A. B is a
typic4 corr:bina.tion moulding tool. One end cuts ingates,
etc., ;Ybiie  the rather is a small trowel of much general utility.
In a home foundry, ,where  a casting session occurs at
irreguiar intervals, often with an appreciable lapse of time in
between, moulding tools are best made of brass. Steel tends
to rusi ail toii qiuc!<iy: uniess in continuous use. The form
to svhich  t!x ingate  IS cut is illustrated in Fig. 67. The
tapeAwl seciicn o f it al!ows a fair body of metal to be
brought close to the cavity without losing heat and the rather
narrower “throat” makes fettling easier. If the runner is to
be broken off it will snap precisely at the thinnest part or, if
to be cut through with a hacksaw, there is a conveniently
small section for the p-urpose. The dimensions of the ingate
will be re!ated to the bu!k of the casting, of course, and it is
probab!y safer to err somewhat on the generous side.
Laborious fettling is much to be preferred to a mis-run
caused by a restricted flow.

Fig. 68. Rapping bar.

The patterns are loosened by “ rapping.” A common form
of rapping bar is illustrated in Fig. 68 and, for small patterns,
may be made from quarter to half-inch diameter steel rod.
It is given a light tap to drive the pointed end into the centre
of the pattern and a second bar, known as a l ‘ striker,” is
employed as in Fig. 69. It is important when withdrawing
the pattern that it should be lifted at as near as possib:le  the
point of balance, to minimise the risk of dragging the mould.
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Fig. 69. Use of rapping bar and striker.

A useful accessory in this direction is a “pot” hook or screw
eye, which is screwed into the pattern after rapping.

Becoming accustomed to the technique, a moulder will be
able to “feel” if a pattern is quite clear all over or whether in
need of further rapping. With patterns having a deep hollow
on the underside there is a tendency for the core of sand to
adhere in the space and break away from the mould. A few
sharp taps with the striker on top of the lifting hook, just at
the moment the weight is taken, will usually have the desired
etfect and, where the contour is particularly delicate, a light
rapping can be continued until the pattern is largely clear.

With both patterns removed the mould for the machine
vice appears as in Fig. 70; ready, now, for dusting with
plumbago before final closing. This is the stage where, if
any, cores would be fitted. The mould complete, weighted
ready for pouring is shown in Fig. 71. The weights in this
case are a couple of “wasters” from earlier foundrywork.
The castings for the machine vice and loose jaw, with runner
attached just as they leave the mould, are shown in Fig. 72.
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Fig. 70. Mould for machine vice.
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Fig. 72. Iron casting for machine vice with runner attached
as it leaves the mould.

ODDSIDES

The foregoing has dealt with the moulding of patterns
having one flat side. Patterns which have an all round con-
tour, very frequently, present a different kind of problem.
Where these are dealt with by splitting them at a convenient
parting line they, too, can ‘be treated from the point of view
of ramming up the drag, as flat sided patterns. In this case
the part of the pattern without pins is moulded in the bottom
box and, before ramming the cope, the second half of the
pattern is registered over the first. The two sections of
pattern divide with the mould and each half has to be rapped
out separately. A point to be watched is that the dowel pins
do not become fouled with sand to prevent them withdrawing
easily. Many a mould has been scrapped as a result of the
pattern failing to split, pulling out of the sand and ruining
the impression when the cope is lifted off for rapping.

Reference has been made, in the chapter on patternmaking,
to methods of moulding solid, oddsided patterns using a
roughly made template. While the arrangement will be satis-
factory, when dealing with patterns having moderate relief,
it is sometimes necessary to deal with deeper sections in a
different manner and the word “ oddside,” in foundry jargon,
is usually applied to ,the kind of specially prepared bed
made to receive one half of the pattern while the first box
part is rammed up. Sometimes t.he oddside, as a temporary
measure for “ one off ” jobs, is made in greensand. A box
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ii?;,
is!;,
i,--.
*i;;;~,  ,’8&,, Fig. 73. Rapping bar placed in position on oddside pattern
~;& belore cope is rammed.
@$;:~,,

&$>,,::;g;,:,,, part is prepared by filling with sand and levelling the top.
&2;  ,,, _ A cavity is dug out of the sand to receive the pattern up to
~~~~~~' the parting line, where it is neatly embed&d and the sand

” trowelled about it to make a clean joint. The whole is dusted
e-’ :j,‘: with parting powder and the drag box, inverted over it,

‘, : rammed up in the usual way. For removing the oddside, both
boxes are turned over together and the upper one. emptied,

,, is replaced for ramming the cope.,: ‘~,
,From this stage onwards moulding proceeds as with a split

:’ pattern, except with regard to the use of the rapping bar
,,, which, in this case, is attached to the pattern before the top,,

: %box is filled. Thus it protrudes from the sand at the top of
the mouid, allowing the pattern to be well loosened within
before the box is separated. The cavity left in the cope when
the rapping bar is withdrawn can remain to form the “ riser.”

When a more permanent form of oddside is required in a
case where a fair repetition of the casting is anticipated, it
can be made, very conveniently, in oil sand and baked hard.
Such an oddside will, if used with care, serve as a basis for
more than one mould. Of an even more permanent nature,
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an oddside may be made from plaster of paris,  and varnished
against erosion. The same may be used, itself as a pattern,
for casting a metal oddside,  but a job likely to call for one
so permanent is not frequently encountered in an amateur
foundry.

Fig. 74. Mould with riser.

RISERS

Except with the reference to a riser ir! the paragraph above,
the redder has been left to assume that the only connection
with the internal cavity of a mould is via the runner. This,
with regard to the kind of small, flat sided pattern in the
example of mould making already discussed, is largely true.
Where the upper part of the cavity is in line with the joint
of the mould, trapped gases, which may otherwise impede
the flow of the metal, will readily dissipate. It is when a
pattern leaves deep pockets in the cope that attention must
be given to releasing trapped gases by providing a riser.
There is no need for this to be more than a small-hole, made
with the venting tool, which is pushed through from inside
the mould. It is not necessary that metal should rise up it

Fig. 75. Mould with feeding head to ensure soundness in the
centre section.

82



M A K I N G  A  G R E E N S A N D  M O U L D

Fig. 76. Mould with extended spree and feeder.

to indicate that the mould is full as this is usually apparent
by the filling of the runner.

FEEDING HEADS

Sometimes, however. where a pattern has a particularly
heavy section likely to be ditticult  to run soundly, due to con-
traction, it is desirable to combine the duty of riser with that
of “ feeding head.” In this case the riser, where it connects
with the cavity of the mould, is made of much more sub-
stantial section, comparable with the runner, and it is opened
out above to form a wide funnel, Fig. 75. When the
mould is poured metal rises in the feeder where, due to its
large volume, it remains liquid while the casting is in the
process of solidifying. More metal can be added, by shifting
the pour from the runner, and the neck of the feeder kept
open by ‘*pumping” slowly with a plunging rod.

When dealing with castings of that nature, too, it is often
desirable to increase the height of the runner or sprue head,
to add to the pressure of metal by gravity and, where a
feeder is employed, the height of this must be increased to
correspond. A reference to Fig. 76 will make this point
clear. Where such a runner bush is employed the pouring
cup is omitted from the mould itself but is provided in the
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extension. Convenient bushes can be made from greensand
rammed into a metal ring and one of the flatter type of food
cans, with both ends cut out, will serve admirably. A few of
these can be acquired, in various sizes perhaps, at no cost,
forming a very useful accessory to the moulding shop. Feed-
ing tubes moulded from special compounds, having a “ ther-
mic ” (heat producing) effect on the molten metal, are obtain-
able from foundry suppliers.

MOULDS THAT ARE DRIED

While. basically, the same technique is employed as for
greensand. there are one or two important differences in the
use of oilsand, for moulding purposes outside of general core
making. Ftrom the point of view of the home foundry the
greatest obstacle in the way of oilsand moulds is the necessity
for baking them out before use. Such moulds cannot be
used damp or even allowed to air dry, as their particular
value lies in the fact that, baked hard, their strength is very
much greater than that of a greensand mould and they can
be used for castings of a very intricate nature, in which duty
the sand of an ordinary mould would probably collapse.

Where an occasional oilsand mould is required by the
amateur it will be possible to make it in one of the usual
wooden boxes and bake it, box and all, in the domestic oven.
The temperature required, as for cores, is around the 400°F.
mark and, although the wood will char a little it wi!l still be
quite serviceable. A mould made in box parts each 6”~ 6”~ 3”
or thereabouts, will take between two and a half and three
hours at this temperature to bake out thoroughly. A previous
experiment with the oilsand to be used will indicate, by its
colour, when it is quite adequately baked. Unfortunately,
the baking of oilsan,d  moulds in this way gives rise to some-
thing of an odour-partly from the wood and partly from
the bonding agent-which may make the process objection-
able from the domestic angle but, perhaps, careful attention
to ventilating the kitchen, coupled with the choice of a con-
venient opportunity, may go a long way towards a solution
of the problem so raised. The alternative of equipping the
foundry with a small core drying oven is not to be over-
looked. An oven built,  of brick behind the furnace and
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heated by the furnace flue would be very useful indeed and
not at all a costly addition. Much, of course, depends upon
the size and situation of the amateur foundry and the in-
genuity of the foundryman. If the household cooker it must
be, perhaps some consolation can be gained from the fact
that it is yet within living memory that the jobbing foundry-
hand took home his cores for baking!

The use of snap flasks for this kind of work has an
obvious advantage over the standard variety as, in that case,
only the sand of the mould is actually conveyed to the oven.
The simplest way of doing this is to mould and extract the
pattern, apply the blacking, fit the cores and close the mould
again, ready for pouring, before removing the flask. In this

Fig. 77.
Pattern of finned

cylinder for moulding
in oilsand.

way the mould is baked intact and there is no need for
handling the separate parts after they have been deprived of
the support of the box.

Where the parts of the mould must be baked separately,
it is usual to fit locating pegs to the mould faces themselves
and to insert metal pieces in the sand at the sides of the cope
for handling. The sand after baking, however, is really quite
hard and firm and there need be little danger of breaking it.
Before pouring, it is advisable to moisten the sand round
the mould at the joint line as a precaution against a run-
away. Metal which may penetrate the joint would solidify
fairly rapidly in contact with the moisture and thereby seal
itself. Nevertheless, rather more care should be exercised in
weighting to top of any mould removed from a snap flask.
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Fig. 78. Runner tube positioned close to base flange.

MOULDING

The use of a liquid parting, such as “Scparit”  is especiall;d
recommended for oilsand moulding. It is applied to rhe
patterns, by brush or spray. before ramming and it affords
an extremely clean strip. From the point of view of economy
the oilsand is used only in actual contact with the pattern,
the remainder of the box being filled up with the normal
greensand of the foundry. The example chosen is a finned ‘-
cylinder pattern of a type universally cast in a drysand
mould. The pattern, of course. is split and the method of
moulding described earlier will be found most effective when
dealing with the fins. The Impact forces the sand well down
between them and a little pressure of the hand will make the

Fig. 79. Stripping plate.
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sand quite firm. With the pattern’ covered, to a depth ot

about half an inch with oilsand, the box can be filled in and
rammed in the ordinary way. If venting has become a habit.
well and good, but it is not really essential in the case of very
small, dried sand moulds. The drag is turned over and it will
be seen from .Fig.  78 that the runner is positioned close to
the base flange of the cylinder.

After ‘ramming up the complete mould the patterns must
be removed. Rapping will have to be thorough but the accent
should be in the direction of the fins rather than across them.
The suggestion of tapping vertically on the lifting hook at the
moment of withdrawal applies here. Another useful accessory
in the direction of a clean draw is the “stripping plate,”
Fig. 79.

If the half of the pattern without the pins is laid on a sheet
of thin plywood and a pencil line drawn closely round its
outline the result, when cut out with a fretsaw,  will be a
stripping plate near enough for practical purposes and. as
this represents the work of only a few minutes, it is a worth-
while insurance against the possibility of a diflicult draw.
When the pattern is being lifted, only a slight amount of
sand adhering between, perhaps, two of the fins will ruin
the mould. &ith the stripping plate held down to the sand
with one hand, while the pattern is drawn with ,the other.
risk of damage is very much reduced. Another advantage is
that, with the plate firmly in position the pattern cannot be
lifted at the wrong angle. The plate, reversed, serves equally
for either pattern half.

Every effort should be made to withdraw the pattern
cleanly at the first attempt. An untouched mould is always
the strongest but, human nature being what it is, most
moulders will try to effect a repair to a damaged mould
rather than scrap it and start again, When it turns out
complete, except for a tiny fragment of fin, which has come
away with the pattern, the temptation is very great. In many
such cases success may be obtained in the following way.
Remove the offending sand from the pattern and examine the
doubtful area for any suggestion of roughness, which may
have been the cause. A light touch with smooth sandpaper
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will probably put the matter right and a fresh application
of parting medium-powder or liquid-will help towards a
cleaner draw. A pinch of oilsand is then flicked into the area
in an amount slightly in excess of the missing part and the
pattern returned carefully to the mould. To make sure that
the new sand remains in place this time, a direct rapping
over the spot at the moment of lifting is again recommended.
If ihc operation has been successful the repair will be hardly
visible. A lhttle extra moisture applied to that part will
improve the *’ knit ” and, after baking, it will be quite as
strong as the rest.

The employment of a riser, suitably pierced from one of
the upper parts of the cavity-the position of the bolt pads at
the top of the cylinder is a likely spot-will release gases,
generated in the mouid during pouring, before a build-up of
pressure is able to cause damage.

If powdered blacking is to be used this should be applied
while the mould is still green. Liq,uid or paste mould washes
are best applied afrrr baking, probably calling for a further
short period in the oven. Spirit based mouldcoats evaporate
fairly rapidly in the air or can be fired. From here the process
is as already described.
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MELTING PROCEDURE

Or THE MANY stages involved in the production of a casting,
there is little doubt that it is in the melting of the metal and
the pouring of the mould that the interest runs highest. The
process is simple enough in all truth, but it is,)also true that it
does call for some care and not a little skill in the manipula-
tion of the furnace and the metal if the results are to be
satisfactory. Whether the foundryman prefers to make all
his moulds at one tirne and cast at another, or whether he
does his moulding and casting at the same session, it is
always the best policy to have his mould quite ready before
commencing to melt the metal for it. It is generally acknow-
ledged to be difficult to do two things successfully at once
and, in the matter of foundrywork, the. fact is more than
particularly t,rue.

Without ,becoming deeply involved in the science of metal-
lurgy, calling for an enormous outlay on apparatus as well,
there is little ,prospect of the amateur being able to regulate
the composition of his metals to any fine degree. For one
thing his charges will, almost certainly, be made up of scrap.
Ingot metal would be expensive. But by no means should
this be taken as an indication that amateur castings will be,
of necessity, anything but serviceable. On the contrary, and,
if one delves only a short -way into history, the evidence is
clear that, until comparatively recent times, foundrywork in
one form or another has been carried out from the very
beginnings of civilisation without the advantage of metal-
lurgy, as a science, being even suspected. There is, in fact,
evidence that in the past superstition akin to witchcraft has
been associated with foundrywork, to the extent of adding
frogs’ legs and mouses’ ears to the melting pot, to coax the
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Fig. 80. Diagram of small cupola for melting iron.

meral to behave as the caster wished it. With the exercise of

a littlc care. patience and common sense perfectly sound cast-
ings, in practically any metal, can he made and the following
can he regarded a: an indication of some of the major points
1.0 hc watched.

IRON

The first, consideration is the source of supply. Iron, for-
tunately. is very abundant and almost any old casting can be
used. In as much as most of the patterns likely to be moulded
will he of a comparatively thin section, it may be as well to
choose scrap of a similar nature. Usually. this will be of a
composition chosen originally for its suitability to that class
of work. Another consideration is, of course, that thinner
scrap is more easily broken up for filling the crucible. That
does not mean that the smallest possible pieces are ideal.
Kathcr.  it is sometimes an advantage to use as large pieces as
can be conveniently  accommodated in the pot. The reason
is that. in the earlier stages of a melt, considerable oxidation
takes place on the surface of each fragment and the propor-
tion of oxide. compared with molten metal released, will be
grearcr the smaller the pieces. Either way, however, it is
desirable to charge the pot initial!y, with as great a weight
of metal as it will contain. without cramming it so tightly
that there is no room for expansion. It is more convenient
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to do so :vhile the crucible is cold when. carefully filled at
first. only one further replenishment may be necessary to
obtain a pot nicely topped with molten iron.

One advantage which might be claimed for the use of a
crucible for melting iron-compared with the normal pro-
cedure of c~~pola melting~~~-is that the charge is not influenced
to any grcrtt extent  hy the pick-up of furnace gases. Neither
are thcrc any apprcciahle  losses. so that the iron when melted
can he rcgardcd. to all intents and purposes. as hcing in close
similarity to its original composition. -rh. if a metal is
chosen for any particular characteristics (as an example-a
scrap cylintlcr block for recasting as a miniature cylinder)
it can hc taken that its suitability will he. largely. retained.
Nevertheless.  some control may be desirable and is possible.
ah0~1t  which more later.

It is of some importance to heat up the metal as rapidly as
possible and. to :his end. there is an advantage in having the
furnace at close to white heat before introducing the pot.
Usually it is as well to blow up a furnace, fairly full of coke.
to a good heat before trying to melt anything. This charge
having been partly burned down, the remaining fuel can be
rammed down fairly densely at the bottom to form a solid
bed on which to stand the crucible. Neglect of this point will
probably result in a hole being blown right through the fuel
at an early stage of the melt. with a consequent reduction
of temperature instead of an increase. At this stage the top
of the crucible should be just below the level of the furnace
mouth and small coke should be packed well round it. With
the furnace cover replaced the blast is applied.

To reduce the iron to a fully molten state can be expected
to take from ten to twenty minutes, according to the size of
the vessel used. Progress can be observed by the gradual
changing in colour of the exhaust flame, from blue to yellow.
when. with the blast still on, the furnace cover can be lifted
slightly and progress noted from the appearance of the pot.
Although the crucible itself may be nearing white heat it
should be allowed to remain, undisturbed, as long as the
space between itself and its lid shows darker than the rest.
It is not until the interior of the furnace appears fused into
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one brilliant, white mass that the iron can be assumed to
have reached a tcrnperature  at which it can be poured.

if the quantity of metal is sufficient for the job well and
good but, in perhaps the majority of cases, more metal will
be required than has resulted from the primary charging of
the crucible. If so, cut off the draught. push back the furnace
cover and lift rhc crucible lid. The fuel will also have to be
replenished before proceeding and, during the interval when
the pot is lifted a little while small coke is packed under-
neath ant! round it. the molten slag. which now covers the
crucible, will ha,ve hardened somewhat. This would have
made the lid very difficult to remove later. Fresh metal
should be added with care. It is extremely dangerous to drop
pieces of iron into the pot. Slight dampness can cause an
explosion and. in any case. no one wants splashes of white
hot it-on flying about. Often it will be found that if a fairly
large piece is placed in gently first it will tend to solidify
t~he top of the melt and further additions can be made with-
out risk. The less time occupied in recharging. the smaller
thr loss of heat and usually ii will be found that the
second charge melts a good deal quicker than the first.

In full scale foundry practice the ‘charging of a cupola
takes the form of coke. iron and limestone added in layers.
The limestone melts and forms a liquid slag, which fluxes
away the impurities and, at the same time, floats on top of
the molten iron providing a protective coating. In the crucible
melting of iron, limestone is not used. A liquid slag can be
obtained. however, by the use of a material such as Frrro-
Flux added to the charge at the commencement of melting.
This has the same protective effect, dispensing with the need
for a lid and, at the same time, bringing the dross away with
it when it is skimmed off prior to pouring. Such additional
items, while not indispensable. go a long way towards the
improvement of amateur castings while their cost, on the
other hand, is negligible.

To ensure that castings of comparatively small section are
easily machinable it is important to keep the silicon content
of the iron fairly high. High silicon content makes for a
reduced tendency to chilling, which is the enemy of the
turner and the ruination of his tools. Evidence of chill in an

92





.
‘,,’



Fig. 81. A simpie form of crucible tongs.

ii.011  casti!lg  is discciniblc in the fracture where the runner
is brokw oit’. I,~.ikcwisc.  when an attempt is matte
t h e  ~-VI;II~I  illl;tt;td. !hr httcksaw  blade is b9~nt~~
~11ghtcsr imprwiior.  is made  on the meta l .  Wi th  the  re -use
of scra,p mela thy siii0.m content is not 9ik
and, 21s a guard against  wasted e@ort, throug
ditlicult or imlx)ssible  to machine. it is a simple matter to
make snlr:ll  additions to the molten metal in the crucible
immedi;itely  befo:-c pouring. A material is obiainahle under the
nainc of l,nd~/!~~~.  which is normally placed in the bottom
of tt1c [,0w%?~  I., tln 9c in which metal is carried from the
(311[701;1.  For maki!l!:  1:he addition to a cruci

q u a n t i t y  i:; droppxl  on tqs of the metal after ~k~~~rn~n~  a n d
stirred in. There is a slight thermic reaction which tends to
i n c r e a s e  t~he t empera tu re  o f  the  mel t .  ~9uj~~t~ is  a lso
improved ; a condition of especial value where very thin
sections arc being cast.

That the exact suilability of the iron for the job on band
is diflicult: to gauge, has been admitted but, with due regard
for  thz c o n d i t i o n s  o u t l i n e d  above,  i t  will be  found  tha t
articles, crucible cast in the manner described,  will be com-
posed of a fine grained,  grey iron delightful to work with in
a s m a l l  m a c h i n e  s h o p .

Fig. 82. This 3 shaped ring
the strain off rhe hands.

takes
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Fig 83. An ideal type of crucible tongs.

HANDLING MOLTEN METAL

A type of simple crucible tongs, easily made, is shown in
Fig. 81. The example illustrated was made from +” rein-
forcing steel, flattened at the centre to give spring to the
bcsw and at the ends, to form the jaws for embracing the poi.
Half inch Hat iron would have been equally effective. The
jaws are bent outwards to an angle which allows a measure
of purchase to be obtained on the crucible in the furnace
from a vertical position and, at the same time, permits the
handling of the pot for pouring. The length should be at
least two feet and, even then, a pair of gloves are an abso-
lute necessity when dealing with iron. Added security is
gained by the use of an S shaped ring or link between the
arms. It is pushed down when the jaws are closed on the
crucible, taking some of the strain off the caster’s wrists.
Fig. 82.

While such tongs can be used for crucibles of varying
sizes, an ideal form of tongs as in Fig. 83 is made specifically
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Fig. 85. Two sections of iron runners. The right is free from chill.
The left b-errs evidence of chi!!ing.

for one size of pot. ‘This  pattern is admirable for lifting pots
from the furnace but it is usual to use it in conjunction with
a ring shank. Fig. 83. ‘That with one handle is for small pots
and the one with two handles is intended to be carried by
two men when the weight of metal demands it. The crucible
is transferred from the tongs to the shank for pouring.

Stirrers, plungers and skimming ladles should all be of
good !cngih and made from &” to $” mild steel or iron wire.
One end should be provided with a loop for a grip and, for
a prolonged life, the business end should be coated with a
refractory wash. In Fig. 86 the stirrer A, is simply a straight
rod. B, the plunger has a cup turned from mild steel or
beaten from steel sheet. The ladle C has a spoon-shaped
extremity also cut from inild steel sheet and riveted on.

AI.UMINIUM  ALLOY

The low melting point-some 1,200”F. - of aluminium
and its alloys makes this material of great genera1 utility to

Fig. 86. Tools for stirring, plunging, and skimming the dross.
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the amateur foundryman. It often enables him to make
castings which, in other metals, if only on account of their
size, lyould be outside his scope. At the same time it can be
claimed for many alloys of alummium in use today that
their strength is equal. in many ways, to that of iron or even
steel. Except where either of the other metals has a func-
tiortal value, light alloy can in fact, be substituted for many
of the light machine jobs typical of the model maker’s
workshop. Engine bedplates, plummer blocks and bearing
brackets, crankcases, pulleys, handwheels to menuon but a
few. Often too, where duty permits, aluminium components
housing roiating shafts can be used unbushed.

Pure aluminium is never used for castings. As referred to
here the metal is invariably alloyed with, mainly, zinc or
copper; sometimes with both and, sometimes. with small
additions of nickel and other metals. The actual alloying,
however, is likely to concern the small scale foundryman
very little since, again, his most probable source of supply
will be scra?. Very often, none the less, he will be able to
control the composition of his castings by a careful choice
of suitable scrap. The motor car seems to provide, when
broken up, perhaps the most abundant supply of aluminium
and it is to the repair garage or car breaker that the amateur
frequently turns. The usual light alloy components will be
well known and pistons, in particular are extremely valuable
for re-melting, if only on account of the fact that the smaller
ones can be popped straight into the pot without breaking.

Occasionally, large pistons from lorry and bus engines will
be found to be so tough as to resist all efforts to smash them
up with a hammer. The answer in this particular case is to
heat them up in the furnace almost to red, when they will
break with ease.

Unlike iron, there is not much advantage in charging the
crucible before placing it in the furnace. Where the draught
to the fire is what it should be there will be no need to apply
blast and it is a good policy to heat the pot to a bright red
before charging it at all. it is readily accessible all the time
so it is quite practicable to keep adding pieces as the metal
melts. Once a pool has been formed in the bottom, added
metal melts into it very rapidly.
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Although too high a temperature is detrimental to alumin-
ium, so is a prolonged period of melting. ‘. S:ewing ” should
be avoided at all costs and the policy of having the moulds
in complete rrradiness is particularly important when dealing
with this metal. The best all round results are obtained with
a furnace that is heated cr&yrtare/~-bright  red-so that the
alloy mehs quickly and the fresh pieces. added at frequent
intervals. prevent the temperature from rising much above
melting point. The warning, in Chapter 2, against carelessly
dropping large pieces into the pot when replenishing. is
repeated. l’ire metal. when right for pouring. should appear.
in the shadow. dull red and, in the light silvery. Alumininm
castings are often spoiled by the inclusion of foreign particles,
so it is well worth the exercise of a little care in drossing off
:hc crucible and. where only one pair of hands is engaged in
the task. this is often carried out witch less risk while the pot
is stil! m the furnace.

Stirrers, skimming ladles, etc., like those already shown
are equally suitable for aluminium but here. the provision
of a refractory coating is desirabie as protection against
metal contamination. Special fluxes can be used and these
are of particular value where dirty or oily scrap is being
dealt with. while the type of plunger illustrated is suitable
for the manipulation of certain degasing and grain refining
media. Such  items are useful, let it be noted, and may be
acquired to advantage as a foundry grows but the basic
requirements remain just a pot and a fire.

Molten aluminium possesses great fluidity and. therefore,
the sand of the mould should be packed a little more firmly,
if anything, than for iron to avoid metal penetration resulting
in a rough casting skin. It is ideal for model work in that
sections down to ;,:” can be poured in certain cases. Realistic
deep finning, for example, can be obtained on a miniature
cylinder-head casting even in greensand, providing it is fed
by a fair bulk of metal. Castings should leave the mould
white and clean and runners and risers must be SC~WI  off.

Aluminium alloys are not easy to work with a file unless
turpentine is used as a lubricant. For fet&g and cleaning
up castings generally, for either polishing or painting, good
resuits  will be obtained with a flexible disc or belt grinder
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The oxide. which so readilv forms on the surface of the
nietai>  makes successful painiin g ditlicult. Finishing should be
preceded by roughing or .’ keying ” the surface followed by
a coat of zinc chromate primer, obtainable from almost any
good ~paint shop.

Scrap pistons have been put forward as a useful source of
supply. The rc-use of piston metal, however.  does not ensure
that the characteristics, such as strength, toughness and so
on. wiil prevail in the new castings. In its original form the
meld has heen subjected to closely controlled heat and agr-
ha!-dcning trcatmcnt which is, very iikcly. ouiside the scope
of the averag&:  hornc mechanic. Nevertheless. castings pro-
tluccd  !‘rom such alloys will usually turn out very satisfactory.
It is probably true that, while the mechanical properties are
not so good neither are the conditions under which the parts
arc likely to be used anything like so arduous.

Cl~il’ROliS  hl.l.OYS

Castings in gunmetal, brass and bronze are used to a very
large extent in some branches of model work, but even in
others there are relatively few occasions when one or another
of the cuprous alloys is root  LISX~  in some measure. It is,
jndeed.  an asset  to the home workshop to be in a position to
cast, at least, bronze or gunmetal stick for turning bushes
and other small parts, because the purchase of such material,
especially in sections of upwards of an inch or more. becomes
exceedingly expensive. Moreover. the cast material is often
harder and more durable, when used for wearing surfaces,
than the drawn rods frequently supplied.

Although copper, itself, requires a temperature for melting
somewhat in excess of iron, its alloys ha,ve a meltin,g point
in the region of 1,600”F..  which is much lower.  Like alumin-
ium, brass, for example, can usually be melted in a furnace
without the use of forced draught, but the temperature can
only be reached with difficulty in an open fire. Sometimes
blast, when available, can be used to advantage for quickly
bringing up the heat but it should be carefully controlled as,
here again, overheating can be deleterious. The alloyed zinc
volatilises and is driven off as an in.tensely white vapour.
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I-111.1’.  IN IFII:  main this book has dealt with the melting and
manipulation of melals in a crucible-type furnace, it must
not be ignored thatl where a greater bulk of metal is reyuired
than can convenienGy  be handled in a crucible. it is a per-
fectly practical proposition to melt iron in a cupola of quite
motfcst  dimcnsiors.

To acquaint: the reader with the fundamental principles of
cupola practice. Chapter Eight carries a brief description and
a sectional drawing of what amounts to a small cupola or
‘6 cupole,~e ” capable of supplying iron at the rate of about;:

; ;, 15 cwt. per hour. Such a furnace would be beyond the
requirements of even the most ambitious model engineer and
t,hus tberc follows here a brief description of a tiny, drop-
bottom cupola, capable of meeting much smaller demands.

Let it be admitted at the outset that, although a perfectly
workable cupola can be built to a very small size. no claim
is made that it can be expected to perform as efficiently as
its full-size counterpart. With the miniature furnace, contin-
uous working may be limited to, at most, two or three
“ tappings.” Slag tends to solidify rapidly below the tuyere
(pronounced “tweer”), the hole in the surface wall through
which the draught or blast is admitted in the cupola of small
diameter and thus there is a marked tendency for the iion
in the well to cool-and solidify-as the blow continues,
Nevertheless it is a small well indeed which contains less
when full than an initial supply of fifteen to twenty pounds of
iron. (One cubit foot cf iron weighs 465 lb.) The melting of
a similar quantity in a crucible would call for a furnace
double the capacity of anything described in this ,book as well
as introducing a considerable hazard in manipulation.

101



..~,  .--.--,  ,...,,!,, “’ \ .._,.,  ~,,~,

Fig. 87. Section and elevation of cupola showing construction.

CONSTRL,ICTION

The method of buil,ding favoured by the writer embodies,
once again, a f~ive-gallon  drum in the same manner as the
crucible furnace illustrated in Chapter Two, Fig. 7. This,
of course, limits the dimensions of the cupola to those shown
in Fig. 87, but it does solve the problem of a suitable
wrapper.

Ramming up the lining follows the method described for
the furnace referred to. Apertures for tap hole and tuyere
should be chiselled out after the ends have been removed
from the drum. During the ramming of the lining, wooden
plugs shaped to suit can be inserted in these holes in the
wrapper, so that they abut against the central former, allow-
ing the packing of the clay to be carried out solidly at all
points. The plugs should be made tapered in form so that
they can be removed easily from the tightly packed clay and
leave a clean hole. For the rest and for burning out the clay,
follow the instructions already given in Chapter Two.
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it will be noted that  one tuyere is provided. Accepted
practice in cupola design requires one tuyere aperture for

each Iwo feet of internal furnace diameter, so it will be seen
that, with a diameter of little more than six inches, one vent
would appear to bo adequate. A second, opposing orifice
could be tried experimentally,  but, while the additional work
entailed in building the cupola would be quite formidable.
it is doubtful if any appreciable improvement in operation
wor~l~l lx inaniI’cst. Iii fact, as will be shown later. it is a
much greater i:ttlvi~tltt~~e lo be able to lirttir the st~pply of air.

In this &sign a I’ drop bottom ” is provided. An alternative
wo~ltl IX to s tand tlic furnace barrel  on a brick pl inth,
!iaving sulticicnt height to aford cleztrance for the ladle under
the spout. Such a cupola would require to be allowed to
c o o l  l,cfoK!  clcallillg out and de-clinkering after the melt.
‘The hi ngrd bottc,~m. on the other hand, permits t
10 tx durnpcd imnlcdiatcly  the final mould has been poured
anti wllilc the inl,critrr ol lbe f u r n a c e  i s  slill red a n d  t h e
clinker soft. ‘I“bc  d r o p p i n g facilities are also of value in
saving the furnace frotrl complete catastrophe in the event
of the metal  solidifying. inadvertently. in the well.

A c~~onvenicnl.  fomi  of construction for the base legs is
I,&” x :” steel angle wcldcd together. The :” binge bar may
also be welded to the +” tbic,k steel plate forming the drop
bottom. Another -,$” bar, with a loop formed on one end,
provides a draw pin. wbicb holds the plate in position while
the furnace is in use, Fig. S8.

Fig. 88. The drop-bottom showing left. the working position;
and right, dropped with pin removed.
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Fig. 89. Diagram of the cupola when charged for working.

OPERATION

The method of operating the cupola is illustrated in the
diagranl  Fig. 89. With the bottom in position a bed of green
moulding sand is rammed over the plate to a depth of two
inches, inclining from the back of the furnace to a depth
of, roughly, one inch where it passes through the tap hole.
The sand should be drawn up from the bed to form a
gradual radius to the lining. More sand is rammed on the
spout in front of the tap hole and a neat channel is moulded
by hand to continue the gradual fall of the sand bed right
to the lip. Fig. 90 shows this in section. Also shown is the
conical wooden pattern round which sand is rammed in the
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Fig. 99. How the sand bed of the well is prepared before
each melr.

tap hole itself, leaving a neat, round orifice through which
the metal will run.

A fire is lighted on the sand bed, using plenty of wood and
small coal or “coalite,“.preferably  the latter. Slight draught
can be supplied through the open tap hole to assist combus-
tion and furnace coke can be added Lradually until there
is a good, well-lighted bed, some five or six inches above the
tuyere. 20 lb. of iron is charged above this in two layers
separated by coke and -with crushed limestone, lime or block
chalk added at the rate of 30 to 40% of the coke
charged. The slag which forms should be fully fluid. A
“ gummy ” slag will be found quickly to choke up the fur-
nace, particularly about the tuyere. Greater or lesser quan-
tities of limestone may be used experimentally until the slag
flows freely.

Blast is then applied through the tuyere and the first drop-
lets of iron should appear at the tap hole in five or six
minutes. An earlier appearance than this may be taken as
an indication that the blast is too severe and steps should
be taken to cut down the volume of air. Only experience
will show, with each particular cupola, just how much
draught is needed to obtain the best results. Conversely, of
course, if the appearance of the iron is delayed appreciably
beyond this, it may be taken that the blast is too weak.
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Iron should be allowed to run from the tap hole until the
flow becomes continuous. A further charge of coke. followed
by ten pounds of iron with flux, can be added at this stage
to “ keep the pot aboiling ” and now the tap hole can be
plugged with greensand.

With a miniature cupola it is not difficult to judge when
the bulk of the initial charge is melted and some abservation
may be made through the tuyere if the blower tube is
removed momentarily. Charging of alternate layers of coke
and metal can continue until it is estimated that suficient
has been collected in the well. Here again, experience is the
only practical guide.

The metal is run from the well of the cupola into a ladle
for pouring the mould. For the first tap the plug of greensand
is pierced with a poker and, wheii the ladle is full, the flow
of metal is stemmed with a plug of moist clay rammed into
the tap hole. This plug is known as a “ bot ” and is applied
on the end of a metal rod shown in Fig. 91. +” reinforcing
wire is suitable for making a ” bot stick” and it should be

Fig. 91. A ” bo: ” stick with a dotted indication of the shape
of t:? ” hot.”

fitted with a disc head about 14” diameter, which may be
riveted on. The length-about twelve inches. Red clay can
be used for the bot and this can be moulded on by hand,
roughly conical in shape. It is useful to have two or three bot
sticks ready at the commencement of each melt. A shallow
bed of salnd should be spread on the floor immediately under
the spout to collect spilled metal and also to steady the ladle.

A crucible may be used as a ladle, but this should be pre-
heated (to red if possible) in the exhaust from the furnace
before metal is collected. But accidents are prone to occur
and, if the metal should cool in the pot before it can be
poured, it may be difficult, if not impossible, to remove with-
out damage to the crucible. This could lead to an intolerable
waste of good crucibles and, in my opinion, it is much better
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Fig. 92. A commercial, seamless ladle. Capacity after lining.
approximately 20 !L.

Small, seamless metaj ladles arc obtainable from foundry
suppliers down to a capacity of 28 lb. These, less handle or
” shank.” cost approximately fl at time of writing. Fig. 93
shows a smal,l,  home-macie  ladle welded together from 16
gauge steel. A convenient hand shank to suit and made
from +” roun,d iron is also shown.

Fig. 93. Ladle fabricated by welding from sheet steel.
Approximately 12 lb. capacity.

8
Normally ” ganister ” is used for ladle linings and this is

applied in a moist state by hand and dried out completely
before use. Ganister is described as a highly silicious refrac-
tory materia~l  and is usua!!y composed of 2-37; clay, more
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to go to some length to rnake or procure a metal ladle. The
metal ladle itself is made of comparatively thin steel sheet
and the inside is protected before use with a coating of

refractory material. This lining is renewed each time before
work commences and is therefore regarded as expendable
in any case.
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Fig. 94. Typical hand shank.”

than 95 7; silicon, 1 :d iron oxide and the remainder lime and
magnesia. A serviceable alternative is supplied (actually as
furnace repairing material) in the form of a clay and grog
mixture, by Messrs. Waterhouse & Sons. Like the crucible,
when dealing with small quantities of iron, the ladle should
also be warmed up before tapping.

Due to the effect of combustion, where the metal is melted
in intimate contact with the fuel, there may be a tendency
for the small cupola to produce castings with a chilled skin.
Much depends on the quality of the iron with which the
charge is made up. If the charge is composed entirely of
scrap, as will most likely be the case in the amateur foundry,
a certain amount of chilling, due to silicon loss. can be
expected. The reference, therefore, already made in the pre-
ceding chapter regarding the addition to the melt of small
quantities of “ Silicon Ladelloy ” merits attention.

Any of the devices already discussed in Chapter Two is
suitable for providing the forced draught to a miniature
cupola. It is, as already stated, an advantage to be able to
vary the volume of air to the tuyere. In this respect, assum-
ing that an electrically driven blower is used and where the
electric motor is of a suitable type, it is probably a more
practical solution to vary the speed of the motor than to
obstruct the flow of air by mechanical means. A ventilating
fan controller has been used for this purpose, in conjunction
with the type of blower shown in Fig. 9, with great success.
The controller has a graduated panel which allows the blower
speed to be adjusted to that giving, by experience, the result
required. If the impeller is driven by a motor of the constant
speed variety, it will be found satisfactory to interpose a
butterfly-type of throttle in the delivery tube.



W H E R E  D O  1 GET lT?

EACH ot: ‘THE manufacturers listed below will be found to be
in sympathy with the modest requirements of the amateur
l‘wndrylilan  a n d ,  irfcen, to bestow a measure of assistance
quite outside what is gcncrally regarded as the normal run of
bu’lincss.

a * *

Crucibles, Fireclay, Bltldiillg
htORCi4NI’IL: ~~RI,iCIHI..I~  Lli)..

WoocltNr Italic,
Norton, Worcs.

~~~gsa~i~,  windy mixed, Core compounds, creams, etc.
‘I‘Hlr Ffml)A~~Irti  ENCilNtxKt  WG co. lxx,

I~iamblct  Works,
Albiun Road.

West Bronwich.

~~o~~~i~g Boxes
FWNIIRY  EQIJIPME’~;T  LXX,

Linslade Works,
Leighton Ruzzard, Beds.

“Foseco”  Produets, Fluxes, Parting Media, Refractory Washes,
egasers,  Ladelloy, etc.

Fosirm LTD.,
Draytm  M’lanor,

TdlllWOI'ih,

Staffordshire.


