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_ - 1. I Opening Address [ ' Sy s ~;r_agae~~;;ﬁjfﬁ¥"_”_
e by Lord Oram . Co | T

.\Q.‘ As Chalrman of this mornlng's session I am happy, on behalf of ITDG,,. e
-~ \ ‘to ‘welcome you to the seminar. ITDG was formed in 1965 by a group of e
" engineers,. scientists, ‘economists and others from industry and the '
‘. -professions, to provide practical and effective self-help techniques

~wwrta-ow  for developing countries., Itsiaim is to demonstrate and emphasise
RN that aid must be designed to Eelp the poor to help" themselves. Various :
.- major UN conferences in recent months have provided the backdrOp to -
: : —the-work-of TTIX ssing{the key elements of development strategy... .
A “to _which the intermediate technology concept is directed, namely the
' ' generation of employment, the conservation of scarce capital the use : :
., of local resources, -the re-distribution of benefits, the need to: reach o]

--the..poorest of the _poor, and the use of appropriate productive
techniques. . L . e )

| Lo - Intermediate Technology Development Group Ltd. (ITDG)

The ITDG Panels, which now approach twenty-five in number, embrace

all the various sectors which .were discussed at these international

conferences. The Transport Panel, and its sub-panel on simple vehicles,

- has proved to be one of the most effective of our groups, and we are

very conscious of its links with ether aspecte of our work, including

agriculture, water, power and rural health.

I am particularly pleased to'note thdt this seminar has drawn v

partlcipants from many’ fields of activity - manufacturers, academics,

representatives of government, and guests from developing countries - )
e wide spectrum which parallels ‘the’ individual composition of ITDG Panels.

. F .
. o cL | ! - . /

I 2 Introduction~ the Transport Problem in Developing'Countries N /

by d. D. GoF. Howe ;fz%/f//f' S : ,_j e i : //" oo
Aesociate of Alagtair Diok & Associatee, ahd Chairman, ITDQ '1 /5- S
Transport Panel o, - fro o

The Transport Panel of ITDG ip concerned with the ap li ationuof S R
.intermediate teohnology to the transport problems of‘developing cquntries, o
o particularly in the poorest sectors. The" purpose- of;the seminar is to

. examine what oontribution, if any, the institutions of the developed

countries can make towards the design and manufacture. ef more appropriate

vehioles for rural - developing societies. For -this reason we. have BOught
, f;‘to bring together tdﬁiy thegentire spectrum of organisations and . . '

,\ 1ndividuals involved in the provision of transport designers, manufacturere, .
government agencies, the universities ‘and aid- ggencies.’ Although initially: Ly

the: intention was to confine the seminar to the U.X. we are fortunate to e
have with us- representatives from the WOrld Bank and the Inté‘national e

RS
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”*~;that ‘Lord Oram, one of-the founder members of ITDG, should 1ntroduce‘ : ;,111

“Until receéntly the 'solution’ to o e = rural fransport pz;oblems of ffi-;f g—
fﬂﬂdeveloping countries’ has been seén by-planners- as. essentially one of -

~-expanding the road system. Progress-is often measured in the:length of =~ =}
‘new and improved roads. However since 1969 the International Labour *

'Development (WOrld Bank ) have been" engaged in a major ‘reappraisal of

._'., ,\

. S

Institute of Tropical Agriculture Nigeria. It is especially fitting

the seminar. ! _’@

!

changing the infrastructure with a major emphasis on-improving and A'f A

Organisation-and the International Bank for Reconstruction and

-

the methods of building and’ improving roads, ahd other eivil engineering
hnrksT—by~labour_and_eapital_intensave—methods?—mhiaaisrnot -of‘ma jor .

:* coneern to . this seminar save that an important part of the reappraisal ** -
“1is the examination of the' role of simple ‘vehicles in labour-intensive
. construction. For this reagson we have asked Mr. Mark. Sharrock of

.the home (developed Gountry) market and with the minimum of 'tropical tf[
trim' séll it, also, in the developing world. ; N e e

”;modes. The "ASTRA (Application of Science and Tec

'”t,nand—pedaI:driven vehicles,, .

PR
"o
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Messrs. Scott, Wilson, Kirkpatrick and Partners to describe the work
they have been engaged on in India and elsewhere.

Curiously the efforts to improve the road transport system have

1ooncentrated on the route -itself: the vehicles have been left to take
"care of .themselves. Pcssibly one reasor/for this is that ‘the people who
. plan and.design road transport systems are invariably road and not |

vehicle ‘planners and engineers, It is arguable in fact that the .”ff, '3¢

Sy developed world has never, yet, seriopsly designed vehicles for the = /
.special needs, if there are any, of the developi g world (vehicles ~$;‘ o)
. like the Jeep and the Land Rover have derived from military needs) '

The well tried and tested strategy is that you produce a vehicle for

However, recent years have seen a spontaneous interes"by afnumber of

institutions in the, transport needs of the rural poor of the develOping

) world.,W1th some of the’ 1nst1tutions improved . transport does rot appear - .
. to have been the main objective: it ‘has arisen almost as a by—product 5

of efforts to mechanise agriculture. Pride of pl e must probably go

_ to: the International Rlce Research Institute :in the Philipplnes. SN
“Another . ploneering institution “has beén the. Ifftérnational Institute o}
’7Tropical Agriculture, Ibadan, Nigeria and we art pleased to welcome 2

~“~"to the seminar Dr. WijeWardene of that institute. The Economic and *

" Science Commission for Asia and the Pacific are also ‘known “to be carrylng\\

_out a study on the improvement of carrying capacity and operational

EA

efffciency ‘of rural road transport with particu r emphasis-on: ‘vehicular "5\"

lhnology in Rurdl Apeas) sexc. i
organisation in Bangalore are also currently engaged on fundamental e 1
design studies’ of bullock carts, ‘of which Indfa has\ sOme 12 million,“’ RN

@ : REAE



‘.,‘ \ Lo L
ol e ? SR i s

fUndoubtedly these organisations have di{ferentfmotivations for the T
work, bnt there appears to'be a general\ﬁeeling that the existing choxce
of” vshicles is ‘not approprlate to. fundamental needs. It . JAs.a’ technical
“~fact that the“design of roads in- developlng countries is dictated by
“the haracteri ticswof the’ prlvate car and:the lorry.. The%'de51red' speed
ﬁf that it is assumed car drivers want’ dictates the overall horizontal
-and verticaI al;gnmsnt of the road, whilst the frequency and load ,"7 e
‘7oarrying capacity of the lorries that: will cuse it decidé the strength
‘of the'road's sfructure. It has never: been shown that either or both of
- these vkhicles is in:any sense: neéessary, mush less optimum, for ‘H* o
development to take .place. The .possibility that other, simpler and
probably Cheaper, vehicles. might be moreiappropriate to needs doea not
'e‘; appear to have been given serious conslderation hitherto. In'one sense/ BN
this ‘is. surpri81ng since, potentially at least there is the obvious,j_mwnwwﬁp .

31mpler, ‘and thus most probably lighter, the vehicle the cheaper the cos\
o of prov1ding an adeqnate road.

e \_ - L N

< N N \

e Apart from the institutional ‘reasons. already given the most obvious L

”iﬁf', other reason,for the” little interest- shown by the developed countries it
“in vehicle design for- the developing world appears to‘be a misunderstanding

: f{ about the nature of movement demandg. For passenger. transport the -~

et existing buses and various forms: of share taxis- prqbably meet: demands ;f

R very well, But for,goods transport; the available ev1denoe suggests that
. the fundamental demand is for the. movement of small consignments over

; gives rise to limlted crop surpluses and~£a fs. Support for this
: contention ‘is- to,be»seen’iﬁ'the’popularity“of‘buses and,taxis~for goods
—— vement; Furthermore in some- cou tries hand, animal and -even bicycle
powered vehieles play a s1gn1f1cant role in meeting normal transport ' P

‘needs.- Ian Barwell will show the extent to which these means. have been
deve10ped in Asia, a: phenomenon which surprisingly is’ rarely the ‘case.
L in. Afrioa. However, as is apparent from Barwell's studies and’ those of o
o g;,Stuart Wilson of® the University of Oxford, desplte the ubiquity of the .
”Ugfgrgybicycle’in the develOping world and the wide variety of attempts” £
. adapt. it for load carriage its. development in this respect remains
mechanically " crude. Stuart Wilson will-describe an attempt to overcome
’the fundamental problems/associated with the movement of goods by bicycle

, Asia also prov1des numerous examples of a simple vehicle technology which
s sensibly absent from “the” rest of~the developing. worlds the use of o
.'fsimple motorised- vehioles based “upon motor—cycle technolbgy. Although this‘
'"‘,deve10pment is flourishlng it has been cbnfined, almost exclusively, 0% i
_‘urban areas: There have beenurecent attempts to change this situation by R
““'the Honda (Japan), Carabela (Mexioo) and Plaggiof(ltaly) companies and SRy
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A8 mentioned previously a number of 1nst1tut10ns have been working onl 2 Qtr'“”*
the betterment of rural . transport indirectly through efforts to 1mprové’

- agricultural mechanisation. The emphasis in these developments is” on!

‘machines which have a ﬂeal,egriculture and t uiuuupurL capeoiiity, tnougn it

“is probably fair to say,thpt the agricultural requirements dominate.vIn =
this context we are pleased to welcome Mr. Kilgour .of - the’Nationsl CoIIEge
- of Agricultural Engineering who will describe- the SNAIL project, and mr
. Bdwards of” Trantor Internaoiunui. A further. example of dual-mode r\ B

et T development is the Pedai Eower Unit that w1ll be_descrlbed by Mr. Dav1d o
SR Weaghtman of Lanchester‘Polytechpic. . : B L { \\\_"
] . . c . Y . \

diSCuss manulactur;;g and marketing problems N

% ' wecaré pleased to recelve ‘the contribution of. Mr.’Edwards on the “!(

R philOsophy underlying the Trantor development and to welcome Mr, Hutchdon ,
o of Raleigh Cycles , the ! largest manufacturen and . exporter, of bicyc es in the o

:;;-;p;, *. 7 world. Lastly we have asked Mr. Cooley ot*hucss~kerospace and Mr. T&etcher i

,-.

h
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~of the North-East London Polytechnic to discuss some aspects of the/t “““'”fMQ
. contribution that can- be -made to the transport problems of deveIOpi \ :
countries by U.K. industry. ' : , v o /, o
e . ‘ . ’_ ?‘ . A o
- J ( o , ! \\
I 3 Paper 1. Intermediate Transport in India, Ch ina and the Philippines | \ 7
I A ,; by 1.0, Barwellf . ~ . o S

ITDG Transport/PrOJect Officer I ST

\‘ 'i? ) . . / N h * PN ! !

In many countries of the deve10ping world there is a limlted ch01ce cof
O ‘methods available for ,the transport of goods. Often the only alternatives
“‘é ' are for. people to carry ‘the load on their heads or ‘their. backs, or for -
‘the cargo to be transported’ in expensive, imported trucks, cars .or buses.
These two methods represenf idin deve10ping countrv terms, extremes»of
& transport technology. However, in many Asian countriessawnumber_of:forms «
ef 1ntermedigte¥transport aﬁe available. In these countries simple vehicles
~ ‘are used which, from a technological point of view, span the range between
' «the two" extremes of headloading and car: qr truck. These simple vehiclee,may
conveniently be divided into four categorfésﬂ ,
; hand-drawn vehicles; = .V‘ e Rt
: 11 afimal-drawn’ vehicless" e T
~;' A 111) pedal-driven vehicles; ; ' Py '
Tt /. . 1iv) simple motorised vehicles, » -
The purpose of this papér. is to describe somé examples of simple vehicles
--used in- India, the Peoples Republic of China and the Philippines. R

P

a B EY

Hand-drawn vehicles,gétioﬂw

“vff},ffwgv“ The single-wheeled barrow is widely used in- China, particularlylin thélrurpl
1+ .« 7 areas where it is suited to use on rough, narrow tracks. The wheelbarrow =~ =
' .also play _crucial role in ‘the 1abour—intensive construction methods for :

whicthhin well' known. Figure I*shows a typical contemporary wheelbarrow,”ﬁ
- of wooden construction, and utilising ‘2 standard spoked wheel similar to =
those used on pedal trieycles. Traditionel Chinese wheelbarrows used a much

-
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T has led to a reduction in wheel size.‘As shown in;

*}-fourth pérg_g»may aesist~by‘haulfng oh :leather straps. attached to the cart. ...

3

" appropriate .animals, The management of liveéstock, *particularly Wi regard~'-

. load ahd

; ,\“ : - . ] i e . , s \; . v. P Ve S oS R e Wi . . X o e
. ‘\ . g b e ! oA : TR - :
' e g T S S
[ A, S

/.‘plarger,d;ﬁoden wheel but\the availability of pneumatic yres has led to 'a

reduction’in wheel sizeé. The Chingse wheelbarrow has’ §dgn1ficant advantages

compar with the’ configuration normally found”in the western world. The

| cargo e\glaced directly over the wheel, which thus supports most of the

ases the task of the operatof. His work is further f301litated bj i
the uée of‘a strap passing ac®oss his shoulders ' ‘and t " to0 edch of .the
barréw handles, which a381sts both in balanecing dnd 8 orting the ldad

¢
two-wheeled handcart is a common sight in theyurban centres of both
ndia and’ €hina where it is a basic means of transporting heavy loads over:
/short distances. Figure 2 shows a traditional Indian\handcart -design, with ‘\
large diameter, spoked wooden wheels, and a platform cerstructed from-
‘lengths of bamhoo, while Figure 3 shqws an Tndian handcart which utilises
motor vehicle wheels. Onge again, the availability of a pneumatic tyre
the photograph the cart
is empty and is being- pushed By one man. When loaﬁed it is pulled by two e
-persons, one on each’ side of the central ahaft. ,{ \ ;
. 4 e | ‘
’HanGCarts are used to carry prodigious loads, particularly in China where,
“if the task becddbmes too onerous for«one person, a second third or even

"It is also comman practice in China to hojst a grude sailtto\the cart and
‘harness some of the’ energy of the wind when this is blowing in the right
direction. « e ;,/{ , K «

T

Animal-drawn tehicles

<<

In many parts of the world animal carts land wagons are a traditional meanp

“ . of transporting both’ goods and people, and can carry considerable: loads,
\\\ albeit slowly. In the Philippines the "buffalo, or carabao-ag it is locally ,

known, is used to haul either a’ two-wheeled cart or a sled mounted on skids.
\Eigure li. from China shows atwo-wheeled cart drawn;by three horses., In . ..
Tndia there are in excess of I2 million bullock carts (Figure SY while in
some parts of the same country camels are used to haul four-wheeled wagons,
~ N . & o *'Y" . ) .
Animal-drawn'vehicles have an important\role to play in intermediate
tran port, and some work has recently been carried out in Africa to, \|
‘dev op carts which require only basic skills\s:d tools ‘for their cons
(Refe. 1 & 2). However there are problems assoNated with the i troducti

-of this.form of‘transport to societies which do- n‘#,already use |,

" to -care_and training, is 3§skill which is not eaSily acquired. There -are a

number of examples;of unsuccessful attempts to introduce draught animals

to people who have not previously‘utilised this form of . power. Failure of
b’ ek 1w R o

-

tlé &

<\Y

The bicycle is the basic means of pepsonal transport for -theé common man
in Indla .and China, and bicycles are manufaotured in large quantities in‘ _
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: 77wboth countriee. They are used for u b,P

for the carriage of passengere, in/Chin the emphasie is on the transport
- of cargo. ;_ o I 1

~ these Indian tricyclee are be t expla ned by the/following quote:

"The major reason why rickshaw pulling is such hard work can be cléarly seen

'~'machinee ueed in China show coneiderable evidence of adaption and improvement.:

,hordzontal plane and press against the wheel rim whe the brake pedal e
xf frame tube. The primary chain drives an intermediate ‘shaft mounted under

the rider with a’ choice of stWo' gear ratios. Both rear wheels are braked,

Perhaps the crudeet method - of providing a choice of gears ie that used on - |
the eXxample from Peking shown &n Figure 9. Two chainwheels of different " .

diameters, théugh both emaller than the. size used op bicycles, are mounted ‘
" side by side on the- pedal axlel. To change gear the rider simply has to = =i

into towns and cities from nearby villag é.”
developed from the bicycle and sometime:
common sight in both India and Chinaj th u”‘
urban and sub—urban. While in India/ the yc_e r:

cksh w is used moetly

- } @
' ' / ! 1’ » ’

Figure 6\ehows a cargo-carrying ;ndian ricycle w1yh two front. wheels and ‘

a single “driven rear wheel, While thi cpnfigura;ion is.used ih several - . -

places the ‘alternative layout oT one front wheel and two rear ‘wheels is’

much more cdmmon - Figure 7 shows an’. I dian example. The limitations of

" "Phe health Qi Indian cycle ricksha pullere is adversely affected due .,.“a
to overwork and heawy strain. Ricks; aw pulling is indeed inhuman, but .
poverty and unemployment compel poor people to resort to this mode" (Ref. 3)

in Figure 7. The tricycle retains the game, gearing as a conventional

bicycle although it‘may bé used to/haul up to - three times the load. The .
simple action of fittdng/a bigger/eprobket to/Indian tricycles would. =~ = *-
greatly improve the lot of the ridersJ It is also ‘notewoPthy that there N
is no braking system fdr the’ rear wheéle which means that: a.tricycle RS
carrying possibly;three times the load of a’ bicycle hae only half its
braking capacity. ‘This example illustrates the surprising lack of -
innovation in the design of tricycles in India, while in contrastgthe

»

A tvpica1 cargo-carrying tricycle from Kwengchow in eout ern China is Do
‘shown in Figure 8, The major feature of interest ie the ‘use of a chainwheel -
‘much smaller than that of a bicycle to give a significantly lower overall C
gear ‘ratio. Braking of the two/rear wheels is accomplished by means of R
brake blocks mounted on 1evers ‘which™ ewing»out —from 1 chassis in a

mounted on the frame is operated. Another tricycle found in southern China
incorporates a+two-speed gearbox opérated by a lever mounted on the top

the rear bodywork. Two chain drives, of different, ratios, connect this shaft
to. the rear axle and can be engageﬂ in turn by dogeclfutches, thus providing

by medns of" standard bicycle brakes mounted on the chassis and actuated by
a footepedal: through e eystem of ‘rods and bell-cranks.

»-

trenefer the chain. from one chhinwheel to. the other. Clearly for this method
to. work the ‘chain must run ve sleck. This example also illustrates another
1nteresting design feature. Mdst tricyclee, whether Indian.or Chinese, drive"
through only one of the two réar wheels, and thus avoid the need to use ﬁ
a differential in the rear axle. However’ the machine in Figure 9 has a eolid
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axle and both reartwhl are drlven. The absencé of a differential - :
,,fw mitigated by the usé of .a’ narrow rear track. With:.this configuration'both“
" rear wheels can be braked by means of the single drum ‘brake fitted on the .
. rear axle and actuated by the chain strung from the head-tube. Therelare . P
" a few Chinese tricycles which have an enclosed réar axle ‘with a<different1al T
and drive to both rear wheels, each of which has its own cam operated drum
brake. - - : b - '; : . /’ 1
. » T |
“An unusual pedal—drlven vehicle fromIChengchow is shown in Figure_IO. Thik
‘is a4 front wheel pedal-drive unit which is attached to a standard two-
wheeled handcart. The shafts of the handeart are fitted alongside t;e'head-
tube. and the rear of the. unit clamps onto .the load platform of the'cart It « ‘
_ requires only a. few minutes work to attach the drive unit to the handcart o T
.or to: detach it again. Lt S ' : o L . S s
- Simple wotorised vehiclesil oo : " 'f s T
There are several motorised vehicles in Asia which Just1fy the description
of simple. -These include three-wheelers of varjous sizes and capabilities,
~ basic four-wheeled vehicles, and small tractors which_perform both -
agricultural and transport roles.,

‘ In Man;la tﬂere are machines which consist of a bicycle and sidecar fitted

with a-50cc two-stroke petrol engine driving the rear cycle wheel. The 7~
‘pedal drive is retained and thus the vehicle is best described as being o
-motor=assisted. The sidecar is fitted with:a passengeér’ seat but is often A

used to carry cargo. The three-wheeler shown»1n in Figure II comes from :
\.-southern China and is used for passengerfffiﬁ?ﬁoftT~The driver'sits astride
.a single cylinder petrol engine which drives the’ rear wheels through a -

" chain-drive transmission. Handlebar steering is employed and the other

... controlsg follow motor‘cycle practice. Two vehiclea of very similar con eption
are used in India, both based on Italian designs and manufactured locally
under licence, The vehicle in the foreground. of Figure I2 is of Piaggio
origin, while the one in the background is Lambretta based. The two GXamples
shown are usged to carry fare-paying passengers but several forms of Cargo
carrying bodywork are alsoc available, Both vehicles rely heavily on
motor-scooter technology and use single-cylinder two-stroke petrol engines v
of about ISOcc capacity. . : - -

Figure 13 shows a larger and. more powerful ‘Indian vehicle based on a twin
cylinder Harley Davidson motor cycle, It can carry six passengers in addition
~to_the rider, and is gtill in use in-India though it is no longer manufactured.
The three wheeler shown in Figure IL comes from China and is considerably
‘larger than the previous examples: While- they are based on motor-cycles
"technology. this vehicle tan be thought of as a simplified truck. The front
“‘mounted engine drives the rear wheels through a propeller shaft and the .

- driving position ie- offset, allowing space for 4 passenger 1n the cabin.
then the American forces left the Philipoines in I9L5 they abandoned a vast .
stock of surplus war material. This valuable resource was quickly utilised

. by the enterprising Filipinos, and one of the results of:their initiative* e
-is the brightly decorated vehicle known as the jeepney. It consists of a - .




engthened jeep chassis into which of engines. In
anila the Jeepneys\operate rather like minibuses as a publie transport”
ystem. Outside the 3

- G R N A
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can—¥e fitted a variet ;

- A

; A
ities the~jeepney oftenicarries cargo as‘well as.meople,\_

8

‘%\numbers of these Jeepnevs over the past thirty Years, :
as. resulted in the d”v€10pment of a. wealth of mechanical expertise amongs S
ilipinos. his is on\ of the reasons why the ASian utility vehicles (AUV's)

E Opalar there. An AUV;consists of standsrd drive traln assemblies (engine,' -
.‘gearbox, etc.) ‘built ihto a simple rugged. chassis ‘onto which can be mounted ,
/a variety of basic, eaBily constructed body shapes. The example shown in‘

8

/vehicles. L/’J
Figure 16 shows a Chinese two-wheelpd, or single-axle, tractor. These
_tractors are prbduced i_ large numbers and have played a vital role in , . -
‘. the meohanisetion of Chfnese agriculture, béing well suited to the small S

plot cultivation which ‘sﬂsp\common there., ‘The tractor is driven: ~by a ,

single cylinder gkw diesgel engine’ and drive to eithfrrone or both of the L

wheels can be‘selected : 3 :
-an agricultural pole, t
is -in this mode that it
*'Similar tractors are no

~ can be used as a means of. transport it
}?1n the photograph attached to a trsilena T
being m: nufaotured in India and the Philippines.

',T";Tfyi7* lhi f...”k;, .i ;,vi‘ : x”? ' 7f3'i!ff ,‘ft/

‘There I8 a W1de range of vehicles already in use in developing countries
e _ = which span the ‘gap bet een«headloading and bonventionsl cars, buses and
Gr T . trucks. They. form ‘a’ pr gression of” transport apability and tedhnical ~a
ST : qomplexity from wheelbarrows through to mot§fised vehicles, Without . suggesting by
edther that- there'are pny universal solutiong, or that technology is easily’
_transferrable from one continent to another;, it is nevertheless striking R
that while-such vehicles are common in Asia, they are almost totally —~ “
labsent from many othel deveIOping countries* notably in Africa.

N

.. . Hand=drawn and animal~drawn. vshicles .are traditional in Asia, while pedal-~

.+ . driven and motorised ;ehicles by present imported technolo . There has ‘been ' :.
. only limited eyolution-ef that technology in the Asian co tries and mich
_of the= ‘innovation thaﬁ has taken place is geographically l\calised and S

i often technically cru,e. The vehicles based. on imported te hnology- are'_f R

o uged. largely in urban|'and suburban situations, with only Iimited penetration .

B of pedal-driven and m torised devices into rural areas. Thig is at least

ANl "1partly because of a l.ck of vehicles designed to meet rurel\needs..

|

it ;Conclusions ’rﬁxi;,%“

a
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B Sy T Firéf?Discﬁssiqn‘Peridd‘gg,; L g

" The first discussion perioé’cbvefed'four,topibs;_the'prOBlemsfofavehic1é-V L
“and track compatibility, methods-of -redficing vehicle costs, the need for . .

V'p  with the differing requirements of “various vehiclg,types;

" a need for some practical research into suitable wheel/tyre design for a: '.

" and materials. There exist in many developing countries workshop facflifiesfj

fff;  designs readily available 1o local manufacturers;, and of’any- cen

: L;f@"Theieffedtivejcarfyingfcapacgty ig/generally less-than it might be becayse

improved designs of traditional carts,»ahd~planniﬂé7h§531éﬁs?aégﬁéiétgdg

P ‘ , , LA . o R TR
. It was suggested that the vehicles that Mr. Barwell had shown in use.in
Asia require a smooth running surface, but tﬁat,90%.of the roads in -

 developing countries are not to this standard, which precludes the use of

such vehicles in many of t#eoapplicatiqns for which they appear to be -
suitable. In reply it was said that all such vehicles could be used ‘on
earth roads provided that laccount was taken of ;the axle loadings, that '

~

- Yower speeds were accepted, and that, at certain times of the year the

roads might riot be passable. If such periods™Hccounted for only a small = "‘ff)
“number of travel days thi - would not represent a major disadvantage C I
‘provided that the restriction was accepted. : <t

‘Tt was stated that wery ittle work has been carried out into the problems

""" of theé tyre/surface interface in relation to small vehicles and that some

of the present problems associated with running on earth’ tracks could L
_ possibly be overcome by the use of improved wheels and tyres. This indicates

- range of éimpieJVehicleggff* ' i .
’ _ ( c6§£ 6ffpur¢haéing bﬁrréntly ;;# ‘ f,f;
available vehicles. It was felt that there are a number of possible ways _ - R

e o

costs could be reducedubyrimproVedﬁdesign,”and"byftﬁeinse;of+lpcal,labnnx>— -

' The second point raised was that .of the

_capable of producing a wide range of finished parts or complete vehicleés.
I,Cerﬁain machines might require a composite7approaeh,usﬁng»sgme,imported . B
materials or finished assemblies. There is often a lack, both of spitable .-

‘diréptéd‘orginisation[tq_encouragé local production. The use of }edal™
labour would have the' dual advantages of creating employment and, hopefully,

‘of providing a’cheaper product, thus allowing'a wider ‘distribution. It was  °

. noted however that f r many individuals in rural‘communities even the cost _ ..

‘of a bicycle. is prohjbitive and represents g.majoz‘inv§5¥ﬁ§ﬁflfAhj{hih§*“f1ff

. larger would be uno\FainabLekby,most individuals and would have to be *
 communally owned if

mm) o d 11 suph;people éréﬁtoﬁbengfii'frbm an improved Toad -
_'nétwork;‘Th;Sffo:m“ifﬁpwnErship is dependent,uppn thq existence of an . e
,apprOP?iate Qommnni Cel ok e S

¥ structure. . .- 0O et
.ulIOCKUCagﬁs‘aiéfeiféﬁéiféiy uséd fhroughout”Aéiéléﬁd in §omespat§sgpf5‘.;
.,Africa.<Ihéi£;dgsignih9weyer“is often. less ‘than optimum, having -evolved = -

_‘over centuries with, in‘most dases,/ no greater technical :adyance than the ;
* gubstitution of traditional’ wooden wheels by“a*sCrép.tfuCkgéxlethﬁaiwheel”.!a L

%
I

< N

" of the very high dead weight of the vehicle. This represents an enormous

7 \maste of available animal; power which has only been_obtained by setting =

<aside land, yhich*coulé;nﬁherwise/be‘usedgﬁo;grow crops,_tpgfeed'ghe‘animal;‘igy
TherefiaFgonéideréblﬁfébogg{fbf.i provemerit in the ‘design of these varts. ..~

. \ .
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The final point raised was the effect on. planning procedures of implementing

" “a road hierarchy where the different levels of quality -are related to v -

different vehicle types. Most planning procesSes in developing countries

have evolved directly from American and-European practice and are geared. to

- -~motor cars and commercial vehicles. The need to- adopt more - appropriate : '_
T_design standards (and construction methods) is being inoreasinglyiaccepted._’

The concerrzof ITDG is to:make known the available choices in: order to-

rfacilitate selecticn of solutions most appropriate to particular circumstances‘

LY -
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Tt e IS *Paperée- Overseas Bicycle Markets L R et
‘ by f Hutcheon Co »

s Technical Director, Raleigh Cycles Ltd. A . :
’ Overseas:Manufacture of BiCYC1391f . - -, IR

& . . v

- 3.

o

,JMost developing countries wish to establish their own industries, and

L bicycle manufacture is-an obvious choice, THe demand for the product,. and:

\**'/ i ‘the labour-intensive nature of many of the manufacturing operations can

R " cause this to occur by normal economic processes, though it is frequently )

,,/encouraged by government intervention., Raleigh is in a unique position in %

;" the world's cycle industry in being the only cempany which can manufaoture' ey
~almost &ll its gwn components, the exceptions being tyres, chains and- B

- \i,;ball-bearings. It can therefore establish overseas manufacturing plants
ol -based upon any selected degree of local content,.and this it has done, in

Xy India, Malaysia, Nigeria, South Africa, Canada, U.S. A. and elsewherea

TR EI Furthermore the process of manufacturing the bicycle can be transferred
o - V 1n a progressive way to the .overseas, factory. The most labour-inten81ve

v : ,operations are frame-building, wheel-building and cycle assembly, so e

L ‘ Starting from.C,K.D. (completely knocked down) activity, the parent factory

L . loses first the frames and -the wheels which, as it happens, are bulky -

A -expensive items to ship.: Ultimately, local manufacture is developed. to the :
o N extent that only the complex parts such as the.lugs, the bottom bracket, and

' the geared hub are imported. If there were a significant ‘demand for// v ,"~[

;,‘mdifferentials for use in pedal-trieycles, then this is the sort of item
t‘that w0uld be: produced in the U.K. and exported. . PR S

'y \‘v

- The process -of 1ncreasing local manufacturing pontent is, occurring

N .,o,.contlnuously,‘spurred ‘on both by normal economic pressures, or. by. government

... . - T -policy expressed in the férm of tariffs. Raleigh is currently investing a.
St g '"“’further £2m in Nigeria for the privilege of net supplying rims fromdits .

T Nottingham factory. One problem with the overseas manufacture of bidygles'.
... is the need to use locally processed materials, which may not’ necessarily

be to the same standards as those prevailing in the U, K . . ,“4.."'ge,i"

The Use cf Bicycles in Developing Countries 3."‘p R S ﬂfg;

It is- necessdry to meet - local des1gn requirements, and many customers in ,

. developing countries are very -conservative. They demand bicycles which lookﬂ
the same as those owned by their fathers, and are suepicious of any design ¢

L




. Using pedal power, the human being can be employed as a prime mover of

S —

S~

1nnovations. This.is one reason for the preponderance A these countries .
of bicycles which, in terms of the U.K. marKet, are old-fashioned To the ?
Nigerian weight is strength and the use of stronger, lighter materials o
is unacceptable. The user in developing countries is' usually extremely
ingenious and skilled 'in the art of metal-cutting, bending and joining.

He is.able to modify his bicycle to any sort of load-carrier by welding .
‘and brazing bits on here and there, and his demand is for a sturdy, basic
machine to act as a foundation, The basic cycle mechanical parts are an .
obvious source of components for use in the construction of some special

piece of equipment’ for transport or agricultural purposes, and again the‘
main requirement is for robustness.

“

Pedal Power compared with Fuel Engines

»

"modest output and low capital cost. 'This applies particularly to personal -
transport, since the transportee has nothing else to do. It is worthwhile
. however, to question whether ‘or not human power should be used for other
 purposes, such as pumping, when the person might be getting on with

" something else. Pedal-power can be compared with a fuet engine in the
following wdy. A typical, modest automobile ‘engine producee approximately
I.5 XW hours per lidre of -petrol. A human being, working at a steady
0.075kW, would have to work for I00 hours, that fe to say at.least a
fortnight, to equal Slitres (I gallon) of petrol, The standard of living
must - be low for this to be worthwhile. ‘A more-basic reason for using
humah. power may well be ‘that no efficient fuel engines. exist which have
an. output in the region of 0. 075 kW,. oxr’ onephundredth of the output of
.a car engine, with a proportionally low capital .cost. In the case of ST e
the internal combustion engine, the reason is bound up with the heat losses R
from a finy combystion chamberk and is quite fundamental. : "

[

It is p0831b1e that the answer 1198 in the development of a smallxexternal
wcombustion engine. If such an engine could be made as efficient as a car
engine, then a powered bicycle could be made which would do over BOOkm/litre,‘
and a power-assisted bicycle might have a fuel consumption of 600km/litre.
 These figures serve to demonstrate that fuel cost. and pollution rieed not

‘Be significant barriers ineither ‘the developed or under-developed worlds. ;
Such a bicycle- coul _have a market at home as well as. overseas, and this is-. . %
’a c1a831cal reQuir nt for eny substantial ppoduct. . 1

#

dﬁﬁﬁr6 Paper 3 ApproprlatexPedal Vehicle Design
i by S.S. Wilson ‘

“ ,3' Lecturer in Engineering Science; ﬁniversity of Oxford

Pedal carts and cycle rickshaws are used on a large scale-in India, China
and S. E. Asia, but ‘are limited in their application to urBan use-on fairly
level “Toads with a reasonable surface. Even 8o the strainion the driver is -
.immense at starting, due to the use generally of a ‘single-speed gear,
commonly the same as Ahat of a cenventional bicycle, e. g. with ‘a 650mm

\ 3 . L, B i &Y
: , Lo A . o




“?M'(261n.) wheel L6- tooth chain wheel and IB-tooth sprocket the 'gear' is:
' equivalent to a T650mm: diameter wheel This is abOut optimum for a single i

1, and- ‘consists of a complete normal bicycle frame- attached by two “bolis {‘*aag

i

. 'in the same type of ball bearings as used in the normal bottom bracket._ EESDN
‘- The twoe halves of the’ chassis, Figure 2, are connected by means of a bslt in
. place of the rear axle - this withstands torque about .a 1ongitudinal axisf-,
‘and ‘a clamp on the small cross’ tube behind the bottom bracket; th1s>locaﬂbs
'the front end of a tension member. which forms, with a short vertical strut,

' 'The chief deficiencies of this first design were the 1ack of adequate brakes
', and the 31ngle speed gears; however it served to-show the potential for an .

© on a‘radical new design, the OXTRIKE, Figure L. The features incorporated
int the design include the use of a 3-speed gear, a- standard Sturmey-Archer

AW wide-ratio type (Flgure 5), used as an intermedlate gearbox as on a |
motor cycle; the ratios. chosen are equivalent to wheels of 800mm, IO65mm,'

. l,lower ‘ratio is desirable for hill—climblng. ‘A further feature is the ' L
~‘;provision of ‘a powerful foot brake. which acts by means of inboard band brakesr;g
,~J1(Flgure 5) on each rear axle; this can also be used as a parking brake. .

"The chass;s'ls”made from sheet steel of I.6mm thickness (16 S.W.G. or 1/16")
~ which'is readily available in most :parts of the world, can be cut by 4 T
Atreadle guillotine,.folded by hand machines and JOlned by welding (gas, arc -
©ooor spot), brazing or rivetting. The backbone of the chassis is a box sectlon e
lzformed of two channel sections joined by exposed flanges. Being very stiff gﬁjf

— _mounting and dismounting easy for elther sex. The whole chassis can’be ot
s tipped backwards. to stand upright on the rear end, which is convenient for g

a T
- B .

rider but quite wrong for a vehicle’ weighlng, with load perhaps three R
times as much. Other common deficiencies are ‘inadequate’ brakes, often on .

" the front wheel only, and the fact that only one rear: wheel is drlve . The
" frame, whlle ofiten qulte elaborate, is by no means an optimum structure, i
even though based on bicycle constructlon in steel tube. - ‘el
' : ;

» E)

-The first attempt at Oxford to- construct a cycle rickshaw is shown in Fl

3

to a rear section carrying two wheels each on a separate half—axle, supported

a truss to resist bending moment in the ¢chassis.

*

/)*Each half-axle carries a freewheel and sprocket, the right-hand sprocket
‘}hav1ng 2Ly teeth to give a lower gear, and the left-hand sprocket is .
 connected to the other by means of six .pins, Figure 3. The effect is that
“under normal conditions both wheels are driven, but when cornering the.inner .
. ,wheel is driven while the ‘outer one freewheels ag it isiturning faster. Hence
. ‘the tricycle w1ll turn corners without gkidding - but inﬂslippery conditions ‘
'f},where, -with a. normal diff‘erentia.l,w one wheel slipping dauses complete lossﬂf
of traction, the twin. freewheel arrangement acts like-a limited-sllp :
”[idifferential 1n that if one wheel slips the other drives. S ‘ E”

N

1mproved tricycle:chassis and led to OXFAM financ1ng a technician.to work

and I420mm diameter, ‘which give a distinct improvement, though an even |

he same type of rear axle is used ‘BB before, to glve a dlfferential action.

and strong in torsion. and. bending no crossbar is required, which makes

tipping out the load, for parking in 4 small space, for inspection and

' maintenance purposes. g , . . ; B

Cx &
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The front wheel and forks are of carrier bicycle type 500mm dlametér, and ‘/
~ are therefore very strong, while the rear wheels are 500mm. dlameter Raleigh /-
- Chopper type, again very strong, particularly against side load. An ordinary /

bicycle wheel does not have to re31st side leads, as the rider banks round /

a, curve, but.a trlcycle or four—wheeled vehicle does 1mpose a side load on - /.

the wheels, With its short spokeq giving good trlangulaylon the Chopper /
. wheel is well -able t%@endure such 1oads.' /

- The intention is that OXTRIKES should be built locally in small:workshops
from klts of parts, as is common practlce in India, where Ralelgh subsidiaries
supply about 2500 kits each month, 'The OXTRIKE kit would consist of a
set of standard bicycle parts’ plus.a few special components, such(as brake
> drums and non-standard sprockets, which would be beyond the capacity of
~small workshops. If need be, some df the sheet metal parts could also be ; -0
supplied. Two prototypes have been built at Oxford and three . by apprentlces
~at the Engineering Industries Tralnlng Board at Sheffield. One kit has been
sent-to Bangalore in India and there are six more to be allocated for bu;ldlnﬂ
either abroad or in the U.K. From experience gained-in building these a ’
_decision will be taken as to the best means of future development at.home )
and abroad. There is already plenty of evidence that OXTRIKES are of ‘interest
++ in Africa, India and elsewhere as well aB in the U.K., =since the cha551s
can be adapted to so many different uses. So.far only a simple carﬂ body,
Figure 6, and a temporary rickshaw, Figure 7, have been built but designs
exist for several other bodies, including a proper rickshaw, a multisuse -
body for carrying two adults facing backwards, three children fa31ng
forwardsior goods; a box-van body; a hopper body,*and a watér cart -Further
developmbnt of the OXTRIKF is hlndered at present due to lack of fundlng.

Although the OXTRIKE “should meet many transpdrt needs it is clearly not a
complete answer, but its scope can be extended in various ways' to extend its
- effect’ve range in distance or hill-climbing ablllty one/method would be

to fit a: small engine of the 'Velo-Solex' type, whlch dg;ves the front

wheel by means of a roller; some 7 million of these englnes have been built

in France, so they can be. regarded as fully proved. Another more recent

development is that of a hub-mounted electric motor of high efficiency.

This was recently anndunced for bicycle use and has an effiéiency of 83% *
# ~ at cruise condltlons of 250 watts, giving a speed on the level of 20 k. p.h.

Maximum power is ‘about 350 watts (approximately the same as the Velo-Solex)

and should enable a hill of I in 20 to be climbed at about I0 k.p. h., with

pedal assistance. The electric drive is an attractive possibility for regions

where hydro-electric power is available, thus avoiding reliance on oil fuel

and reducing the problem of maintenance.

As a radical alternative for rural use on rough, steep or soft ground a
o design is being evolved which we have termed the Pedal Rover (Figure 8).
| This is a four-wheel drive vehicle in which each wheel is directly pedalled, -
i s0 giving gour timea the power qf the OXTRIKE, while the wheels of I or
R - I.I m. digmeter should give substantially lower rdlling resistance than the
" 500mm. whée é,of the OXTRIKE, in rough going. The. two halves 'of the vehicle
“are articulated at thelcehtre for steering purposes but are also free to

17 .




letw st relatlve to Each other so that traversing rough ground imposes no
‘;strain on the chassis' dump trudks as used for earth. moving adopt the
'«;same prlnchle. ”;_ I b ; ‘

Fach half of the vehicle consists of\an open“ ~with a wheel mounted at

each -side in a semi-circular casing carrying the axle in bearings ‘underneath, .
‘and a saddle, and handlebar on tqp. The riders sit astride the casing and e
one has-a steering whéel connected by cables and sheaves to the rear half ~
. for . stbering purposes. Several different types "of ‘wheel construction are ‘
being studled in order to evolve a desggn which is strong, light, ‘cheap .
-and suitable for local construction- these include spoked wheels, wood.
LR and metal, ‘sandwiched construction and thin corrugated sheet steel. The
e "rim will be of channel section to carry strips of rubber cut from old

truck tyres, a technique used in Pakistan forzfarm carts, ‘ o

T,

It.is hoped to, construct’ a prototgpe ag soon as: p0551b1e- funds are’ - ‘[“»
_belng sought to’ support this development, which would result in a vehicle
of great utility for rural use, a natural counterpart of the OXTRIKE for .
urban and suburban use.. } R ‘
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FIG 5
REAR AXLE UNIT . -
. WITH 2 FREEWHEELS,.
) CONNECTING JUBE -
| - AND BAND BRAKES
A FIG 6
: ‘ OXTRIKE WITH
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. application will be restricted to those requiring high-torque at low speeds

-~ this output 18 likely to bé rather

- wind resistance.

2 Coon
g R ,,,_a-—-

‘ 1 Power Unit fo_x;_’[;;angpont&nd%aCh1”Use !

hin Industrial Design (Transport) Lanchester Polvtechpic
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ffEPower Sources for Rural Areas in Developing Countries

’In rural areasvpow;; sourc%s are needed for 51mp1e agriculthral‘macﬁinery
such as winnowers,- pumpa, mills, graters ‘etc. The-use of suchamaehineri, a
Simple-and 1oc§lly mamifactured, can result in appreciable advances, in. i
agricultural productivity. ————— Power “can, also be used for" local tranqurt and@

small~scale 1ndustrial applicationsr L . . e

x

oo : : i : N L
2 4 - PR - > ] .
- 4 e Lot

" The use. of human belngs and- animals as power sources ErY widespread but -the ,

+metHods “used are commonly not efficient.. The power available in this case 2
results from the” conversion of food calories by muscular-action and so tan L
be increased by greater food ‘intake. ‘The effegtive utlﬁisation of this. ¢
power can also ‘be 1ncreased by the efficient design of machinery. Animal
power.is widely used and efficiency, could no doubt be increased Jbut

’ (winches, -large mills ete.). In those areas under consideration, the efficient
use of the muscle power of human beings affords a most flexiﬁle and useful
solution. y& : B :

-

a

-The maximum power output from a human being occurs in 'a rowing" action because w
‘most muscle groups in: the body ‘are ‘used, /However, ese outputs.are closely ' i
approached by those obtained from’ ‘the légs appli 4 tb moving pedals. Little - =
_-advantage appears to be. gainedifro éal moti {her’than simple rotating t i
" cranks as on a bicycle (Ref. T ang/tﬁe use o cranks gibes a-fairly- smooth w
"rotary motion at speeds/of 60—80re /min.:Ha d cranking is frequently used/but :

=y

- as-the arm muscles are smaller than ‘the tpighs, power output is reduced, The i;”4j

". ‘power. output. to be e;pected from normal pedallers is arcund O. 075kW./Th18
output can be maintained for 6®mins or jiore. Higher’ outputs can be produced o
for ehorter periods. Due to/the poor nutrition levels in- develgping countries S

gh and a lower” figure*ef 0.06kW would .
be more reasonable for continuo pedallingﬂggn ‘static applications, the aﬁ )

outputs ava:lable tend t6 be lgwer than those measured f?om the perg Trmance’ .

of. cyclists because of the effect of the wind in® re%ucing body temperature. r

Tt ‘may prove adVantageousktw provide fans ﬂor ‘pedallers in static)situations

: to 1mprove output B N
u-, - - B - l/g B / - .. N _‘“;a
The evolution .of ‘the b vple over. the last’ 100 eare/has resulted in the = i
,determination*bf the ptimum position for continuous, /pe dal/ing over a long 7

"period. ‘This is the ,osition adopted n the standard 'saféty' bicycle—the >;/”
sts are adopte prigp arily to reduce
vome increase n- output can be obta1 d ‘for short pgriods“
.-by a more’ horiz tal relati ship between pedals and saddle- g mugcles

"t a back- ést and 80 exert more/force. Maintaining fhe legs
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“it 1e equivalent to the 1éve 1 of car owners»ip in~Europe,,hence spares and
_maintenance facilities are commonly available. The capability forwindigenoue”
 manufac¢ture can be developed from this basis (as in Nigeria, India, China, =
ete. ). If this is taken into account at the design stage then material or - o
process substitution can résult in simpler methods of’ conetruction than w1th

CU.I'I‘BH'E DlCVC.I.e practlce.

As stated earlier, the other area of need. forppower gources in rural’ areas
is fo®ransport of gcode and . passengers. ‘This movement islocal, as an

" intermediate stage beiween porterage and major tranSport systems (trucks,

" railways etc. ) In areas where pedal driven vehicles exist (primarlly in~

Asia), their suitability has been demonstrated. Bicycles are, of course, "

the most common type and customarily are used to capacitiee far beyond -

B - ..+ ~-their original role as personal tiauupUit. Loads of up to 100kg. are not

R ' uncommon but probleme are imposed by wheel etrength, stabllity and safety.

N ~f}f.ﬂv*"Methods of ueing Pedal Power to drive Machinery
; .>i~ A number of different methods have  been proposed or used in various L
e .ﬁapplicatione. These methods fall into four categories - converted bicycles-

e ) ‘ ‘pedal drives fitted to machines;.dynapods and pedal power units- (PPU's)
S “wo The suitability of each method will be determined by the machine type and %
.;pattern of usage. $oc1al and economic factors -will also affect the use . =
-:Apatterns, with the class1fication of work tdsks and' the local financing
syetem playing some part in ‘the eelection bf an appropriate method G

_»‘fAs would be eipected a number of manufacturers already produce machlnee -,vé
éﬁ‘fitted with pedal drive. Designs have&been produced by individuals, notably o
_Stuart Wilson™ (Oxford University) and Alex Weir (University of Dar-es—Salaam)
., ~both of whom have worked for several, years in.this area. A survey of LA
;-,ex1st1ngﬁmgchinery that-utilises ped§l drive and existing. machinery suitable
,?for adaption to pedal drive is given in the Appendix, . .
7[A dynapod ‘as first propoeed by %tuart Wilson, is a frame compfr51ng a saddle
" and pedal.drive with a number of power take-offs for connection te machines.;'“
B Jn the initial propoeal the drive chain Was,eonnected to two layshafts, giving,
two speed take-offs. Connection.to the driven machine wae by belt or flexible |
o shaft and“Wilson/euggests the useé of bamboo or G R.P. for thie shaft to ‘
y reduce ooste and minimise alignment problems. N o h

¢

The pedal power unit (PPU) wag' deve10ped by the author from the basic dynapod.
This Qevelopment is described: more fully in a report (Ref. 2). The raxionale
for the -PPU 'aroseé from: consjderation of how the machine uses of pedal power
relate to potential trans ort uses, The pedal povwer unit compriees a
'pedalled road wheel. A forke\fitted to a frame with saddle.,Thie unit can be
““used independent&y to drive ‘mdehinery via a power-take-off and can be - i

connected Yo a two-wheel: ch ssislto form a load carrying tricycle., The unit.
. ‘can also be connected in eéééeevwith other unite Jor machine applicatione ;

' fequiring higher powere.

' ::’3» P ' W v i ) o
o , - The: link betwaen traneport and machine ueee can be seen in etudying U
e S agricultural or. induetrial production. In a typggal agricultural growing
2 .‘_ o . J’ |
a i ’ i ' k -'} , .
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, - /:’
| k cycle, seed é;d fertiliser are tran_pﬂrieditQ,xhe_i1eld~»crops-arergrcwn
L :~m‘fr—~amd‘processed‘by)IT machinery then produce is transported to market Similar
T patterns can be seen in construction or small scale industrial production.
;‘lv "1 The use of pedal power in this dual role is EXactly analogous to the use. of

‘tractors in EurOpean agriculture as poxer sources and transport deVices.
(588 o o
i ’

The PPUis intended<to extend the util of transport and further work is
its feasibility. In terms.of uses, the PPU would suit the same pattern of
usage as the dynapod but with the beriefit of this additional ﬁse to -~
amortise cost more quickly. - p . °

To summarise the methods of use described aboves— - - "~ T

3 [

;f‘“‘—f*_—*ﬂf-ﬁ-“ The utility of bicycles is. limited to a number of specific
v L ) applications such as electricity generation, winnowing fans and
certain types of pump, due to the problems of adaption.

ii) If the potential use of the. bicycle as a power. source was taken into
: : . 7 account at the initial design stage, then’this dual use could be
Sl S accomodated satisfactorily as wellwas other design changes to enable
- ’ B local manufacture. , . 1%&.

iii) Fitting pedal drive directly to*the machine enables optimisation of
~ that particular application and is most suitable for machines which
are in constant use or communally owned and hired.z

‘ iv) The dynapod is a ‘feasible solutioﬁsfor communal ownership when a
O ,' : umber ‘of machines can be operated: in turn, or for a farmer with
. a. range of machines. . :

IR , v) The PPU, is equally suitable when operating ‘a number of machines
e T, ‘but is more’ economically.. feasible for an individual farmer due to -
e : its capabilitv as a transport device. - U :

S ‘Pedal Power Unit Design Proposal
The PPU comprises a frame with a wheel -mounted in forks. -The wheel is driven
by pedal cranks and. a chain fitted to the forks and a saddle is fitted to the

L frame. For transport\application the unit is connected to a two-wheel &
A cha581s armd.go forms the driven ront wheel of the tricyclew.The two-wheel .

, ; .-chassis is usable independently as a handcart. A sub-frame fitted to the forks

"\« -carries a secondary chain and lagshaft driven from the wheel .for.use as a’

I power-take—off This subframe ‘pivots on the wheel axle and acts as a stand

" to.raise the wheel off the'ground, enabling the power-takg-off to ‘be used -
,whether or not the. unit is fixed t0 the rear chassis (Figs. 1& 2).

‘. The primary drive train coneists of a h6 tooth pedal sprocket with a 3mm (%1n)
.~ chain driving a 2l.tooth wheel sprocket. This gives a lower gearing than a
,; ’ standard bicycle, to be suitable for load carrying. The wheel congists. of a
R Raleigh Chopper (SOOmm x SOmm) type rim spoked onto either a 3-speed
: 'Sturmey—Archer hub or a' dual threaded hub with freewheel thread on one 51de
and fixed sprocket lock-ring thread gn the other. The Sturmey Archer hub.
is modified to allow the fixing of asfixed ‘sprocket and lock-ring in the
‘same manner. The fixed 2h tooth spro ket drives a similar ‘sprocket on the"

e . . ;) 3 A

2

U

currently being undertaken by’ the author to develop the: design and evaluate

/

= e
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k 1ayshaft via the secondary chain. The layshaft is a: standard bracket axle
with provision. at each ‘end for power-take—offT—Qhe—ehains—are_tensioned_by::Z::
Jockey pulley or by m8v1ng the PTO axle housing in @ slotted hole.‘

T
§
¢

With the gearing arrangement described above the power-take off Speed w111
‘be ISOrev/min at normal pedalling rates. By eubstitution?of different
"sprocket-sizes in the sedondary chain this can be varied. If .the Sturmey-
Archer hub is- fittedﬁthis will give speeds of I12/150/200 rev/min and
, &ives a convenient neans of dltering Tatios.” ‘Because the road wheel drives
the secondary chain stem, it is used.as a flywheel for, ‘power smoothing
and enables the Toa brake to be used as a. machine brake. &

A

' problems.

At one end of the lpyshaft is fitted a ‘threaded block to attach th
secondary chain sprocket with an -extension. collar onto which a tak e-of f
. shaft can be fitted. This shaft. can be used- to connect two pedal power units
together or to dr,,e machinery. On the opposite end of the layshaft is a
similar block. withaprov151on for attaching either a pulley shaft or ¢hain
sprocket to provide drive for machinery. The shaft ubed. for interconnection
would be seni-flexiple (e g. bamboo or GRP tube) to overcome alignment

e

.f oos

It is env1saged that the unit will use gtandard bicycle parts for bearings,,fé_
pedals etc. with a fabricated metal frame, A motorcyple type steering head” g
‘is used for, ease of construction but it may be: p0351ble to, substitute a

'carrier bicycle fork; Standard frame pressings can be.used for bracket :
axles if available.,: e main frame is designed to be fabricated from mild -
steel sheetf folded. ) rectangular se¢tion tubes. A number of other
constructionﬁprocedures can be used, including fabrication ‘from - stock s

V tubes etc.‘The most suitable method will be determined by’local conditions..

- For! transport use, the ﬁhit is. connected to-a two—wheel cHass1s to form a
front-wheel—drive tricycle. The chass1s is designed to be used independently
as ‘a handcart. Connection between the two sections is made ‘at three pOints.
These are theltwo rear feet ‘of the unit and’ the topuof the handle member on
the chassis,- The feet locate in lugs on the. chassis and a clamp would connect
_the chassis:handle to.a bracket on the, unit frame just behind the saddle. .
As: long as the dimensional constraints of .the attachment ‘points, vehicle
geometry and the requirements of structural strength and stiffness are
satisfied, a great variety of chassis: designs are possible., These range
from. wooden structures with{fabricated wheels: developed from local cart

-practice toimetal frame .chassis using available - ready-fnrade wheels. The

‘designed- payload is I50kg. Two chassis designs are illustrated (Figs.3 &h)
in the mbdel photographs. One uges Raleigh Chopper wheels in a light

~ tubular space-frame, :which’ supports the- wheel axies at ;each side as normal. -
/The” other ig designed to.be fabricated from steel sheet and nses light
‘motor car or motorcycle sidecar wheels on stw axles. The vehiéle has a

. Wheelbase of. I300mm and a track of I200mm with, ground clearance below the

.chasgsis® of 200mm, The ground clearance can .be easily varied in the chassis
design to suit operating conditions. o 3 . S

A number of body types can be fitted to the chassis for different uses. Thei A
standard body would comprise 2 platform an;‘two angled sides forming wheel :

26"
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. mudguards. This gives a platformj51ze of . TOSOmm 750mm for loads up to
©. 15Dkg. A seat-can be fitted on the -gides - to carry “two passengers with
- space for luggage underneath thé seat, Tﬁe seat would dismantle to form -

.nrailer fongcods carriage. A folding

eorrin
rrrrrrrrrrrrrrrrrrrrrrrr

- CAnvas hood can “be - fitted -for wéather’pfbte tion in both applications. For
~ tipping,. the front of the vehicle can be liifted, pivotting above the ‘back
wheels. Alternatively a removablé skip can |be fitted for bulk transport.
For 'particular applications other vodies CJE be used €8 ‘tanks for water

_'carriage (up to 170 litres) o o s

.Motor aSSistance by means of a’ small two-s roke engine can also be.

' ‘employed. Although a further refinement, this illustrates the flexibility
of the design. The engine would be fitted to’ the -front fork, driving the

. wheel through the.secondary chain - system. This gives a moped arrangement,
using the peédals to start the engine. 1.5-2. OkW engines would give speeds

" of 30k.p.h. for the fully laden vehicle on level ground. Greater speeds

would require a stronger chassis and much 1mproved ‘brakes so are not

- ;advisable;’ Such an arrangement would be an intermediate stage between pedal

driven and conventional motorised vehicles. '

’Postscript

)

bicycle manufacturing methods appropriate for developing countries has
led to a variation of the PPU concept. Traditional bicycle manufacture
relies on the assembly of high quality steel tube intq complex cast or
- pressed lugged joints and. -although this results in a light frame,’the
'production of the frame components is a capital intensive operation. For
developing countries, frame construction based on box sections fabricated
from stock steel sheet would be more: appropriate. The use of unit bearings -
“suitable also for a wide range of machinery, would also simplify hub and.
" erank construction, If such a re&dpraisal of bicycle construction is
*undertaken to“evolve appropriate manufhcturing methods, it would also be s
sensible to produce a different design{of bicycle for developing countries,
based on the pattern of use., This bicycle would be designed to carry loads
of up to 75kg. or one passengefi in safety, dictating a longer wheelbase
with smaller wheels. Additionally, the bicycle would have a power-take-off
to drive machinery,:thus performing a similar function to the PPU. The

'Since the proposals described abbve were designed, consideraticn of . <(

_bicycle could tow a trailer or could be converted into a tricy¥ele by the S

addition of a driven rear axle’with brakes and differential unit, similar ;
" to the Oxtrike (see Paper 3) ‘-? S

A bicycle design similar to that outlined above, though not intended. for ;
developing countries, has been produced by the author and Ian Barwell. Having

" - won the Melchett Memorial Award for the design, prototype construction is’

underway. Many - features of the design would be applicable. to developing

- countries although the general’configuration ‘would have to be modified. It
is ‘hoped to explore the possibility of extending the application of this
‘design to developing countries and such a re-design of the biéycle would 1
complement the development of the PPU and dynapod concepts in extending the -
. number of ways in which pedal power can be exploited in developing countries.
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‘Apperidix;

Ex1eting or’ possible Machinery and Designs usingu edal Power'
- or suitable for Convereion.“”

a5

Main source of information is "ITDG "Tools for Agriculture - a buyers guide
to low-cost agricultural implements" 2nd. edition, ITDG publications 1976
§y

Numbers refer\to codes psed in the catalogue, with country of origin.,

Short number codee refer to page numbers in Ist. ed&tion of catalogue.'

Initials refer to’ designers“or souroes of information-

5w~ Stuart Wilson, Department of Engineering Science, Oxford University
AW - University of" Dar-es-Salaam L .
WE - ITDG Workshop T
BRM - Robert Mann, NCAE, Sileoe Sy -
Machine. Méchinee ueing_pedal-diive, g Machinee suitable. for .
' Lk R

Type o

7

| conversion (with existing

o

" I. hgriculture
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 Automatic | pump (sw) :
Chinese dragon tooth pump (SW)

l"

| drive method)

Godwin (UK.053H.,05

]
hand.
hand "
{Howl ( -053H,T3) hand
Codsul (India.O53H. 03)

Climax (UK 053H 01%

,72-man hand

'7Ma}zelsnellers

¥

"y

' Hunts Cobmaater (UK 071H1 09)

1

| CeCoCo
{ hand .

hand |

Allied 2071H1 01) hand
Japan OT1H1. 02)

Cossul’ (Indlﬁ O71H1 03)
hand

| Hénts At as (UK 07181, 05)

hand’

Alvan Bldnch (UK;073.07)-

ey o

| Rotary Cleanera:| < -

‘hand

—= 1 NECRTR I
Siscoma;(Senegal\973108)‘é,,

Nt

dGrlndinngllls

 Atlas Mini Mill (SW)

. S
CeCoCo-

| Gauber
1 hand _
Diamant (ﬁenmark O9IH/63)

(iapan'091ﬂ oq)7
hand .

France O9IH 02\*

hand
Atlas (UK O91H. ,0L) hahd
Dunia (Kenya 091H,06 hand
Amuda- (India 091P. o')

electric motor




¥

Corn Crushers

Renson & Cie (Franceo691H.06}
hand ~ ‘

Cereal Breaker

~ CeCoCo (Japan 095.01) hand

"

Chaff Cutter

Dandekar (India 092.0L). hand
Hunts (UK 092.05) hand

'/ Johnson Silex (South Africa
S 092.06) hand
W ) Ajantz (India 092,08) hand
; , Rajasthan (India 092.09)°
N ‘hand 4
. T - Mohunder (Tndia O71H1. ou)
' b Renson & Cie (France 071P1. 07)
. L electric motor
. I
Groundnut ‘ " Dandekar (India O71H2 01)
Decorticators } * hand
V ~ N . “Hudsons (India O71H2 03)
. > foot treadle e
Siscoma (Senegal O71H2,06)
i hand
Akshat (India 07H3.01)

Tﬁreshérs

3,

Cossul (Tndla O71H3 03)
Aplos .

Doring (Germany, 63)
VITA design

Malaysian d951gn,(HM)

‘Midget, 56

#

eCoCo (Japan O71H3 02)
foot treadle :

Cossud (India 62)

1

Winnowing Fans.

s

N

Akshat (India O7H3.01)

Cossul (India 071H3.03) ‘

Wihnow;ng Machines

-

NCAE design (RM)

- Hunts (UK 073.03) hand
'hand Lo *

_‘hand o

CeCoCo (Japan 073.01) hand
Hudsons (India 073.02)
electric motor

Rajasthan. (Tndla 073$ou) s

Rensons & Cie (France 092 12)

Rootcutie:-

5electrlc motor-

GeCoCo (Japan 092 03)
hand -or-motor ;’.“
Rensons & Cie (France Q92. 11)

Coffee Hullers

Gordon (UK 094.08) hand . -,

CoffeeyPulpers®

. McKinnon (UK 094.12) hand

Bentall (UK 09L4.02) hand
Gordon (UK -094.12) hand
& (094.06) hand

S & (o9h 13) ‘hand

Ptk iimnions e




1.

Cassdva Graters

"~ ITDG d981gn (WE)

"?;Im'Nﬁt Crackers ] ‘~Harrap Wllklnson (UK O9h 01)'
S - > : hand
‘ S R Voms. (65)
- . . ' Rapid (66)
Rice Hullers - . — CeCoCo (Japan ogu 01) =
. . hand, 2man -
Gordon (UK 09L.0L) hand
Rice Polishers - CeCoCo (Japan 0914.03) hand
E bahe’SqueeZers‘ . CeCoCo (Japan 094.01) hand

“Winch Plough

'Frencﬁ'degign (swf

2. Industrial Machines T S ' .
e ‘ A R CJ "
| Electrical Desigp (SW) using bicycle ?
‘_’ﬁenérato: & alternator : =
~{Wineh Design (SW) 1 =
o R ’ ' T ‘ ‘ : i vf
Forge-blower | Zambian design (ITDG) Z
Air compressor )
Rt h
Bandsaw- . - . -
}Fretsaw . u
‘fLathe Sk i ‘
Pillar Drill E | "
R L . »
“"[GrlndStOHEV T - e
v . J ’ | [
o \\\\-;
% o B ad
.










l.8 Paper S; Simple“Vehicles‘in Labour—lnténsive CiviliConstrpctloﬁ
: by M. Sharrock :
Messrs. Scott Wllson, Klrkpatrick & gartners

4

(Note: Although programmed thls paper was not presented at the Semlnar,
due to the unavoidable absence of the author.) .

The work’described in>this paper has been carried out as a part of the

 TBRD (World Bank) study of the Substitution of Labour and Equipment in

Civil Construction. This is a continuing programme to investigate the
prospects for appropriate technologies to employ productively the
unemplqug or underemployed labour in develog}ng countries. In.these

countries the extent ‘of completed civil works such as roads, irrigation

canals, dams, Teservoirs, ‘Tiver control works etc. is of course to a

large degree 'a measure of the development attained by the countries and -
these projects form a signifieant part of "lending by international

agencies, A 1arge proportion, perhaps.as much as half, of these investmonts
is accounted for by earthworks t8sks ‘of various kinds," ‘and the tnansportatlon
of earth and locally produced construction materials such as stone

aggregates over relatively short distances is usually the single most’

’1mportant act1v1ty withln such tasks, in terms of expendlture.

Sy

NH&Ulage of earth and stone construotlon materjials has therefore been one

of the main areas of 1nvestlgat10n in the Labour Substitution study. The
1nvest1gat10ns have consisted of work study .measurements of forty or more
ongoing construction projects in India’ and Indonesia, together with ‘
experimental field work, and processing and analysis of the collected

data., This experience has showni that these haulage activities’ are

, characterised by haul distances from a few metres to several kllometres,

«.permanent roads. R

'Haulage T'Tethod-s S

~the most common distances -for earthmoving being tens of metres to hundreds

of metres, whilst for movement™ of\s\one, distances over.a kilometre are
most frequent. Earthmoving takes place over the rather poor surfaces of
temporary haul routes usually, but when longer distances are ‘involved
quarries or borrow pits may well be sited to allow use of available

Gl -
. . ‘ . .

A great varletv of haulage methods are employed in construction work. In
India for example, at the 1abour—inten51ve _enid - of the spectrum, earth and
stone products are’ carried in shoulder pans, headbaskets, yoked baskets,
and in carts drawn by mules, horges, oxen and camels, Agricultural tractors
with two wheel tipplng or non—tipping trailers are sometimes employed, =
and the use of trucks, both tipping and flatbed, is quite gommon: In “a

addition to these’ methods, a wide range of’ heavy, western style earthmovingg[

equipment is to be found, ustally on very large projects. However it is now
recognised from the results of the study that labour! ‘and animal based -

"y

methods, can be fully competitive in terms of direct cost with the latter,

maohine—lntensive methods. It may be noted that where this holds in Indla;
the typical unskilled daily wage during the constructlon seasonfrs about
US%O 5{ and plece-workers earn up to USEI, or even US$2, exceptionally.

\ , / v




33well wi

”‘:wheelbarrows .developed for ‘earthmoving tasks and a reasonable amount of
'e'productivity data and background 1nformation re\ating to wheelbarrows is

nThe Work Output of Men and Animals ?;\ B 'h'_'vffl?lui’”

,When efflciently organlsed the. labour and animal based haulage modes have‘fh”
‘a definite pattern -of application. ‘With refererice to Indian conditions,
~manual load carrying is the most competitive for short ‘hauls, for short :
_ to.medium distances the beast of ‘burden is used for medium hauls. the
animal drawn- cart and finally, on long hauls, trucks give the lowest
unitt cost, (Unlike China, which'is perhaps even better: known for labour’
based’ construotion, in India wheelbarrows do not feature seriously in the

. existing construction scene .at all. ) -On examination of this, pattern it is

.. seen _that the-size of the load carried in each modé™of haulage correlates
3h the apprOpriate haulage dietance, as indicated in Table I B
o . -ﬁj
MJthod . L 'Typical Load Preferreéd Haul |-
: — S (kg) , Distanoé‘(m)f i
: ' T Za " : .' - £ - e
Headbasket yoked basket 35 1.0 o180 g
'_Donkey, mule S .o IOO-lSO_y :;A . 50-259 “
CCamel o~ o | 260-406
Mule cart, ox dart, camél cart| | 500-1000‘_“ ' 200-600 |
Truck s # : * g sf , hDOO B SOO upwards

o . i . ) | v
I

| —— - e
. Table I: Correlation betweeg\haulage method,;typical load oarried and R
- preferred haul distance e - , &

,,L., 3 - z

X S\ [ ‘

'The evadence for the eXistence of this batﬁern is extensive, and suggests
strcngly that the major role An: conﬁtruction work for sbmple véhicles
capable of carrying loads from perhaps IO0Okg to T .tonne| is the- haulage of
materials -oyer distances from about SOm to around: Ikm. Two such vehicles
are the wheelbarrow and the animal drawn cart. Although it is well-known

jgtorically that these have been eﬁployed in earthmoving, little L
~quantitat1ve information has been a¥ailable evern - though their use has
continued up to. the present in some parts of the world.,However, some
success has been obtained duringfthe ‘Labour Substitution study- with

(38

. now_‘being assessed. In- India the tlse of animal drawn~earts for earthmov1ng _
‘has been developed to a very efficient 1evei by petty contractors frOm g

,particular areas,-and as a result of observations ‘at several sites some -
- progress’ caf now be made in: analysing this mode of haulage- also. Literature. ’

{'studies have been made on human’ ergonomice and*the work output of animals
:'f(Refs. 1 & 2) and work is continuing on_ the ahalyais of wheelbarrew and
i animal based haulage:methods (Refs. 3 & h) Some-.of the initial findings

in these ‘areas are discuesad briefly in the following seqtions. LTy

\ 5

\\The physiology of" méﬁ, and. of the mammalr used for work purposes is - o

genéral}y\similar. It is thought therefore that the follow1ng diecu851on':> '
-ofthe work output. of men"in relation to construction activities should" -
‘serve to 111ustrate principles applying also to animalsé,However some - data =

PRTERE




“arrived at in several ways. For examplq, it is w1dely recognised. that an o

Vthan a fifth of this remainder can appear as useful external work due “to

“mechanism. Hence, converting to the &tandard unit for powér an output of -
- 60 watts can be postulated for activities utillslng a substantial portiohn

con91dered carefully. . , ‘

and cannot ‘negotiate long slopes of more than L or 5% when running on good

-of their l‘w\>ower-to-weight ratio. A 'ball park' value for the operative

.weight ratio apnea 8 to be in the region of 0. 6kW/tonne, for short- haml work."

1t can bhe helpiul ln thlnking abouf/;;higow ed devices, to regard a man
as a prime mover capable under ideaT %ond ons of developing roughly 60

watts of power over an extended period) This flgure of 60 watts can be
'average' western man has the ability to convert food into energy at a rate -
of about Skcal/mln. Approx1mate1y Tkeal/min of this is required to sustain

life processes, leaving hkcal/mln f r “physicalk act1v1tles. Not much nore

the level of efficiency of the energy conversion process and of the human

of fthe body's musculature. This quantlty 18 meant to be comparable with the -
brake horsepower figure for a vehlcle, Jt may be. noted
This simple view is useful to set a perspective for man-powered machines. In =

civil construction and other heavy work particular factors to consider are
ag follows: -

i) The body ‘has a ceréain reserve capacity of energy which enables
greatly increased power outputs to be sustained for short péripds - up

to perhaps ten times for a period of the order of seconds, but double

or treble the 'continuous' rating may frequently be developed for mlnutes
‘at a-time in“heavy manual work. .

11) When the reserve capacity is used up»by heavy work, rest is essentlal
- 80 that replenlshment of the energy reserve can take place. The higher the
maximim work Tate, the more frequently rest is required The overall work
output falls somewhat when frequent short® peaks of effort are made,
compared ‘with a continuous steady effort,

iii) The work output (and necessarily the food infake),bf workers
habitually engaged in manual work is likely to- be hlgher than that of
the 'average' man, for the same body welght. - _ ) "
Thus in const ction haulage: actlvitles, sinée the haulage process is -
essentially c§§iic in nature, with a relatively demanding haul-laden period
alternating with a haul-unladen- period during which rest can be taken, the
rate of working is cyc11C°also. Brief periods of high power output of the
order of a minute or so, alternate with rest periods. In making comparison
with continuous effort such as long distance haulage of goods, or much
agricultural work, the cyclic nature of construction haulage must be

Character’isticsbo"f Wneelbarrow and Ajimal Cart Haulage
EXperlence indicates that barrows and carts are very sensitive to gradien
earth“surfaces carrying their normal short-haul loads. This is a consequenc

power-to-weight\ ratio of laden carts and baﬁrows is suggested ‘in Table 2, .
compiled on the sis of informed guesswork, where the b.h.p. to gross . T

e
@
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Haul Method L ’ ! Wélght (tonne) Short Period Power to
“”@J /ﬁ’ ~ Power Output | Weight ratio
Hadler. .|/ Vehlcle ' Load | "Total S kW kW/tonne
Wheelbarrow /j?‘oioSE;ff;w 0.03 'Q:I?v:?03f8§ .12 .65
Mule Cart® G;h ; gﬁ€¥9157:k“ Ofa v 1.7 g .53
“Camel Cart 0.7 | 0.6 1.0 | 2.3 | 1.5 > .65

|
/

*  Table 2: Power—to;weiéht ratio of laden carts and barrows

Special measures such bs provision of ramps,. use of extra haulers or:
arrangements for wincq assigtance are necessary where slopes have to be
climbed if a conalderable reduction in payload is not to be suffered+—In
view of the low power—to-welgnt ratio it -is important that rolling
resistance is mlnlmlsgd It seems likely that rolling resistance commonly
amounts to L-5%, given a good earth surface and well inflated smooth’ ==
pneumatic tyres. Any marked increase in this value has a serious influence:
on ability to climb slopes with a useful payload In Indian practice,
where a rise of more than I to 2 metres occurs in a short haul, animals
carrying panniers are generally used in preference to carts, ng doubt

because their superlor climbing abllity makes them more economic in these
circumstances.

Animal ! carts used for earthmoving, although similar to road-going carts
are gpecially constructed for the earthmoving task, as follows:

i) The harnessing arrangement often enables the cart to“be partlally or_
completely tippe to speed the unloading process. o

i) Pneumatic tyres are used - either ADV (An1mal Drawn Vehicle) tyres v
or truck tyres, the tread may be- ground of£+t6 give a smooth round ;
~~ profile. - , : .

\ 111) The body has shallow sides or a simple flat platform to make hand
loading as easy as possible. , /

-

These carts are produced by very small scale manufacturers. Where some ‘
‘advanced technology components such as tyres and roller bearlngs are .
émployed used secondhand parts are generally fitted.-The body and much of
thehmha351s ia of wooden construction. The major reason for fitting - va o
pne \atic tyres to these carts is probably that conv?ntlonal narrow wooden

or metal wheels are.at a partlcular disadvantage on earth surfaces because

they cagse a rapid deterioratlon ‘of the running,surface, with consequent
increase\of rolling resistance due to deep rutts and deep layers of dust.

Tables 3 & h glve typﬁeal details of animals and earthmov1ng cartsr

L7 T | Speed. Typical Load Cart, Purchase | Typical Chassis
L “km/hr | kg Price.US$ Tyre Size | Life yrs
Mﬁiéﬁbéié 3<li.5 800 1300 6-19 6FR [+ 5
ox Cart, | 2350 | | moor .| 10 TS TR | 5

: L?dmeloCart 3557 000 - ;f?;%; 170 " " | 9-20: TOPR 5 -
ST e - .

Table 33 .-

[}
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Characterlstlcs of animal drawn earthmoving ‘carts
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7 - 3 } ya :
| | : k ;//
Animai A Appfox.“CoSt ‘Appkpx.«WOrking)‘ A Appro§//feediné Cést
: s d | 'Lifq yrs : $/ working

Donkey | - 30-70 10 0.1

Mule T00-180 _ S o 0,5-1,0

ox . 70-100° . Is 1.0

Camel . ‘F‘220-33O ol g “15 - : 7 Iah )

Table L: Characteristics of draught animals

Some forty wheelbarrows of different types’ havé been used in extensive i
field work during the study. These have been of five basic patterns:

ig Two-wheeled barrows p E
ii) U.K. style single wheel ; j
ili; Chinese style large diameter 51ngle wheel ; : [
“Swedish style single wheel ! o

v) U.X. body pattern modified for large diameter 51ngle wheel, %

-

The types of wheel used have included small cycle wheels, scooter wheels,
motoreycle wheels, wheels with solid rubber tyres and all-metal wheels,
running on wooden' planks, beaten earth, or steel pipe. Load” capacity has!
varied from 60-200kg. Generally all—metal constructioQ has been used and
this seems to be justified by the long working life which can be achieved,
bearing in mind that equipment used in civil construction has to be of a
very robust character. It has been found that wheelbarrows are superior

to headbasket haulage beyond about 30m haul distqnce, and are a viable
alternative to animal haulage methods up to perhaps 200m. Generally
pneumatic tyred single wheel barrows are to be preferred., Some of the reasons
for this choice are as follows, It is seldom possible to obtain a completely
smooth running surface, and pneumatic tyres cause considerably less strain
for the hauler than the steel or solid rubber type. A good wheel is an
expensive item and has to be fairly heavily made to withstand the working
conditions, therefore the fact that a single wheel barrow is 11ghter and
cheaper than a two wheel barrow is a significant point. For the Tange of
gradients and running surfaces commonly encountered, the load which can be
carried is not high enough to cause balancing problems to an extent which
would justify use of two wheels, Prepapation of barrow runs is also
simplified for single wheel barrows, For hauls longer than I00m a large
diameter wheel and greater load capacity as exemplified by the Chinese
style barrow is most effective, providing gradients are minimal. Particular
circumstances can -lead to alternative choices, it should be noted. For
example, very good results have been aohieved with a metal wheel running on
‘a single steel tube rail, and where the position of a haul route does not
have ,to change frequently this system could be most economical. As another
°-examp1e, for winching heavy loads up long steep slopes the better stabilitfy -
- of a tqo wheel barrow might well be essential.
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"ﬁll'? Lo 1.9 Second Discussion Period . 1 _‘ o R P
' The discussion centgpq&on the suitability of ocunrent: bicycle designs to the
. needs of developing countries; in the U.K. the cost of a bicycle is L
- approximately -one week's wages, but for mosi peOple in developing countries ‘
‘§f1t represents several ‘months' *earnings. It was suggested that there is a .
 need-to develop bicycle designs which could be locally manufactured by.
~ small ‘scale enterprises at a low unit cost, utilising imported materials
- ~and components only when suitable substitutes are not locally‘available.
- It was noted that, ‘in additionm:to the activity outlined in Mr. Wilson's
T . paper work is in progress, under ‘the direction of Messrs, Franchi and
BN ‘ . Vegoda, on a new bicycle design which might meet many of -these criteria,
e ot  and which would require only a very limited number of ifported components.
Participants were cautioned that it is dangerous to dssume that all
o ;. developing countries have the same requirements since conditions, and the
: SR f~‘avai1ability of skills and- resources, vary greatly from one place- to another.
t T < |
The discussion moved on briefly to the methods by which ideas could be
transmitted/to areas of need. It was noted that ITDG is able to work
- effectively with industrialists in this capacity through its two ’
v sub51diaries, “the Industrial Liaison Unit and Development Technigues Ltd.,-
" who have already undertaken a number of successful progects where such
collaboration was 1nvolved. N, - _ i
) 2 % ’ } " . S f v
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. 2. Session 2

2.1 Paper 6% Small Farm Vehicle ; _ Y
by R. Wijewardene

International Institute of Tﬁgpical Agricultdie, Nigerié

n 1 i

d 3 S~ ) - £ Al
~and slide series, and the subsequent discussion has .been prepared by
the editors. o .

Dr. Wijewardene's presentation described the development, some gix years
ago, of a Small Farm Vehicle (s.F.V.). The work began with a survey carried
out in 'Malaysia, wh;ch-showed that between 70 and 80% of the population
were engaged’iq agricultural activity, and that something of the order of
70% of that activity involved transport. It therefore appeared that

* ‘appropriate ‘desigps of self-moving vehicles for agricultural use were of
the utmost importance and could have far reaching effects for a substantial
proportion of the population. The conventional farm tractors were not

" considered appropriate -since they are-in essence a mechanised replacement
for the horse. Their design stemmed from the assumption that the system of
farming, based on the use of drapght animals, was fixed. _

. N

The approach which was adopted was to define the peak labour dé@ands ;

involved in tropical agriculture and to apply modern technology to those

demands, The technology had to be of simple form in order to make it both

accessible and attractive to the farmers. The result of this work was the

5.F.V. The design requirements for the vehicle were thats -

i) it should sell for no more than US§ I500 (I97I prices);
ii) it should be able to negotiate ditches amd swamps;
; ) 1ii) it should have a high level of manoeuvraﬁility;
‘g : iv) a number of implements could easily be attached;
' v) it could be used as a4 basic transport vehicle.

a

}; - The design that evolyed hagd °four<wheel-drive, each wheel being independently
‘ ’ , driven. This enabled steering to be achieved simply by differential wheel

1 gpeeds, thus allowing very high manoeuvrability with a minimum of mechanical
= ~“components. ‘Power was provided from an TIkw petrol engine which was also
. sucecessfully operated on methanol, thereby removing the necessity for an

ignition system, )

. y g i
" 'The vehicle had a re-inforced plastic/plywood sandwich shell which formed
an integral body/chassis. A modern image was presented in order to make
the vehicle compatibl® with current aufomotive designs. This was considered
necessary so that farmers would not consider that they‘were buying a
second-class product while the urban dweller got the-best. Very low
pressure‘(o.lékg/sq. cm. )- balloon section tyres were used so that ditches
and swamps could be negotiated, and this proved to be very successful.
However thé latest thinking is that better performance can be achieved
uging veéry large diameter tyres with special treads which cut a track
through the soft mud to bite on the harder ground below.

e
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Work is currently centred on producing a viaB!‘s/zectrlcally powered
vehicle, but there 13C§t111 a considerable amount of further
development requlred before such a deVJCe becomes a practical farming
machine.

Discussion o o ‘ : . ‘ -

~

In the discussion that followed various points were raised relating to , A
tyres and wheels. It was stated that a further advantage of. large diameter
wheels was that it was easier teo negotiate rough ‘ground both because

of the angle of the tyre to obstacles, and because of the greater ground
‘clearance which could be achieved

In discussing the power requirements cf'agricultural activities, Dr. .
'Wijewardene stated that many of the ploughing tasks could be eliminated
by greater use of mulching. Were this to be done then total vehicle
power requirements could be substantially reduced (perhaps to hkw)
since it is the ploughing operation which uses the most power. This
approach would greatly increase the utility of two-wheeled tractors
driving a variety of implements.

v;‘“: 3

Tllustrations (following page) ’

| ' Flgure‘I qnowe the S.F.V. with the seat removed. The engine, body/cha551s ;
unit and parts of the transmission system can be seen,

: k Figure 2. Shows the S. Fh‘t being used as a- transporter. T

e

gures 3 & l;. Show the S.F.V. performing agrdicultural operations with .
‘ ‘impléments attached W 0

,‘a
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. At the time of the year the farmer wishes to do the cultivation the soi

'plantlng ‘date, leading to reduced . yields. The farmer does not have a _t :
- large enough holding to be able to afford or use effectively a conventiondl -

"f,it can negotiate a'I in 3.5 slop

2 2 PRPGT 7 SNATL Tranqport 'lf’ .

- by C Crossley, J. Kilgour & Jo Morris ”
National College of Agricultural Englneerlng, Silsoe v

Technical Considerations o o

The SNAIL is a simple tractive device designed fcr manufacture and use
in developing countries. One of the problems facing many farmers is the|
need to cultivate the soil at the end of the dry season to allow the '
planting of crops at the optimum time to obtdin a good yield at harvest

is very hard, and neither hand nor animal techniques are véry effectjve),
so the farmer usually, waits until the first rains. This results in .a 1

tractor. Attempts have been made to provide a small tractor but for a e
number of reasons this is not technically fea31ble. A possible solution

is the SNAIL. (

The SNATL: cultivating system COHSIStS of a motorised*self-propelled winch -

which can be anchored to the ground with a sprag. A modified ox-type
plough is pulled towarde the winch by a wire rope. Two men are- required,

orie to drive the winch, the other to drive the nlough..The operationjis as
follows. The implement is placed in ‘the field where cultivation is t

- start, the wire rope is attached and the winch is driven across -the field

unwinding the rope. ‘When the rope is fully extended or at the end of the
field the driver disengages the wheels and engages the winch-drive,[As
soon as the rope.starts to wind in, the sprag enters the ground “anchoring
the winch firmly. When ‘the implement is pulled up to the winch the /drive
is.disconnected and the wincn is driven off again unwinding the Tope to
start the next cycle. In this way it is possible to use a small en‘"ne to

~pull a large load without the problems of wheel Bllp and weight fogr

traction. @ - /

A number of prototypé machines wgrking on this principle have been built

and tested in Malawi under an ODM Résearkh Scheme (Refs. I& 2)J An At
. economic study was fhade in 1975 (Ref. 3). This showed that the/machine is
- techniecally capable of primary and secondary cultlvation of ah 8.1 Ha '

holding (20 acres). but economically less attractive with the/particular
de51gn due to the- hign estima ed productiog costs-at the time.

T o
By re-arranging the cOmponente and adding a “pair of wheels/and a box the
machine cah.be made into a self-propelled trailer. The trailer body is
I,700mm long, 1000mm wide and L4BOmm high. It is fitted with two L0OO'x 8

* tyres and'iis capable of carrying a 300kg payload at a maximum travel speed

on the flat'of 7.2k.pah. (Fig. 1). At full engine power o? a hard surface

L /
o]

Smallholder farminhg systems vary \o suit the natural conditions as do the

-yields hat the. farmer can expect. Such a machine is most likely to be
Mintroduceé in the goverrment development areas. where marketing, credit
- and exten ion facilities are available. Three maJor farming situations have

L2
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been selected for the purpose' of evaluating the appropriateness of “the
SNATL system (same situations as used in Ref. 3) as a transport device.

Table I shows the area under the prinoipal crops in these- situations.
Tzhle 2 ‘shows the quantities to be, transported in kg/ha for the prlncipal
., crops. The ‘quantities to be & transported before harvest are-small and are
igriored  in the following analysis. It is assumed that the farmers wrll
wish to transport all the yield to market. L \&

The transport distances can vary ‘¢onsiderably depending on -the distance
between the-garden and the household; where it i's assumed cleaning, '
processing and storage takes place, resulting in an average 33% loss in
‘weight; and between thé household and the local market where the erop’

‘is sold. Of the range of distances gquoted for the land develgpment areas

a distance of 0.8km from garden to household (T.6km return journey) ‘and -
6.4km from household to market (I2.8km return journey) has oeen taken for
‘the analysis. The: travel -speed of the transport has been taken at 3.6k.p.h.
(half the maximum) to allow for loadlng -and unloading twice and unknown
\*--~delays. The fuel oonsumbtion has been calculated on the bas¥s that the
enginé is working at 50% of maximum power (de-rated for Lilongwe altitude
and amblent temperature) and for the particular engine used is O. 58kg/hr. ]

‘ " Table 3. shows the transport requirement for the crop harvest for garden to

. household and household to market. The number of hours taken and the fuel
-used is quoted for the 'a?erage -yield and for the: 'best' yield expected
by the more progressive farmers.

o
N 4

The harvest’ time is at the end of the rains and for the crops listed
occurs during March, April and May, the_ prec1se time depending on e .
timing, duration and intensity of the rains for the particular year. There
is a considerable labour peak at this time ‘of year and in. the three cases
' considered often a labour deficit- (Ref 3. This will probably mean that
some of the crop will be harvested late and consequently be of lower value-
or lost entirely. In the worst situation® the farmer will have to spend about
six days on crop transﬁbrv from’ the _garden to the household. With head
porterage as the ma jor transport method transporting accounts for a large
prOportion ‘of the total harvesting labour requirement. Since a reasonable
head load is 10-20kg for a long- -distance and hG-SOkg for a short distance
with a maximum travel speed of L.8k.p.h. this will take the one man
‘approximately eight times longer than SRAIL transport from gardgn to
‘household. Using the SNAIL teansport system may well avoid the labour
. deffcit at this time, so . enabling all the crop to be harvested at the
. optimum time.- , . , .
k § ' Transport from the household to the. market takes considerably longer, even
: though the quantities of the final product are less, due to the longer
' distances involved. This ig likely to take place during the early part of
the dry season ‘Wwhen there is little or no work to do on the land, so it
:would ‘seem that up to thirty days taken on transport would not present.a
time problem. This is°the time of year when people travel socially so-this
actavity may not be’ considered as Just a chore.

g . Ve
e - o




From this 31mple analysis 1t would seem that the SNAIL transport system
could be technically satisfactory for these situatlons. ' R

Economlc Con81derations = lﬁ ,@f:g/ '
Generally, . transport and communicatlons are(ho
«in developing countries. For the peasant farme rocessing inputs and
marketing produce is oftemr serlously constraine_ v inadequate transport )
_1nfrastructure. Where 1mproved transport servicé‘ are available, they

are often prohibitively expensive. Accordingly, sfallholder agricultural

costly ‘and problematic

‘... schemes emphaslse the importance of improfing rural transport facilities.

At present 1n Malaw1, feet bicycles, ox—carts and -buses prov1de the main
. methods of transport for smallholders (Refs." 5, 6.& 7). Smallholder\caaﬂ
| spending on transport is_low, faccounting for an average 6% - of farm
expenditire (K1 per holding in 1968) (Ref. B) and, as mentioned earlier,
most transporting of marketable produce in Malawi is performed post =
harvest by low opportunity.cost. 1abour. One. recent smallholder transport
survey (Ref.: L) estimated . that- of householders selling produce outside

- the area under con81deration, T0%. canxied iﬂﬁby foot and I}% by bicycle.

.

Estiftating costas for alternatiVe smallholder transport methods 1n

N

o deyeloping COuntries is difficult both ‘because few such transport st ies

have been attempted and because smallholder transport methods do n &ﬂ:' :
_always lend themsel s to conventional costing exercises, particularly S

where otherwise unemp}oyed family labour represents the maaor component
'cf the transport system. . .- : : : .
Costs of transport vary conslderably between commodity types, transport
‘methods and -distances covered. The figures of a I972 survey showed the"‘
costs of head porterage in Malawi ranglng from K0.18 to K10.M9 per tonne
kilometre over distances. ranging from” O, hkm t0 6. Likm, averdge 2.6km. '

‘Average ox=cart distances were 2km., the greatest distance being Lkm. and:

costs ranged from K1. 16 to K1, 83 per tonne kilometre. Pick=up trucks were -

“cqpsidered to have the cost advantage’ over distantes greater than l.8km,
costs per tonne kilometre being KO0.55. Qver short hauls of I. 6km pick-up
~truck costs were equivalent to K3.23 per’ ‘tonne kilometre. Observ1ng the
increasing popularity of. ox-carts which are relatively inexpensive to
purchase and have negligible operating: fsts, the survey considered that
‘ox transport would take over :as ‘the  mosty: mportant short haul mode of:
s~conveyance. At present however, only 5%!
~oxen. L

_r -

fIn recent years, the smallholder agricult ral deve10pmept schemes,"
recognising the importance of readily- avahlable transport in éncouraging N
farmer marketing responge, have provided tractor/trailer transport to

peasant farmers at various lévels of subsidisation. Forgexample, Lilongwe R

Land Development Programme, Central Malaw1, collects and\carts to market -

“. the produce of those farmers who participate in the scheme s-credit v e
packages. The charge for transﬁort, at X0.30 per bag for maize (equivalent -

to K3.2L per tonne or KO. 61 per tonne kilometre) is deducted together.

with charges for geeds, sprays, fertilisers and credit from the ‘farmer' s
"revenue at the p01nt of delivery to market.' TR AN v“ff”
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| The SNAfL‘transport method is considered to offer an ﬂlﬁernaff;é' .
\ transport fiode for short to medium (6.5km) distanee hauls: Engine powered. .
transport devices, however smalllwarewexﬁéﬁéive to purchase and operate. \
\ A wajor advantage of'the SNAIL transport system is that because the power N
\ unit(is primarily used as a cultivation device, the major part of the \ ‘
annual fixed costs are attributable to field work activities. The multi- \\“
purpose aspect of the machine allows fixed costs to be spread amongst ,
! different operations. The fixed cost proportion. absorbed by transport N
i activities will depend on the. relative importance, in terms of annual ‘ L\
i working hours, of the transport activity. In the farm situations quoted
earlier it is egtimated that the fixed cost percentage allocated to
transport is of the order of 20-30%. - , y
\ - ° T e
SNAIL Costs

The estimated purchase price of a -SNAIL manufactured in Malawi (1975) is
K1500. Assuming a’life of five years the annmual fixed costs of ownership -
are estimated at K410, The hourly operating costs of repairs and
maintenance, fuel and oil total K0.87, excluding labour. Workipg its
annual maximum of 8.1 hectares involves SNAIL. in an estimated 600-700
operating hours. The time spent on transport is considered as a fraction
of this latter figure to derive a share’of fixed costs attributable to
transport. - e - S f

A

An examination of the costs: of SNAIL transport (Table Li) reveals an
approximate cost of K3 per tonne kilometre excluding labour. Relative
to existing alternatives, particularly-the use. of ox-carts, the SNAIL
appears expensive. The major reasons for the ‘machine's high costs are
'itg considerable annual fixed ¢oats (KLOO compared with KBO for a )
complete oxen-and equipment team) and‘its slow rate of work (capacity X
sﬁeed)'relative to. othei mototised transportiforms. In examining farmer
transport*requi}ementﬁ, examples are based on ':1 hectare holdings, as,
this represents the ggasonal capacity of the SNATL cultivation device.
In many developing,po@ptries‘avgrage holdings are much smaller than this.
'In Malawi average holdi¥g size is I1.52 hectares, only 2% of holdings
/being above 5 hectares.”jOn. small holdings the SNAIL device: is difficult °
| to justify, the costs oT ownership and use being prqhibitivély high..

.

o

Using SNAIL”inkthe transport mode as a substitute for head porterage .
considerably reduces the labour |requirement for harvesting and marketing
transportation. Improving labouﬂ productivity and easing labour bottlenecks
during the harvesting period can be particularly important.in realising

the potential yield increases from better inputs and husbandry practicgs -
during the production year. In Malawi, dlle to the-marked unimodal ’
rainfall distribution, the farming calendar is characterised by a period
of intense agricultural‘activityﬂ(Novembgrprril) after which'crops are

r% period. During this latter period, -

marketed during the subsequent d

labour is underemployed and has very little opportunity cost and no ;
_premium for tipely marketing is. offered to farmers. Generally, transport -
, " to market proceeds at a leisurely pace. Where dopble crophing is possible,’
- however, and the opportuynity cost of employing labour in transportation
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kis con31derable, the SNAIL device could prove & valuable transport asset .

partlcularly where farmers arexrqurded for timely marketlng. In a. 51mllar
vein, where the opportunlty costs of keéping oxen on the land are. hlgh
the use of a small, engine Dowered device such as SNAIL becomes more

attractlve.,T o . N _ , S

It is in 51tuat10ns where -the hidden costs of tradltlonal hand or anlmal
powered transport technology are high that small, englne-powered ’
transport devices prove. most beneflcial.

.

I. CROSSLEY C P, and J KILGOUR.

The SNATL in Mg1awi. wOrI&;Cro's, 197L;
26 (u), 170-2. o '

s

2. CROSSIEY, ‘C- P, KILGOUR J, and T B MUCKLE. Low:cost prlmary cultivatlon.'
" National College of" Agrlcquq:al Englneerlng, Occasxonal Pap°r No. I.
- Silsoe, 1973 (N.C.A.E. ) R ' )
3. MORRIS, J. A flnanc1al -economfc fea31b111ty study of SNAIL in Malaw1
S 1975 (N.C.A.E. ). 8 ~ : :
- ly. . ANON. Agrlcultural produce transportatlon survey. Ch]kwawa Cotton :;“
o Developmnnt Programme Malawi, I97L. ‘ -
Se ‘AGRO-ECONOMIC SURVEYS. The town markets of Lllongwe. Agro-Economlc. /
" 'Surveys Report No. Il. Malaw1, I97h . N N /
6. AGRO—ECONOMIC SURVEYS and NATIONAL STATISTICAL OFFICE. Zomba town'maiket
»-':jsurvey 970~ I971 Malawi, I97I I i
T AGRO-ECONOMIC SURVEYS. Marketlng of‘smallholder produce in Malaw1/ ~
" AgrohEconomlc Surveys Report No, I6. <Ma1aw1, 1975, o .
8. NATIONAL STATISTICAL OFFICE.

National sample survey of agrloulture 68/69

Malaw1, T970.~ (Natlonal Statistical Offlcej.




s

Y ) S "
. \‘i Y ke v o
o — P i e — _ "
= . s 4
T - i “
. w
Al .
'
: = ‘
S - : . )
. . :

*sTRTIs}BW FUTPTING 9800Y pue

Surxooo 2T}S9WOP IOJ . poom aze jI0asuBRI} Furainbea-swaly I8yjio '410dsu2l; )

axInbax pue sdoxo ysee awooaq Leuw sdoxo ayz uorierndod J Jo-s323uUd2 ayj-Ieay
*gaTddesutd pue med med *seueuEq tageqqBO *SUOTUO ‘sqomleo ‘gaojejod~*saojejod
}ooms ‘1ar{tm *3*a uotqdmnsuoo UMO SISUIB] aqqixo; unox% 9Ie sdogo laypo Luey

* 1axxem 04 jxodsuer} Juirinbax jou sdoIo 20U918TSQNS 89 OF pOUMSSY x°
= — v /
r ‘ - '  mOTTRd
ogtst | : | | soTy
'VOZ'Lff R D ) J' ] i B , x BAESSE)
B : -?§§'0" o e N % mnq%zos-
o R [ womoo
1g*0 * 18°0 TsasTnd
3 N - 89’L , ooo‘eqoivw
‘*3% .
SRR ., 91°0 Ry Z29°i SINUPUNOILY
L 180 Cgnte S0°M 32Tl
wre 301y wIeg uojon | e "
BIuoIBY. BMBMATUD aMFUOTTT e /dox)
(Eq;pIoH@agﬁqan Lfg)'/sdoxd gnoxiEA Zapun sea;v ‘éuo;;enq;g Sutnaey xoley
. R ) i;
. - ~

11 9Tq®L

-




& . L e / 1
. f;r:i - > & E
¥ - , ------
. i . .
E / °
P : . . ~.. i
o - R v
. v . e
_—
§
\ .
. ’ R i s
s . - doao uoseas'KIqé
; S : )
. v _\ - doao uoseas’gaﬂL
: ’ ,"\ b ’ \ . R
s . \ i Iu SR
= 1

095

LOOL

goLn

188k

£96 .

thee

- Moge -

4

3s8g

g

oste |

29€¢ .

ogtL

. »‘sﬁﬁ

\ 098

6001 .

.AV"

o 3eNTEy
o
pToYasnoy™® ..

6£8

€151

190L

»ﬂﬁosl~¥

889z |

s

a9£E‘e

zozh

ta

359g

LL9

€04

i

mos -'.;:,.,

6181

B

LL9 - S~

6€g.

£1st

.Av

" proyssnoy A
o3 : PI?YX
uepIen

.

4

88 -

)

T

4sng aaydrng |

oLE

4
Al

Lig

- 08e .

0se

o

TosTIT3I0,

e

- [95/879T

)

.99

~L€/Sa

06/L9

paqdetasdex¢
'~ Loto.

 99/9°Ne

7 i
' ASPBGS &

;’¥’-.

gagsng |

Lppeq

" e93300

pa;u;e§?‘>

2 1-0

03300 -

81 0UPUNOIH h

A

‘000€q0g,

T ezTBW

.

 /59?435“

-

:éIéQQaH/Exipaggpdsuex4

aq:oq sax;?#uenb

-

]
B »

i

e

PTaTK | o

L T
Fgewer, ..




~

o i
) Table 3: ,m Transport wmnﬁwwmsmnw LOHo@,mmH<mmd .. ,.. _ - e
i 3.1 M Lilongwe (8.1 Ha. holding) S ¢
. , | \ |
" — S F .
OHOU\mm | Garden Number of Total Fuel House | Number of | Total 1 Fuel-
o - to _ Ho o . to , . Hours
Household Journeys Distance urs Litres Market Journeys Distance . Litres
" kKg. km., . L . kgo o 1 km .
- Av. 6127 20 ‘322 | 8.9 6.5 Lo86 | . 1k 179 o.7.| 36
« Maize i ] o : ] : e
L.05 Best ||- 17018 57 91.2 25.3 | 18.25 161 | 38 L86 . | 135 97.8
| Av. 1087 L 6. | 1.8 1.3 730 3 38 . |~ 10.5 | 7.6
Groundnuts - . " — —— :
1.62 Best 2339 .8 2.8 | 3.6 | 2.6 dB60 L 5 6L 17.8 1 12.8
. ave I 1389 s | .8 2.2 1.6 %7 | 3 038 | 1060 7.7
‘Tobacco — : - - - o
1,62 ©  Best || 5LL6 18 28.8 8 5.77 3630 12 15 L3 31 €]
. . Av. 543 2 3.2 0.9 0.62 364 2 26 5.25
Pulses ; : - : : :
0.81 Best 679 3 " L.8 1.3 0.9L S LsL - 2 26 7.2 .5.25
Av. o : S 13.8 | 10.02 : ] 8 56.5
Totals T , E—
Best : - .} 38.2 27.5 4 , 203 1L6.8
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" Table 3 (Cont.): -

>

* Subsistence crop
»

3.2 Chikwawa Cotton Farm (8.1 Hectare holding)
Crop/Ha Garden- Number of '| Total i . - Fuel House Number of | Total Fuel
to , . Hours . to . |, Rt Hours .
Household | Journeys Distance Litres ‘Market.| Journeys | Distance H Litres
kg. . : km. - kg. ” km. o
: Av. 3676 12 079.2 5.3 | 3.8L 2452 8 102.4 28.4 20.6
Maize T -
2.43  Best|| 10211 3k Sh.bh |15 {10.87 6808 23 |.29L.L 81.8 59.3 -
Av. 107 7 1.6 | 0.Lh] 0.32 72 1l 12.8 3.6 2.61
1 Groundnuts - : 7 . . .
10.16 Best 231 1 1.6 O.L4L| 0.32 154 1 12.8 w.m, 2.61
av. || - 8170 27 b3.2 |12 | 8.7 513 18 o 230.L | 6 L6.L
Cotton - V , U — -
L.86 Best || 13063 F Lo 70.L Am.m 1h.1 91L2 30° awmr 106.7 T73:
AV, | i
Sorghum* , -
0.65 Best ’ “ < %
.oA i i
| Ay. _ 17,74 112,86 || - , 96 69.6
Totals — ‘
Best 3L.9L125.2 . 192 139.2




" Fable 3 (Cont,):

Rice Farm (8.1 Hectare holding)

25,3

3.3 Karonga
.OHow\mm‘ Garden z&Bde of | Total @cmw mowmmF zsadmd of-| Total Fuel
: to | : Hours : to Hours | °
Household Journeys Distance .hwﬁﬁmm Market | Journeys Uumamdom Litres
X kg. km. - kg. ) » km,
Av. 1225 L 6.4 1.8 1.3 817 3 38.4 10.7 7.76 °
Maize ; : S -
0.81  Best 3404 11 17.6 r.m 3.55 - 2270 8 Aom.r 28.4" 20,6
f v SLL T 3.2 0.89 0.6l 361, 1 12.8 3.6 2.61
Pulses : i —
0.8% Best 679 3 . L.8B 1.3 0.9L LSk 2 25.6 7.1 5.15
AV, 9800 33 52.8 1.7 10,65 6540 22 | 281.6 78.2 56.7
Rice : - — : —
5.3 Best 26733 89 1424 ww.m; mm.< 17819 59 75542 209.8 162,17
Av.
Cassava* -
1.2 Best :
Av. . L 17.39°  -12.01 92.5 67.07
Totals il
Best o0 LS. 8 33.2 . 177.8

* Subsistence crop




., 2.3 Paper 8: The TRANTOR and the Cellular Production Syetemf?orflndigenouef.'
o N Vehicle Manufacture S Lo ’

by G.A.B. Edwards ' E o : : }_

Trantor International Ltd. T S o )

Part ]. The TRANTOR Progect ‘as’an Industrialisation Package : .
Lo General Strategy AR T
i The TRANTOE is a general purpgse work vehrcle and 1t has been designed and
: built in Britain. It enters a market which is currently satisfied by the"
B makers of tractors, Land ‘Rover-type " vehicles” and . 1orries and trucks up to~~ .
. about 8 tonnes. The combined world population and future market for all the
FR " vehie] es in these categories produced by Maeeey—Ferguson, Toyota, General
; Motors, Fiat " Ford and others is so large that by obtaining. 1% of the. market,
R  the TRANTOR. progect would achieve great success. For example,=800 OOO tractors .
S are produced and sold each year.r', ( e i o -
" The product is particularly noteworthy because of rte wide,range of general
" uses and our policy is to .ensure that an appropriate TRANTOR is seen, tested
T and thoroughly examined in each of the countries and regions,; of the world :
s - . . where production may be established or the vehicle used, If a country is 4
' beginning to esiablish its own;motor vehicle’ industry then TRANTOR e Lo
. manufacturing and assembly ought to: be. incldded in the most basic needs of
“the nation concerned because of its use as a car, tracter, truck and lorrye.
TRANTORS . plough and take the full range of farming equipment. The trailing
‘capacity is 10 tonnes with unbalanced trailers,’ aﬂﬁ the .vehicle, which has
L an integral safety cab, ¢an cruise at 80 k.p. h, 'TRANTORS dperating as rural
A . buses; with appropriate trailers, can carry up to thirty people.{They,include o
‘ ' ‘_Category 2 tractor linkage equipment.:w - “

A%

I SR The.’rimary aim of ‘the TRANTOR progect is to prov1de all countries of the-

f '_'bbf - “‘world with a motor industry which they will largely own and operate and
" which will satisfy the home market and provide an export potential. Because -

~~ & TRANTOR ~gan act as passenger cars, trucks and tractors, the project helpe

" the. developing coUntry conserve its scarce capital resources. 1t allows.

‘V_u;such nations te use their limited resources in other more productive E
investments elsewhere - for example, the vast range of agricultural equipment Lk

SR “ needed for efficient food production. The attractions of the TRANTOR project
. o - to. developing nations also extend to the minimisation  of use of foreign )

A ', currency. reservee because TRANTORS are designed to be manufactured, not just
s ‘agsembled in the ‘country concerned. A further basic principle is the way in
which the’ TRANTOR project can be used t tend the range and increase the .~
rate of, industrialisation, by teaching, in a specially designed training school,
. the é; range of skills: required, which 1nclude painting, welding, drilling,
,mil ng, turning, grinding‘and boxing.

M

[
o

A Policy for a Collaboratlve Aseociation

" When entering negotiations in a 'new' country, collaboration with Britain
9 usually begins»from government agencies, private manufacturing and [selling
’ bu31nessee, bu51ness consultants, evelopment authorlties, agricultural and

,/

A
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E 0
L

: . : : \ o
transport spec1allsts and those currently worklng 1n motor and agrlc “ura ‘
£ englneerlng » : R .

¥
oA

- . ’ 3 v . e S X - ., |

kln all“cases 1t is 1mportant to. : ?»v : ‘ e TS R S
1) . make arrangements for a vehicle‘to be ‘hired or sold for- demonstration ;foﬂ
4nd test under local conditions = o 1 T

nelgnoourlng export markets; the skills available to build "TRANTORS . .
e . and to'assess the rate. and the stage by stage process of factory '
e ’ oy building (i.e. assembly,’ manufacturing of chassis, simple skill working, B
B complex skill working). It is necessary also to assess the various details *
Do of the product deelgn which would beet satisfy the market. Various

L 2 ‘alternative component supply sources, with costs delivered to site
'féuu_,; % . need to be considered. Factory location, land availability and: plans L
Lo . for after-sales serv1ce all need to be examlned as part of the N

I'?‘ o i) iconduct feasibility studies concerning the potential in home and o 1' '
| v T S y l‘.';‘“:&"" feasgibili ty stud ies,
l&. | | |

\a.u.uuu..a.a. . ; 3

S El - g .
o Oury organlsation of rs this whole serV1ce, from 1ts-éC;;;?cal staff led by
Stuart Taylor, TRANTOR's designer, through to its work organlsation (Group -

-, Technology) consultants 1éd by Dr. Pierre Schmitt of France. The work of these
o consultants is well known in the field of work organisation., Our consul tants .
.. . have been pieneers in this pew field of work groups and have advised, amongst
o4y others, Platt (Saco-Lowell), Dunlop, British Oxygen, Knorr-Bremse, Ferranti,
Co Rank” Xerox, and Tube Investments (Matrlx) Our advisory work has always

© . . concerned the way in which these large, . labour-lnten51ve firms should develop’
“in future’ ‘to increase their. pﬁbductlvity, ‘ifiprove their delivery, reduce their

' work—in-ﬁ;ogress and develop their management and labour relations style to
'meet the needs and changes of the day. v ST L e

» R

. - Our whole policy is to offer a complete turn-key operation for any cotntry
. wishing to have its own’ 'motor vehicle industry based partly or wholly or
SR , f~even flrstly on TRANTORS. The following information is available° R

Z,rj 'I, A 12 minute colour film of the TRANTOR vehicle *
A coldur brochure in English, French and Arabit * E
A TRANTOR- product gpecification o BRI M
- An outline proposal for settlng up ,;TRA NTOR'factories
s A list of bought-out ccomponents wlth detailed part gpec1f1catlon (Many
S ~;Mg/7, f L alternatlve engines, electrrcal equlpment and general: bought—out parts e
G e are available  from many different’ eountries) - e :

/
A N

E 6 A minimum building specification R :
o 7 The fixed capithl equipment rieeded - to make- TRANTORS at_ about 20- per week ,l_
P /o0 8 3lThe traifiing school equipment needed for full and complete tralnlng 1n S
" 4 . " TRANTOR manufacturing and assembly .. — o L
R 59' A draft legal. contrabt/letter of intent in respect of the factory S
£ o ?prOposal 3

WIO A suggested stage by stage process leadlng from TRANTOR assembly and -
Sl ‘ I chaes:s manufacture to complete manufacture over a. range of dlfferent‘
V'jc’-t”ri5 B periods from one to five years (Appendix I) R

2

Akg" - ,’ In addition there is ‘a scale model of the plant, designed for ngerla, Mhlch-'

Wiy




St ;Qahjbéhégénbaf<our'Stockpbrt“(hK)'officéé} ALl dfﬁwiﬁéﬂ, jig and;toolxdeéib‘

abd"sﬁécialLﬂixtufe;drawiﬁgs,Can'be seen at Stockport. Production:vehicles
‘began to he' produced in January 1977 and can be seen in the course of ..
construction, Twelve prototypes .can be vi wed in different applications. Of "
particular.interest are the TRANTOR assembly wo ‘&foups, the rear akle sub- -
assemhly group and the transmission work gfoupy: as. well as chas&is manufacture
and panel,agsembli; o o R b sTE

&

. : ‘ : : 2 "“, ) - ' 3 i ) S £ . & . v 4 AR
* Part 2. The-Design and Manufacturing Strategy ..- . =~ . Cradt
. O t 2 s "N i oL o - ' K

The TRANTOR project conductéd firstly at: Manchester Universityyand’thén?g% 2
. Brg@fofdlUni%ersfty Management Centre concerns a mew ‘type of agricuiﬁﬁra;v
‘trangport and work vehicle, which is dégigned .in a new way to embrace the
.~ 'new kind off small group production system of mamufacture and assembly. :An .
of ‘unusually practige-centred.University research team led by the author oriéinéte@;f
the project withW.S.H. Taylor, TRANTOR's desugner, at UMIST, Manchesterws o

The work concerned: with the désign of the;orggnisatiqnﬁof work was conduqtéd .
by7Edwards and, Taylor with the assistance of the formerfs research team, Which -
received its support from the Science Research Council. . & ' -

A b R g R SN O ‘ .

B : “There are two problems which prevert developing coutitries from successfully

.*y,_‘pfbducing_tﬁgir own vehicles and,.in génerdl; they have, up to date, only
“/ ' assembled::such products. Thede; products which have been assembled have usually
‘been fundamentally designed fo¥: the'requirements of.-the westerngworld. The
requirement of the dé%qloping'ﬁggptiiﬁg}‘home marketfingariablyuhowever,¢is
for a more functional, harder weaiing, more dugable product thanfthat designed
'~ for the west..!Top speed .and accelération may be important to, the market of
' the United States but it’'is. the ease with which a leaf spring can be replaced
or the strength of the front' bumper.which are often more important to a i
. develQping‘cougﬁry;’A p{qduct%which'is'desigan/for the environment of the
.. .. western world is also desdgned do that it can easily be produced withinp r
L4 . relatively advanced western production sys%@ﬁs.gVehicle products are usually
- . made on a mags production basis in larée'bathgq,(manufactﬁre) and on flow
lines in assembly. They are invariably built in large plants empleoying )
several thousand people and they are situated in heavily ‘populated areas.
Thése factories require enormous amounts. of capital investment before the
first production machine flows from the line and they usually demand large
. - home markets and well-established servicing networks-to be economically
. guccessful. Developing countries ate gene ally-short of capital, for which -
' . there are many competing demand .\Reveloping countries usually have smalle

ient skilled and semi-skilled labour in one

centres of population and insuffic
centre to support a largE‘plant.
" Any regional development planning, which is guch a vital feature of planned
industrialisation, requires that small pocketscpf_industrial factory practice
be made available in region after region, The TRANTOR project is a gserious !
attempt to design a new product and a new kind of factorg unit which considers
regional planning, minimum capital, durable products etejgs its fundamental
.constraints. We have tried to begin here at a new kind ‘of beginning for the
developing nations. ’ ’ o .
The fundamental specification of the product was drawn up following a two-year |
study by W.S.H. Taylor of the transport requiremerits in agriculture and where

\

1
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. bt . . . T, . r o o
.+ tractors fre used in rural aréas, for forestry and in other general work tasks.
© = The TRANTOR has been designed to carry out virtually all the tasks and .
. _operate with the same attachments as the conventional agricultural tractor.
© . .. Tt can, however) be driven-.light at speeds up to 90 k.p.h. and it can’

¢ . " also haul trailer loads of up/to 8 tonnes at speeds of 55 k.p.h. As stated
wiy 7 . earlier, it spans three markets, each of which is conventionally supplied

. by a different product-and it, therefore, competes against the agricultural -

| . : .tractor, -general purpoge vehicles (such as the Land Rpwier.\)'and:sma.ll

. "~ commercial :lorries. The home market in some developing countries may be small

~ for any pne~of,these.threefpfbducts but for. the TRANTOR that market size would . . -
. 'be considerably increased. The multi-purpose nature of the vehicle can ' '

- significantly reduce the capital cost to owners(individual or collective)
whowould need only a TRANTOR instead of a car, a lorry, a Land Rover and a

@
. fractor.,TRANTORS are competitively priced and cost a little more than the . ’

‘wconventiphafrtfactor,ofvansimilarJhorsepower.

:ﬁ’:l E . gbé,producf deéign has beén‘Qarefully'considered'frbm‘the'ﬁbint offgiew of ..
o . the economics-of low quantity,production~(smallhess) and the factory design: " °
“twt . was a second but, vital step'if the same direction. There are, for example,’ - .

=% no highlquantity machining requirements for any of those parts which are = = -

2

. designed specially for the TRANTOR and which would be manufactured in the .
; fact9ry._All-suchipqrts can bé produced with simple, inexpensive capital

”'Vrequ;pm§]€gipfthe fOrm?of‘Sagily available simple machine toéls and specially

.. 'j-designed jigs and'tools. Whén-deaigning the production system for the TRANIOR
3 “'it\was-clear-ﬁhat'1t~wou1%/qqui$o be produced: economically in low-quantities ..

O "andqthaﬁ:egch”TRAﬁTOR'f@ tory would need.to prove its economie vidbility where.

”ffﬂ;_\ﬁgk the number of employees would be’about 100-150. At such a size ghegéutﬁut of -
i each plant is.about, 1000 unite per year and.if the magket demand in.a B
R particular country,' or région; becomes greater than this number it needs to .

- % .be suffieiently viable i its usage of capital and give sufficient returns . |

- For it to .be possible to duplicate ghe plant in another region of the country;
T oA : e F . : . oo

7 The basic Ydea is“that the plant.should be small and efficient but clearly. .

.2 ‘the remtriction of I00 to I50 persons could be agjusted to suit prevailing

- ssciréumstances. The designers of the factory are 1y of the view that.the

7o cost and ease with,whﬁch~the'$actbryféan be controlled and managed are vital
»2 . ta the success of the venture and hence the -increase in employees has

© 'connotitions other-than those pf more production. .The fdea of the 'small plant o

.. offerp other advantages such as the coupling of after-sales service directly .
.+ .o the|factory. .. ‘%, ' S R / o
. e - R ) \ ' . ) : . ) _ ; Joo .

As a result of the decision to produce a small factory with the-technology
"designed to suit the economics of-smallness the ecapital required (fiked and . .
© working) before the~first production machine .comes out of ‘the door is
.. proportionately-reduced. The capital requirement is further reduced by '
~° using only 'standard', 'off the shelf', machine tools'throughout the whole " " - N

-+ plant and not relying on any expensive special-purpose -machinery.; *
; S ’ Bt .o - s )

5;‘11;«9'

| It is the design of the tooling which is crucial o the duccess -of smallness ¢
. A,,tand‘ouf’wg;k«groupvapproachvfollowq the principles of Group Technology.- It is
©*° ., .necessary to begin to manufacture with a low skill reguirement~and in".our . S

. . TRANTOR factory each man needs only to-be trained to operate one machire .

", ‘before 'the. vlant commences operatior. Our spécial tooling, jigs and’ fixtures

v v B . E w2 PR Lo .
% ' i o i 1 ‘7 S L . ) I3 N * ' B ; K ‘T"‘ 3
o R < i - . .. i . . . e _A‘&\ ’
- . : . - o . . . . s . - R :
’ ’ ) Lo o N SR
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" ‘machine and widen his abilities and skill., | o L F I

. and to standardise on features common 1n the family, such as:
T tolerances and material. e N e .

= covering 44,500 sq.m. The training school, W
" requirements of a particular factory, iqplu es the capital equipment for all

initial start-up training £
operator acquiring

minimised. This does not prevent each
dader. knowledge of several different machine tools’
because he is able, as nroduction gets under way, to-move from machine to

r‘“ N

The inevitable question must be asked "how fcan a small plant produce as .

vehicular ‘product competitive in price to- similar products mass-produced at
over twenty times the rate?" It is clear that to machine components 1n‘batches
of L0O per week is usually accepted as being cheaper per component thag "

é‘machining in batches of 20 per week. TRANTOR manufacture is organised on a

group technology basis which c¢onsiders ‘all the machined components in the,’

plant and groups - them into families which have’ similar machining requirements.
Tt is then' possible, because'one is dealing with groups of similar components,
to set up groups off,machine-tools with associated 3igs, tools and fixtures N
so’ that the time.takeni to change from oné family member to another is virtually@é
the same as if they ‘were the same’ components. As eacn Iamily can contain
anythingaup to‘fifty similar components, it is soon possible ‘to ‘substantially
‘increase the effective batch size and reduce the c¢ost per component. Because
the TRANTOR has been specifically designed for this type of manufacture it has
been possible, at the component design stage, to congider the fomponent family
ole diameters,

-

The TRANTOR proaect may thus be said to offer an unconventional altexnative
technologvahose many aspects. would prove useful in coping with the needs of
uhtries in the third world. It does so by combining ‘the most advanced .
practices in productiom with a belief in 'scaling down' for ease of access

and control, and providing a product - that can meet the Special need ;
characteristics of’ those who work and live Ant rural towns and villages.

'

sooe T

Appendix . . ,-' o B,

A feature-of the TRANTOR proaect is to offer MANUFACTURF, where most of the
gkills lie, and assembly and the whole project is geared to ‘the’ idea of

) assisting a developing country ‘in widening and extending its’skill base by

offering simple fitting skills .and simple machining skills like drilling, but -
-also offering skilled boring and precision turning. In order to satisfy this
dual; requirement factories for TRANTORS come- in a series of 'staged packages'
with a tailor made training ‘school ‘to meet the needs of each stage.:The .whole

, factory consists of 17 self<contained work groups each of which employs about

8 people. Each ‘work grolip has ‘its own particular skil¥ls, jigs, inspection
facilities, .raw materials and machines. Each work group requires different

- training school equipment and reeds & different time. duration for training. q»l

A developing country may decide-to build the’ ﬁhole factory (four stages).at .
once, or to stagger them over a few years. order to build the complete

factory of IT7- work groups, the larnd required 89, 000 sq.m., with the buildings.
wHich is specified to meet the :

four stages,*and it too can come in a seriegs of stages.




- \‘,‘ L T » ‘A-v . > . . *w ‘
, " A brief description of the four stages_§f the factory is as follows:
b - VWork Groups Approx. Number
Ty S  of Workers
B . : : - 7
STAGE T Assembly of TRANTORS,  I7.16.15.7h.
.+ chassis assembly, and I13.72.II.10, 65
. - servicing of TRANTORS =~ 9. X
:'STAGEﬂll;N‘,thssis member welding .
; E “éésémﬁly;aagpu{ate Yy o5
welding assembly,"
panel manufac¥ure
”  STAGE TII  Simple turning and.
o drilling, profile [
cutting of plate, 20
sawing, drilling
A . stamping & bending
© (STAGE TV Gear cutting & S : '
L . hardening, precision LS. : © 15
, . machining. ' R
b -
" © . The TRANTOR
R S
— | .
i ~ e /
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Y 200 it is rugged, highly manoevrable, performs well in difficult off-road:

-f!from,an offset position, allowing a passenger to be carried. It is

2

» o - - - N . . | °

2.l, Paper 9: Piaggib Vehicles for .Rural Tran

sport
by K. .Salt L R N , e
R . ) X » O - g%‘?&
Managing Director, Andrews Lawn Edgers Ltd.=(U.K. Agéﬁ%%?"?i;ggio o
. Commercial Vehicles) - E ‘ S T e

B
— A , -

The Piaggio company was founded in Italy in 188L, specialising in the
outfitting of ships, Over the years the company expanded in size and
diversified into the manufacture' of railway rolling stpck'and aeroplanes.,
Following the disruption of the second world war the company: developed
the very successful range of Vespa motor scooters. Soon after theescooter

- went into production the company introduced a three-wheeled wvan, the Vespa

““Commercial, derived from it. This vehicle quickly became an important

‘means'of,light tranaport in southern Italy, and from this bgé@nning a

. ‘range of threé-wheeled commercial vehicles have been evolved which, in

addition to their popularity in southern Europe, are mow built under

licence and used in a rumber of déveloping countries, particularly in’
- Asia. Over 600,000 Vespa three-wheelers are now in daily «use in more than

twenty countries.. : ) - - : ' '
The smallest of the curreant range is the Ciao Porter, which is based on the
rear end of a S0cc. Ciao moped, including the engine and transmission, but '
with two Ackermann steered front wheels with a’cargo box mounted between * ‘
them. This machire has a payload of -T00kg. At the other end- of the scale )
is the Ape 'cat' which has a 217cc. engine mounted between the rear wheels,
a comfortable cab with seating for two, and a payload of 600kg. _ .

" Andrews Lawn Edgefs Ltd. are noh sole U.K. agents for;Veepa‘Commercial

. Vehicles and are currently .importing two models. The V200 (Fig I) has a - ?j

single-cylindqr 50cc. two-stroke petrol engiﬁe mounte&xbetween‘the rear
wheels, ‘and runs on a low-octane petrol and 2§ oil mixture. It has an . .
enclosed cab with central handlebar steering, and is available' with either '
pick-up or van bodywork. It is of very rugged construction, well-suited to
off-road use where its four speed gearbox enables it to climba I in kL ~N
gradient, The three-wheeled layout endows the vehicle with a high degree '
of manOevrability»(it'can_out-turn even a London taxi), and the machine .
offers'a low cost form of of f~the~road transport with a fuel consumptioén
of dporoximately 35k.p.l. Its_payload is 200kg. Likely applica%ions of the -

'

vehicle are on parks, estates and-airfields, and in warehouses and'factog}eéy

The VC. 600 (Fig 2) shares the same basic layout as the VC 200 but is a /
‘larger vehicle with a 187cc. single cylinder two-stroke engine, Like the

conditions and has minimum maintemance requirement. It has:an enclosed cab

and & choice of steering by handlebar from a central position, orlby\wheél

available with either pick-up or van bodywork and has a payload _*Q;f 600kg.
Work is well advanced with getting this machiné certified for road use*,-
, : , R ‘ ; ﬁbgh' . _
S y
* Homologation certification has now been completed and the VC600 will
be available for-licenced use from June phwards, -
' . T B 3 ‘

&
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and in this mode it-has many applications for use by tradesmen and local ‘
delivery services. In addition to its manoevrability it offers low - . = - N
purchase cost and minimal running costs since its fuel consumption is

up to 20k.p.l. and servicing is both simple and cheap.

2

With the. cost, of operating vehicles escalating rapldly in the U.K. the
Andrews-Piaggio range of three-wheelers offer economical transport with
manydappllcatlons. This feature, together with the simplicity of maintenance
and’ the ability fo operate in off-road conditions suggest that these vehicles
have many potentlal uges in- both urban and rural areas of deve10p1ng

countries.




, 2.5 Paper TO: The Contribution to be. made by British Industry S
-~ . by M. Codley ',-~" o C \ o
o , , y
:Sentior Design Engineer, Lucas Aerospace Ltd., N

_and.R. Fletcher '

o

Princ1pa1 Lecturer in Design, North—East London Polytechnlc

(This is a summary, prepared.by the editors, of the nresentation by the

two. speakers)‘ . : ) R
SThere is in Brltish'industry a continuing process of mechanisation which

- often leads to the displacement of skilled personnel 'Such people have
“up to now ‘been allowed no involvement in decisions as_to what products
their company “should make, or how .they should@ be manufactured. Within
the Lucas group_ of companies a committee was established with the aim of
achieving the right ‘of employees to work on soclan/% useéful products. An
asgessment was made of the skills available within‘ihe group, and the way
in which these skills were being employed. From this information, and with

. the overall aim in mind, the committee produced an alternative corporate

'plai for the company which proposed a.number of p0391b1e new products.
From this’ list of products six were selected for detailed analysis and
design work. - :

One of these products is a hybrid vehicle with potential applications in
.. many developing countries, designed to run on:.both normal metalled roadways
i+ -and on steel rails, This requires a system of flange-less guidance to
.avoid the ‘weight-and cost penalties of having two separate wheel aystems
- -=this has’ been the limitation of all previous road/rail vehiclés, Using
_'the expertise.available at Lucas in the fields of electronics, internal
_combustion engine performance nd electrio motors and generators, and in ..
“ conjunction with North-East London Polytechnic, a JO-wheeled vehicle has
been designed with the following ma jor features. Power is provided by an
" intérnal- combustion engine with re-cycled exhaust, running at constant '
speed for maximum output efficiency. This drives a generator which feeds
a nower—pack. There is Ackermann steering on the front four wheels for -
road use, whilst in the rail mode guidance is achieved using the tread .
forces in the’ tyres and a track-sensing mechanism actuating a steering ‘
- servo, A prototype has been built and was successfully tested 4in early I976
on standard gauge track in Sussex. *

« . The obaeot of the vehicle is to provide a flexible means of transport
producing a minimum of. pollution without recourse to overhead transmission
-cables or de-toxing equipment. The vehicle is primarily intended for rural
use in areas with existing railways. The low wheel loads greatly reduce
the maintenance costs and required specification of the track.
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/2.6 Paper 11z Improving the Efficiency of Rural Transport iﬂ Developing -

3

Countries Countries
o - !

by ﬁ.P. Sikka ' ¢ . o .  J o ey Lo
JMinistry of Shipping and Transport (Roads Wing), India *f N |

- (This paper was submitted but not presented by the author at;the seminar) ,Y,._;
. . - L’ G - \’ “ “

M‘,Alhost:forty”pér cent *of the-population of Asia are'iiving(in conditions
--—of “absolute poverty, the majority" in rural areas. In order to/improve

this situation there is a strong emphasis on integrated;;u;ﬂi‘devqlopmentk

-+ in which tranébort plays an important:rqlé.," s

S

- There are a number of ways in which rural transport can/be made more

efficient, these include; improvement of the 'road infrastructure, e
introduction of new vehicles, ‘and design changes to existing vehicles to 7
suit local conditions. Vehicle design for Asia is thé'subject of~currenf
Investigations, the following being a summary of some of the work beiﬁé
undertaken based on preliminary findings. //;' //

_The chdice of suitable vehiclé designs has tozfake account of the o

prevailing conditions, of ghich_the most important are:

i) Approximately 87% of rural land holdings are less than five hectares .
in size. - B i :

ii) Because of the size of the holgings most farmers are engaged in
subsistence agricul ture and have very little marketable surplus.
As a result there is no means of investing in mechanical equipment
for either agricultural or transport purposes. o :

o=

iii) Farm-to-market roads are generally in poor condition, 70-80% being
- of low grade sﬁrface~réndering®motdr vehicle movement diffiéult, -and
making the marketing of small quantities of produce unéconomic.
- (This can be partially offset by co-operatives but these are still
Tare). In addition the road network density is only about a quarter
of that of most developed countries.

. ] . . y
'iv)\Draft;apimals are extensively employed on farms, availability being !
- of the order of one to every 0.5-0.7 hectares.

i

Mﬁlti-purpose mechanised vehicles réprésent-one possible design solution

“to the transport proble@, there being numerous examples already available{
- However their impact in developing countries has been gmall due. to high cost

(US§2000+), heavy maintenance requirements, lack of workshop facilities or
limited applications "beyond transport, and their general inability to.
negotiate unimproved road surfaces. These drawbacks have led farmers to
prefer tubewells to power tillers. '
One well-tried. solution to the problem of multi-purpose vehicles is the
tractor-trailer combination, These exist in the Philippines, India, Pakistan _

/

* Note: This paper expresées the author's personal'vieﬁs.




and Laos where ‘agriculture has been partially mechanised. The combinations
can be used for transport of both goods and passengers in addition to
their on-farm functions. As t¢ractors are usually ‘only required for 3-l
months of the year for ploughing they can be released for transport functions
for muach of the remainder. This has the dual advantages of higher vehicle

. utilisation and, a higher rate of return on the initial investment as rental
can be charged for transport operations. ,

There is still' condiderable scope for the exploitation of three wheeled
“vehicles (both méchanically powered and pedal driven) both in terms of

design and in usage. Such vehicles are currently used extensively in

India and Malaysia, many local design adaptions having emerged’ as a result

of operating experience over a number of years, It should be reécognised

that many of these local design variations are far from optimum sclutions
being often dictated by the availability of second-hand componenta and

local skills and eqiuipment. Better designs more suited to. rugged conditions
could be advantageously developed and could have considerable potential.

The popularity of such machines is due to their simple technology.and

their relatively low initial cost. The travel range (10~-20km. for pedal
power, l;0-50km. for motor power) allows for most of the trips that are

likely to be undertaken from smallholdings to market pOints.

Animal drawn carts'are still likely to remain as the major meafs’ of rural

transport in many regions of Asia despite a generally.improving economic

gituation., This is largely due to availability of hoth the draft animals >

and the carts, both of which represent a fixed cost to the farmer. Their

~ use for transport therefore incurs no additional cost. In addition the
generally poor road conditions, especially in rainy weather, make it

impossible for any other vehicle to negotiate the access roads or tracks

within the farms. As with three wheeled vehicles, design improvements could |
make a substantial difference to the overall efficiency of. such carts. The

‘ main improvements that are required are the substitution of wooden wheels

'by pneumatically tyred wheels, lighter axles, and better wheel bearings.

" However, unless there is an economic advantage to the owner, such .
improvements will not be undertaken. This has been demonstrated by various

‘unsuccessful attempts by local authorities to improve the efficiency of

such vehicles. o .

¢

JWhe;e farmers have started growing cash c¢rops, such as tobacco or cane sugar,
and .the road network has been improved, efficiency has become more important .
with the result that improvements have been made in order to increase the
size of load that can be carried. There has however been little attempt to
apply scientific pringiples to cart design. Such application could usefully
be made to most of the major features of the train; harness design, height
and construction of load platform,itype and number of axles, and number

and size of wheels, |

Vs

+ There is still;much development work that can be undertaken to improve the
' transgert capability of many of Asia's rural poor. Much of the basis for
that development already exists, the hardware is still‘lackin§>\\\

o
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'_1n15 period was necessarlly short but provided an opportunity both for
general discussion and for a review of the major points which had emerged \
from the papers presented.  Fhe chairman noted that although a wide range

of clever and intriguing designs had been demonstrated there was.not always
evidence of their viability. The film which had been shown as part of the
SNAIL presentation was refreshing in that it had ‘deliberately identified

a number of the problems associated with the use of the prototype machine,
thus demonstratlng the dlfflculty of" produ01ng 51mple yet effective

hardware. . : ’
Q!

>

» Dr. Wijewardene"s S.F.V,, the TRANTOR and the -SNAIL all demonstrated: the
effort currently being directed towards multi-purpose vehicles and emphasised
the close link between agriculture and transport. The developmeént of such
vehicles was considered by many present to be of critical importance, since
they offer the possibility of providing rural communities with both
increased returns from their agrlcultural activities and improved moblllty.
: )
Technical developments aimed at improving the efficiency of animal
transport were also seen as being of vital importance. The use of this
mode still has economic advantages in many parts of the world and these .
can be maximised by improved vehicle design. The high initial- cost of
motorised vehicles is likely to remaln an -obstacle to their widespread
use in many rural communjties irn—the foreseeable future. This problem
can be partially offset by communal ownership of vehicles or by providing
access to a vehicle ﬂool. However such systems are difficult to organise
so that they meet the requirements of smallholders, and their establishment
may require government assistance. . ' ' 1 o

Clearly no single simple vehiéie will meet all the rural transport needs

of all developing countries, given the widely varying conditions which exist.
The long-term objective should be to provide a choice of vehicle optlons '
covering the spectrum of transport needs. However a number of criteria: o
were defined which it was felt that vehicles designed for use in the rurs
areas of developing tountries should meet. These were; minimised initial’
cost; suitability for local manufacture utilising locally available

materials and skills; longevity and ease of maintenance; efficient use of (
scarce, expensive and usually imported fuels; sultability for use on ' -
existing tracks or low-cost roads, and applicablllty to 1nd1vidua1 farm
operations, It was also argued that vehigle design work should only be
undertaken following a thorough assessment and identification of real
transport needs in a partieular country or countries, and that this must

"be based on local experience. It was gpnerally agreed that prototype

- vehicles must be extensively field tested prior to the design being
\\finalised and the machine being made available.

Dr. Howe, the Chairman of the afternoon session, summed up by stating
that hé&.considered that the main objectives-of the seminar had been.
achieved in enabling those present to become better acqualnted with one
another and with the work which each was undertaking. He expressed the
hope that theré would be continuing cross- -fertilisation of ideas ‘and that
individual gfforts would be aligned to larger programmes in order to
dchieve the maximum effect.
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The seminar, which was organised by the Transport Panel of the’ Intermediate;"\
Technology Development Group, was attended by more than fifty people.. The’
‘papers’ presented covered many aspects of the subject "simple vehicles for .
develop]n countries" including; vehicles presently in use and prototypes
cufrentiy e “ﬁ@ﬂeveloped' the role of transport in agriculture; the use

- of ‘.simple vehicles in labour-intensive construction;. , manufacturing

strategies for local production° and :the transport needs and economic

L v constraints in the rural areas of developing countries,

The ﬂmformal contributions made during open discussion emphasised that
effqrts should be concentrated on identifying and developing vehicles

: which meet the real transport needs of rural communities, and highlighted
the requirement for such vehicles to be. .economically appropriate. General
consensus was reached on the criteria which should be met by vehicles 1ntendedf'
for use in. developing countries, and-a number of aspects of wehicle design
‘were - identified where further work would be—ef‘pafticular value,‘

y I
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