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which now approach twenty-five in number, 
al'1 the various sectors which.were discussed at these international 

and its sub-panel on simple, vehicles, 



ooncentrated- on the route .itself:' the ve,hicles have been left to take . 
'care of.themselvgs. 

mum of 'tropi'cal ' -I 

*a. Lastly * t' 
ich more : 

. 
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Wdgk, fit,_there ~ap@3&-e=ki~6’ed gener,al;,keeling'that 'the existing“chpi& *',- ":. \ '1 
# :* 

? 
- 

.- - : 
_... -,; bf%l&cf~is is 'not appro~~iia.te."t~o/~~~dame~~,~l needs: 1-t ,i s . a' .te.ehn-,i::e~~.., :.-- '- --'i- -'. " ",.'-.--' 
.6' -fact ijhat the -design of roads in de';-‘e$oging~counk?ie~s is-"didtated'by ~ 

,.a . the, '~ha~~~~-~,~.is~~i~~..!?~ ths~;$F$v&$e'%ar and :&a, ,$orry. .-Thef!desired! sp,e@ 
I -, .~ - t&&5 is- is assumed; car dri%ers want,di'&atesthe overafl'horiipntal ' 1 
#‘: . . . ,.. ,. -' . :. ': . @J vertical' alJ,gnmentbof the. road, whilst the frequency-and load' 

D 
'. j ..a0 'kakrying capa.city .of the lorries'tha~‘whll.use it deci?d#,the strength . ,'. .' 
,- ). , <A 
.- - 'of thkroad's st.ructur"e:~t ~as.pever-be~n.shbwn::,that.eIither or both of" 

i. 

thpse vehicles is in&any sense:,qe&%s,s&y~-mughJess o$&um;~ for 
IL' 

. . z?\ 
'. devel‘&pment to take place..TheI.possibility that other, simpler and 

.. y, '_ 
: ; ..i:' II._ 

' 
?- _“ , 5' probab'ly ,chgaper .,-vehicles- might be more, appropria;ta to needs hc& not-,, .I ',“*. .&T'y- 

s appear .to have beengivep.qer$,ous cons,ihbrati'on h&therto..,In'.~o sense; 
>- 

- . this is 'surprising since, p'otsntially.at: I&At, tdore i% th"e obv%ous 

II, possibiil'lty .of ian economic 'trade-off. between the&&,ndard.&d 
-..; .,:_ . ..F. 

:. ::. .._ . :..the road provided and the type of vehicles that \;;ilk.use.. the, 
'- simpler; and thus-most probably lighter, the vehicle the 

- of providing an adequate ro$d. , 
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yres ha&led to "a ' ". 

: , ' -_ 
centres .of both' ‘1, . . , 

' 

direction. + .+ 
. . 5 .c I . . I t / . 

Animal-dra& vehicles 
,I‘ ., 

_-<%a ‘Z,, .= 
i I 

n many parts of the world'ani.mal.car&~and wagons are a traditional mea& 
! .' 

,, of transporting both goods 'and.peoplo , and can:carry considerable loads,:-*‘, ' 1 '1; . . . 

\ 

,albeit slowly. In--the Phil&pines. the--buffalo, or carabao.la_s' it is locally ..; 
known, is used to &ul either a' two-wheeled cart or a sled morinted'on skids. . I 
‘Y&lrd. 4-.f rom China shows a':two-wheeled &art dra$$by three horses. In 
India there are in ex.cess of 12 miilion bullock,o@~ (Figure 57. while in 

i 

,. ,, ._.... some parts of the s&e country csmels,~are used to,haul four-wheeled wagons. ! 
\ d .' <* __ yi ' . 1 _. '_ 1.3, I P 

. Animal-drawn vehicles have a&.importaht \role to .play in ihtermediato 
and some work'has recently-been carried out in A'frica to+ 

I 1' / which require only basic tools.for th 
i (Re,fs. I &-2). However there are with the 

of this,form of transport to societies which don-ready use 
; L. appropriate.aniri&ls. *he management of liv~~qck_,~p~rt~~~~a~ly !, ,r I :_ .to-care_and training, is dolt easily &quired. i i 

number,pf examples& of to introduce draught animals 
' &.is form of p.ower. Failure of .----_ 

,&J .poor7.wme+o-f the "; - .* -5-:S- _ .-:I,- 
thatanimals consume fuel in the = 

are working. Often the r hasto: ,-a 
_ -- 

se$.gsi'do .part 'of his-land to grow this 
+ 

,' 0 ;: 
. 

pedal-driven vehicles -1 * *I .m I & . 
i 

{.' i : I-3 The bicycle is the basic me&s of pep&& transport fo,r..thi! co&on ma;. '.'. ' 
s 

in India:and China, and bicycles are manufactured in'large quantities in' 
I - 
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both countries. They are used for u 
into towns and ci$ies.from nearby 
developed from the bicycl&, 
common sight in both India 
urb&n and sub-urban. While 
.for the carriage of passengers, 

two frontwkeels'and- 
on. is.use'd &several - G 

_, 

machfnes used in China show cogsiderable,evidence of adaption and improvement 
. 

~Alt,~icgl.bargo-carrying tricycle from Kwengchow -in sout.tern China is' . 
shpwn in.Fi&re 8. The major feature of interest is the use of a chainwheel 
:much smaller than tha?, of a .'bioydZe to give a significantly low@& overall 
'gear ratio. B&king by means of . 
brake blocks mounted on 
horizonta~.‘pla.& and 
mounted on the frame is operated. Another tricycle found in southern China 
incorporates atwo-speed gearbox opdrated by ailever .mounted on -the top 
frame tube. The primary chain drives an intermediate 'ahaftmounted under 
the rear bodywork. *o chain-&iv&s, of different,ratips, connect this shaft 
to,the rear axle,,and,$an be ensc)$eti in'turn by do&l%tches, thus providing' 
the rider.with a'.cho~ce~of~t~oi,gear.r$tida. Both rear wheels are braked, 
by means of* standard ,bi%yc,le brY&es'mounted,on the chassis and actuated by 
a foot-pedal .thro%wh -a sys$em-of rods'and bell-cranks. '7 L .- _ b 
Pe&aps the crudest methbd.of providing a choice of &ears +a that, used- on 
the eIample from'Pek$g different '. 
diameters, ttiougb'both 
side by-side on the-.pedal 

o,p bicycles, are mounted,, 
,+ Pi 

transfer*,the chain from,one 
the rider simply has to 

6. work the -chain must run 
to,the other. Clearly for this method;, 

slack.,This example also illustrates another; 
interesting design feature. whether Indian.or Chinese, drive' 

., ' through o&y one of the'two r$ar wheels, and thus avoid the need to use ! ! 

a differential in the rear ax e, Hbwever'the 'machine in Figure 9 has. a sol& 
" '3 . .-. ., , 

I 4 1, ,' 
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&le and. both rear~wh~$Js,8re driven?, The absence -T 
," mitigated by thg use of,a-narrow dear track. With>~this cqnfigurat.ion'both"' '-_ (1' 

rear wheels can be‘braked by.ines.& *of: the single drum,-brske fitted o the '. 'i. c 
rear axle and actuated by the chain St-rung from the head-?$bee Therel:are Q ' 

' a few Chinese tricy,cles which h,ave,.an.enclosed rear ax1e'uit.h ai-diff$renti+l l 
. : and:drive to both rear wheels', eacfi ,of which has its own camop‘erat~d ,dru& ,in - ' , i 

yl' ";‘ brake.? - ; .,. *. 1 
-. c / ",. 

0 I -1, , ‘ 
An -unusual pedal-driven vehicle' fromZChengchow is shown in Figure Id.. This " ' 
is a front wheel pedal-drive unit which is attached to a standard t/o- T I 
wheeled handcart. The. shafts of the handoart areT fitted al.ongs,ide t. a"'head- " F 
.tubei and the rear of the unit clamps onto .tAe load platform of the/ cart/ 'It & _' 

\ ,, "requires only a; few minutes/ work to attach the drive unit to the,hs/ndcart .- - 
4. - .orito :detach it again. . . 8 / I 

4 . . . '.- 
t . 

\. I. I / ,, . 

Simple tiotorised v&i&e-s 
; - ! / *i" ,L ., 

._ -1 \, f \ : .< =, ; 

.: There are several, motorised vehicles in Asia which justify the des;cription * -. 
1 of simple,"-These, include three-wheelers of varQus sizes and capabilities, * 

basic four-wheeled vehicles,, and small tractors“whichLperformOb~th I 
tigricultural and transport roles. ,i 

,- .-* ._ 
_‘ " In Manila &ere are wchines. which'consist 0f.a bicycie. and-sidecar fitted__ L 

with a*-'@~. two-stroke petrol engine driving the rear cycle wheel. The -""+,T" .Yz---. 
" , 

pedal drive is retained and thus the vehicle is" best described;.as being '- . 
, ~motor;assidted. -The si:decar is fitted withpa-psssenger'seat but is often . . 

used to carry,cargo. The three-wheeler ~ahc@ in Figure II comes from, . 
‘<southern China and is used for passenger.m-port. The driver! sits astride - !.' 
a single cylinder petrol engine which drives the'rear wheels 'through*H - “:,-::. 

* chainidrive transm'ission. Handlebar steering is employed and the,other c(. 

s. -.*- controls follow,,moto.r~cycle practice. Two vehicles of very aimilar conception,. ' 
are ‘used in India, both based on'ltalian designssnd manufactured.locally " 
under .licence. The vehicle in the foreground.of Figure 12 is of Piaggio 
origin, while the one in the backFound is Lambretta baaed.' The two' &ample* ', 
shown are used to carry fare-paying passengers but several ~forms oftcargo. ' 
carrying bodywork are also available. Both vehicles rely hetivily‘bn ,' I 
motor-scooter technol,ogy and use single-cylinder two-stroke petrol engines ,, 
of about I-sOcc capacity. , ' ' ..' 

I ' 0 I - . .' --.. 

Figure 13 shows a .larger- and.more powerful Indian vehicle‘based on a twin * 
0. 

cylinder Harley 'Davidson motor cycle. It can carry six passengers in addition 6 
to the rider, and is still in use In-India though it ,is.no longer manufactured. . 

,I The three wheeler shown in Figure. I4 comes from China and is considerably ', 
Rx& c 'larger than the, previous examples: Whilenthey are based--on motor-'cycleb , 

. .technology this vehicle ban be thought of as-~-a simplified'truck. The front . 
'mounted engine drives the rear wheels through a propeller shaft and the ., * ~ .' 

-.++A&i+ +.< _ driving position i*aoffset, ‘- ‘p '+xi ,.f /PL allowing space for a passenger-in the-cabin. . 
D - r 

-. . When the Ameri-can forces left thefPhilipoines in ?9& th6y abandined a vast . 
1 stock of surplus war material.. This valuable resource was quickly utilised 

by the' enterprising Filipinoe, and one of the results ofJ:their initiative',' . 
is ths brightly decorated vehicle known as the jeepney. It~consis$s of a . . . ,\ )% 
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Technical Director.,- Pbleigh Cycles Ltd. 
l � . 

~ . 

. cause this to occur by normal economic processes, though it is frequently ' 
,'encouraged bg g&ernment intervention. Raleigh is in a unique poaition in ,%. 

,' the world's cycl'e industry in being the only company which can manufacture ..:: 
almost arll its own components; the exoeptions being tyres, chains and. -' ' 

-h-- iball-be"tiings. It can therefore establish overseas manufaoturing~~plants 
based upon any selected degree of local content;:+,nd this ‘it has done, in ',_,x 

Nigeria, South Afrioa, Canada, U.S.A. and elsewhere: .' 

The most labour-intensive 
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innovations. This-is one reasqn f#or the preponderance' in these countries ‘:,.. 
of bicycles which; in ,terms of the U.K.'market, are .old-fashio'ned. To the 
Nigerian weight is strength, and the use of stronger, lighter materials 
ie unacceptable. The user in developing countries i.a'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. 

: t 

,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 $he construction of some sp,ecial ' 
piece of equipment'for transport or agricultural purposes, and again the 
main requirement is foor robustness, D 

Pedal Power compared with Fuel Engines -1 

Using pedal power, the human being can be employed as a prime mover of A 
*:I - .modest output and low capi.tal cost. *This applies particularly to personal I 

transport, since the transportee Gas 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'cdmpared with ,a fue.3 engine .in the 
following way. A typical, modest automobile$ngine produces approximately 
I.5 kW hours per 1&4&e of-petrol. A human being, working at a steady i‘. 

, .O.O75kW,.wou18 have to work for 100 hours, that rs to say at..least a 
2' ! fortnight, to equal Slitres (1,gallon) of petrol. The standard of living 

* 

D must*be low for .this to be worthwhile. A more--,basic reason for using 
hus&power may well be'that no efficient‘fuel engines.exist which have 

i- ;;" an.output in the region of.0.075 kW,,or'onerhundredth of the output of 
-a car engine, with a'proportionally low capita1.cost.l In the case of " ' I 
the internal combustion engine.the reason is bound up with,the heat losses 1 
from a tiny combt)stion chamber, and is quite fundamental." : I 

~ 

' It ia]p&ble that the'answer lies in the developmlnt of a small;external ,, 
.~ I _ combustion engine. If-such an engine.could_be'.made as efficient. as a car 
4 engine, then a powered bicycle'could be made which would do over ~OCj~/Iitre~,~ 

and a power-assisted bicycle might have ,a fuel consumption of 600km/litre. ,.I 
These figures serve to demonstYate,that fuel cost,and pollution need not 

‘,. - ~be.significant barri& inteither the developed 'or under-developed worlds. 
, ,- Such a bicycle coul ', 
. 0 .a classical requir 

have a market at home as 'well as. overseas-, and this is';. _ 
for a;ly substantial product. I 

,, _-_ -; ;' . - . . .7" . . P 
-;1;6 Paper 3: . AppropriatedPedal 

-', 
e Besign D 

., .,: 
._ "_ by S.S. Wilson s - ._ 

.- 
* Lecturer in Engineering.Science, University of Oxford . 

-. I - , ' . 
Pedal car% and cycle rickshaws are used, on a large scale in India,, China I 
and S.JZ. Asia, but 'are iimited in their application to urban useTon fairly ' 
level roads with a reaa&ble surface. Even io the strain:on'the driver is * 
.immense at starting, due to the use generePly of a single-speed gear, 
commonly the same aa *that o%f % csnventionalbioycle, e.g. with a 650mm~ 

s -----l -% 
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! .(&&.),wh'ee;, 46-tooth chain wheel.-and I&tooth sprocket the 'gear'~ is. -: 
,I _, 

.,;a 8 -' equ4valent to a T6'$mm*diametpr wheel. This is about optimum for-a single * tit 1. 
_. ,-, rider but quite,wrong for a vehicle'weighing, with-load, perhaps three :: *: , : 

times as much. Other, common deficiencies “are inadequate.brakes,'often.on !. ",,. I 
the frbnt wheel only, and the fact that only one rear wheel is drj.& y ?hd/ :, 

. n f.reme, whiTe.o&ten quite ,elaborate, is by.110 mea&an optimum sFructurg, / I 
even'though based' on bicycle, construction in steel tube-: 

/, 
i/ a.. . ' ? 

D ' 
T@e first-attempt at Oxford to'construct *a cycle rickshaw is shown in Fig&e 1. 

0 I 

.I 'I, and:consists of a comple'te normal bicycle frame- attached -by two :bolts : T. ;, - 
,?I, _1 : ',.. to a 'rear section carrying two wheels each on a separate.half-axle, suptiorted 

.' , 
, in the same type .of ball bearings 'as used in the normal bottom bracket. ( . . <.+ 

'., ' 'The -two halves of the chassis, Figure 2, are connected by means of a bt@t.in ,' 
: ,_ ~ place'of‘the rear axle - this withstands torque about a longitudinal a&s !- ~ , :: I and a cl&p on the small cross'tube behind the bottom'bracketi th~s~ld'ca&s 
'b 

! the front end of a tension member which forms, with a short vertical strut, .:. ,. 
., ' ,a truss to resist bending moment in the chassis. I ," I' ' . c 

'E&h half-axyk carries a *freewh>el and sprocket, the right-hand sprocket '.' 
I ---- ___ --- 

., , ,- " hav+g 24 teeth,to give. a lower gear, 
- 

and the left-hand sprocket is 
connected to the other by means of sixpins , Figure 3. The effect de that 4 

- under normal conditions both whegls are.,,driven, but when cornering the inner ..I' 
.wheel is driven while,,the outer one freewheels as it is;turning faster: -. Hence. +.'. 

,, 'I i. -Ithe tricycle will turn corners without Skidding but inaslippery condit2ons II':' 
*-, '. " where,.with a,normal differential,)Lone wheel slipping &uses complete loss .:, '. .- 3 

of Ftrac'tion, the twin freewheel a.&ngem&t acts like a Limited-slip ~ 1 .,.a ; 
/ '/ differential in that.%? one wheel slips the other drl^ves;~ ;: I 

..- 
I. 

. 
._ ,, Ie The chief.de?iciencies of this first design were the iack o'f adequate b&&es ,I_,, 

. .A ,~ 6 =' -and the single speed gear; however it served to, show the potential for"an 9 ' 
: 

0;' improved tricycle..chassis and led to OXFAM financing a.te“chnician to work 
I\' ,!. on a'radical new design, the OXTBIKE, Figure 4. The'features incorpo&t$d . : ,; 

#in the design include the use of a j-speed gear 
;.AW wide-ratio type (eigure S), 

; a standard Sturmey:Archer ' ~ 
? used as an intermedkate'gearbox as on a 'i; . ~ 

'. motor,cycle; the ratios,chosen are equivalent to wheels of 80omm, i06’5mm, ', ' 
I* and I&8mm.diemeter,;whi,ch give a distfnct improvement,-though an even I' ',/. :' 

lower ratio-is-desirable for hill-climbing;,A further feature is the i * 
!f$, ,, ..,, -' 

p'rovisionof a Ijjo'werful foot-brake which acts by means o,f inboard band :brakos ;. 
: .:.(&gure 5) on',;e,ach rear z&e,; this can also be,used as a parking brake.: "..,:, “' ,-j ; 

,v. ,The same'teo of re,ar axle,is used as before, to give a differentia: action. ' . . __ :* -- : 
I . ._ -- 

-The: chassi's:is made 'from Gheet- steel o!I.6mm thickness (I6 S.W.G..or.I/16")', ~ _' ' -, . . . : L,,. which is rqadiiy available in most ,parts of the world, can be cut by !. .- 
.)J, ; treadls'guillotine,, foldedzby hand machines and j‘oined by welding (gas, arc -' ,. .j' orspot), brazing or rivet&g; The backbone of the chassis is a box section 

formed of two channel' sections joTned .by exposed fJang,es. Being very stiff, ' "' ', 
- and strong in torsion and,bendipg no crossbar is required, which makes 
. _. .mounting and dismounting easy for eJtl!er sex. The 'whole chassis can,be 

',_ tipped backwards. to stand upright on the rear end, which is convenient for 
- tipping out the load, for parking in a'small space;for i'nspection and 

maintenance purposes. I 8 
1 : 7 
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* 
The front wheel and .forks are of carrier bicycle type F;OOmm diameter, and 
are therefore very strong, while the rear wheels are ~OCmm.~,diamet.er Raleigh 
Chopper type, again very strong, particularly against side' load: An ordinary 

/ 

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

a,.curve, but,a tricycle or fou)Lwheeled vehicle does impose a side load on / 

'the wheels. With its short spokes giving good triangula$ion the Chopper / 
, wheel is well‘able t endure such loads. - / 

: 
The intention is that OXTRIKES should be built locally in small:workshops, ' ! 
from kits of parts, as is common uractice in India, where Raleigh subsidiaries 
supply shout 2500 kits each month. '.The OXTRIKE kit would consist of a 
set of standard bicycle par'ts.plus,a few special components, I suc*h, as brake ' ' 

* drums and non-standard sprockets, which would be beyond the capacity of 
small workshops. If need be, some of the sheet metal parts could also be * 
supplied. Two prototypes have been built at Oxford and three by apprentices 
at the Engineering Industries Training Board at Sheffield. One kit has been 
sent,to Bangalore in India and there are aix more to be+ allocated for buildin,? 
either abroad or in the 1J.K. From experience gained.in building these ,a 

, decisidn 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 

a in Africa, India and elsewhere as well as in the U.K., since the ch'sssis 
can be adapted to so many different uses. So.jfar on&y a simple card'body, r . 
Figure 6, and a temporary rickshaw, Figure 7, have been built but designs 
exist for several other bodies, including a proper rickshaw, a mult&use 
body for carrying two adults facing backwards, three children fa,cing 
forwards! or goods; a box-van body; a hopper body,':and a wate> cart:Further .- 
development of the OXTRIQ is hindered at present due to lack of funding. 

_ ’ IS i 
i_ 

Although the OXTRIKEshould meet many transpc& needs it is clearly not a 
complete answer, but its scope can be'extended in various ways; to extend its 

,-- effective range in distance or hill-climbing-abilitycm,on,e,,method would be 
to fit a' smail engine of the 'Velo-Solex' 
wheel by means of a roller; 

type, whichdrives the front 
some 7 million of these engines have be.en built 

in France, so they can b&-regarded as fully proved, A&other more recent 
development is that of a hub-mounted electric moto,r of high efficiency. ' 
This was recently ann&nced for bicycle use and has an efficiency o,f 8% 'Y 

I at cruise conditi,ons of 250 watts, giving a speed on the level of 20 k.p.h. 
Nzximum nowsr 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 IO 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. 
f 

As a radical alternative for rural use on rough, steep or soft ground a 
.,.I 

design is being evolved which we have termed the Pedal Rover (Figure 8). s 

This is a fourrwh-eel drive vehicle in which each wheel is directly pedalled, xa 
so giving four time-s the power of the OXTRIKE, while the wheels of I or 

give substantially lower rolling resistance than the 
in rough going, The. two halves 'of the.vehicle 
for steering purposes but are also free to 

-. _ 

. 
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t@'stl_;relative .\o bath other-s,,o t,hat ,tra&rsing,rough ground imposes no 
, 

+ .. . 
.strain.on, the cha$i#; dump: trucks as used for earth moving a$opt the . 

A,+. same principle. ,I _ ,I r ' 1 /I'. ‘t. ,. : /. \ .; . 
1 " ( Each half of the vehicle consists of‘\an ope,n& ;.with a wh'eel 'mounted at . ' 
., each side in a semi-circular casing carrying' axle in be&ings underneath, 

and a saddle,and handlebar on top. The:riderg sit astride the casing and 
one.has-a steering whgel connected by cables and sheaves to the rear half . - 

'. ,for si$ering .purposes. Several different types'of wheel construction are 

/v being studied, in order 40 evolve .a des,@n whjch is strong, light, ,cheap p 
, and,suitable for local construction; these include spoked wheels, wood, 

* +,,and metal, ,sandwiched construction and thin corrugated sheet s,teelr The 
rim will be of channel section to carry strips qf rubber cut from old 

L-.* 
0 

truck tyres, a technique used in Pakistan for ffarm carts. -.. 
7. " . 

: 
1 : It,is,hoped to.cons'$-uct'a prototype as soon asdpossible; funds'areO" 

x&g sought to'support.this development, which would result in a vehicle 
of great-utility for rural use, a natural counterpart of the OXT$@CE for 
urban and suburban use.; "! \ 1 
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FIG 3 SIIQLE DIbERENTIAZ WI?H TJdO.FREEWtLEELS. ' 
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FIG 5 

REAR AXLE UNIT 
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CONNECTING&@ 
AND BAND BRAKES 

Y-- 

2 

. 

e’ 

- 
,:: ;.i, 

.. .I. <,?;.-$ 
‘i,,<~ ,_ 

8’. .:.: ..,. 1% 
. . . ,2.,+ 

.i;:. 

-. 

. 

FIG 6 

OXTRIKE WITH 
CART BODY _I- 

p 

,” ,’ 

. . 
. . 

I’ 
3 



“72 
- I 

. 
'J FIG 7 OX? 

1 , 1 / SEA <. 
t' 'I 

\ * 
\ 

-. + Y 

l+ : NMPORARY 
P# SSENGERS 

E. Ai 
, 

-. 

C’ ’ 

,’ 

I’ 

* 
.I ,I.:‘ , 

; I 

d 
/. 

FIG '8 PEjDAL ROVERS &WHEEL-,DRIVE 
ARTICULATED LOAD CARRIER L 

1 
i : 1 ,/ : . j_ '? .y j 'if .." 



___-- - 
m-------o ; , A-- 

- ,d , ) 
. * _- 

. -1 : ~- --~~ - 
G P . .* 

r. 

a 

Qi 
: 

” 
:, 

1-L ‘-I -: 

I 

.’ 

4 . 

1.. : *- L’.r. ‘, -;_’ /- .L ‘,.d-+ _..* f’ 

CD: - --- 

.; 

$I”, . I -’ ;. .~*-4 

: . :; - 
. 

:i 1.7. J%ue.r'~{ee- l-Pbwer.Bnit 'for Tran~~~~t-a~d-M-a-ctri‘r;use’ =-ah 

*’ WY - , 

. ,&i&$-‘~~ 

*’ I -, L 

::I 

1 

, 

‘: : _;, 2f&$:eT=f-+ _. ‘...Ze,, - 

___,-_--by~-~-~gh~~~-~-~-,~~ 

‘. .p 
I’ Q : 3 

.Y-- 
r Lb’ ‘*,. ‘. 

. . aa 
1 

* 9 . 
I‘ t. ., 

b‘ a, 
z :).^ .-/-~ 

- ..- ‘. 

c 
i - 

,.&, 
1 ‘, , 

z- - 

i. . .- 
: . . . c 
; 

- :-;; 4,: 
' ~J&c%%r&Ln Industrial DegYgn (Tranqo$i) ;,'F?mc~ste*r;~,po3ytechi;2lc ', ' _ .: ; n . ---_k_, - ' %, ; r/ ~ z ~ w,_:<.. . ..4 ---- r , .,., _ ,._... . ..a-_-. 

_' . . Yrot$eri~.hnal$ais. 
:c, ..' 
k-Power Sources for Rural Areas in,De&lop"ing Countries -._, _, .. .- .- ,- 1 6 1, ,, - i' 

. In ruraL ar&&&w~~‘sour~c%s are needed for .scimplLe&&c&l~~a3 mach~inery~' 
now@.,.gzpg; &lls,- graters; etE;- The *use of e&h j~~achinerj, 

sim~le-Bnd_Po~~~~..mandfactu;ed, 'c,an,res‘ult in appr,eciable advances.,@:, 
. agricultural productivity: ~Power'can,$ls$ be used for.local tr@spoqrt, and 

small-scale industrial applicat;lon.s*4, ~ ' . I :. A . _' ? . 

- such as V&III 
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The use‘of humanbeings and.ani'fnrils as p&e> sources'"& widespread-butthe S, ' 
..smethods.-used are commonly'not efficient:,.The power, available in this case ' ' 

; . restilts7?%m the"conversion of food calories by musc& 1 - , 1 
i be incrensed by greater food'inta&e. f 

-action and so "can 
The effec‘tivk uti 'isation of this. = 

power. can also'be increased by the efficient design of mabhinery. Animal 
powerlis widely used an';i efficiencyScqufd','no dou&'be incre,ased ,but 

~ 

.app$ication will Je'restricted to those ,reqtiii';r'ing high-torque at low speeds 
(winches, alarpe mills .etc.g., In those areas tinhe% cqnsideration, the efficient 
use of the muscle power of,.,human.beinge affords a most flexPBle and useful i ,_ 
solution. . 

i. 1 

The -evolution .of th 
determination& th 
period. This is the 
other positions 

., wind resistan 
I .by a more'hor 
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: ,$i.’ . ,. ; .:. The peda$ power unit (PPV> " 
I . ,. 

/ o_-',,r .' wae'.developed.by the author from the basic dynapod. 
.$t; 

/:. 
This aevelopment-is'-described.more fully in a report (Pef, 21, The rationale _ F 

.- T for the-PPTJ'arose from,.cons$deration of hoti the machine u$ea of pedal- power 

/: *" rilate*to -potential t The pedal pokier unitcomprises a, A- % 

@@+y 
,,7 J pedal1e.d road wheelri ed to a frame with &dle. This unit can be 
.:. - _ “used independendy to nery‘via'a poweretake-off and can be _ 

6.2. I 
3-r corn&ted-to A two-wh ,form a load carrying tricycFe; The unit. 1 

,&'i 
-. L j( can;also b-k ,bonnected other unitsFor machine applications 

requiring higher poyere. 
i . . ._ ' ,.." 

_' ./, 
The link.between transport and maohine,usea can .be seen in studying --~. 

a agricultural or industrial, production. In a typ al +hwt~+i growing-'- * 
/' - .'_ $ me: 4 .- * 

\ ._ . 
I z , . 
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fertiliser are transDorte~th-~~~~~d,-c.rops~~r~~~~~---- . 
-~- --,- ----and-proce%s%dday-TT machinery then pro&i&-i%>ran,spprted to market. Similar, - - 

patterns can be seen in construction or small scale industrial production. 
. : The use of pedal power in this dual role is (exactly analogous to the use of. ,, w. 

'tractors in European agriculture Bs sources and transp*ort devices. " 
'. - 

. I 

ThecPPUis intendedcto extend the utilit of transport and-f&her work is 
. currently being undertaken by'the au&hor to develop the design and,evaluate ~'.. e-L 

its feasibility. In terms.of uses, fhe PPU woiiI&Suit ~the same battern of 
usage as.the dynapod but w'ith the benefit of this additional'%& to . L ' . 
amortise cost more quickly. 

I e 
/ . i ' 

. _----m-m'--- -- 
___~ ~- _~-.- ~-- 

1 c 
of specific 

applications such .as electricity generation, winnowing fans and ‘i I, " certain types of pump, due to the problems of adaption. 
: :. 

ii) Tf‘ the potential use of the bicycle as a power, source was taken into 
acdount at the initial design stage; then'this dual use could be 

L 
_. 

a$comodated satisfactorily as,we&as 'qther design changes to enable 
/- lpcal,manufacture. -g*. .I 

, ..iii) Fitting pedal drive directly l?%the'machine enables. optimisation 'of .I 

that particular application and*'is most suitable, for machines which 
are in constant use or communally owned and hired.., 

;+v) The dynapod is a'feasible solutio6-for &nmunal ownership when a 
number;%of mac,hines can be operated,--in turn,'or for a farmer with . 

‘ a range of machines. ' I i7 
, 

.$) The PPU fs'equally suitable'when operating a number of machines -: - u I. but is more, e6onomibally.,feasible for an indiv5dual farmeF,due to -- * 
P 

-I. its capability as.a.tra&port device. b 
. Ei . 

Pedal Power Unit Design Proposal 
0 

.', B 

The PPU comprises ,a frame with a wheel mounted in forks..The wheel is driven * 
by pedal cranks and,a ahain fitted to the forks and a saddle is,fitted to the . 

frame. For transport~,application ., 
9 

the unit is connected to a two-wheel * a 

t ctassis a-0 forms the driven ront wheel of the tricycl&.The. two-wheel %‘ 
: chassis is usable Independently gs,a handcart. A.~sub-framf fitted to the,forks ' 

k. *.. carries a secondary ohai'n and la$$haft driven from the ,rhe,el,-for-use as a' 
. power-take-off. This subframe pijots on the wheel axle a$d acts a& a stand 

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

The primary drive train consists of a l.16 tooth pedal'sprodket with a 3m (&in) ", 

.- 

. 
x : chain driving a ,24.tooth wheel 'sprocket. This gives a lowergearing than a 
'L 

standard bicycle, to be suitable for load carrying. The wheel consists.of a 
i, 

4' Raleigh Chopper (SOOmm x $3mm) type rim spoked onto either a j-speed 
Sturmey-Archer hub or a;dual threaded hub with freewheel thread on one side 'j .I. ~- 
and fixed sprocket lock-ring thread 
is modified to allow the fixjng 
4ame manner.. The fixed;24 tooth .- . .r. I 

3 - 
*' _. 

* il A,_ 
4' * , ,. 

, 
- 

.g' 
I 

i II _i -‘. ‘, , ‘1 I, - _ / /i ) 
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1 
\ s 

layshaft via.the. secondary chain. 
. 

The lay<haft is:a standard bracket axle 
with provision 'at each'"end for,power-take off.'The~ m&ains-arq ._t;en~~y~~~ 
jptikey pulley or by m,Fving the PTQ.axle hous.ing in'+ slotted'hole,'~ . : d 

1, * , . 

With the gearing arr&gement described,above*the power-take-off .&eed'will 
be IsOrev/min at-nodal pedalling rates.'&+ qubstitution$of different 8 
' sprocketsizes in the seCondary chain this &n be varied,, If .the ,Sturmey- 
Archer hub is%itted,~this'will give ap4eeds qf'IT2/15G/200 rev/m+ and ' 

p gives a convenient m-Ran6 of a!lter\ng.ratios. Recause the road w&e1 drives 
.) the s$condary'chain~~%ystem; it i‘s used,as a ,flywheel fo.r;power smqothing . 

and enables the,roa$"brake to be us'ed .as a machine brake., * : "3 D 
‘%k 

At tine end of the"'lZyshaft is fitted a'threaded'block to attach th 
secondary chain sprocket with an extens,ion.collar onto which a ta e-off : < -r;" 
shaft can be fittsd. This shaft.oan be used to connect two pedal power units 
together or to dri$e.machinery. On the opposite end of the layshaft is a 
similar block.'wit~~pr&ision‘for attachingOeither a pulley shaft or ,chain 

P 
sprocket to provide drive for machinery. ,The shaft used.for interconnection 
would be semit‘flex&ble (e.g. bamboo or GRP tube) to overcome alignxient ' 
problems. .c * 

. .;<$+ 
-?;j, @ 

7 3 _--. . 

It is envis&&d.that the unit will use B.tandard 'bicycle parts for=bearings,,,,,+ ~ 
pedals etc. :with a fabricated,metal frame. A. m,otorcy~le'~type,steeri~g head, 
is, used forC*ease of construction but it may beL~possible.to,substitute a . 

0 carrier bi$ycleVfc$$ Standard frame. pre$Sings'can be.used Eor.bracket 
axles if av+ilable. *The main frame is-designed to be fabricated from mild 

* * ste:el shee$folded.@to rectangular se&ion t{bes. A numbsr of other 

1 const-ructiQn'procddurss can be used, 
., 

'indluding'~fabrication from,stock 
- k .tubes etc. ?&e'most suitable method will be determined by)'+local conditions. . ; *_- ..$ I .I , 

A,.*C.. ,' 

.i , 

: Bor'transp&$'use~ the:Qlit is.,oor$ected to,a,$wo-wheel otiassje to 'form a 
front-wheel;-drivez'triqycie.. The chassis is designed to be used independently. 

. *j --, as ia handc~~t,:Cbnn~*o,tion between"the two sections is,madebat three-points. 
I These are the: two-"&?& feet ‘of the unit,and'the -top -of the',handle member on 

the chas%is, The,feet lodate in lugs on the.chassis and a clamp would connect 

1 
the chassis;handle to.,ba bracket on the,unit, frame just behind the saddle. . 
As long as $he'dimensi~onal constraints ,of.fhe attqhment'points, vehicle . i. 
goometh and-the .r&uirements of structural,strength'and sti‘ffness are 
satisfied, a',great va&ety o.f chassis de$igns are,possible. These range 

' fkom wooden:st$uct&es with,'fabricated wheels developed from local cart _ 
p,ractice,tp;metal frame -chassis using available!ready-inade whe.els. The 

;;‘de~signed~,payload -i-s .&Okg. Two chassis designs a.re illustrated ('igs.3 8~4) ’ 

4 
in the .&ode1 photographs. One uses-Raleigh Choppyr wheels in a light 
tubular'spa6e-fram$,-~.-which~ supqorts the wheel axles at..each,.side as normal. pi 

b /'The-other is designed to,.be.,;,fabricated from st& sheet and n,qe.s, light 
'motor car or mborc~ycle sidecar-wheels on‘stub~"&xJ.es. The vehidle has a 

. 

iiheelbase of T$OOsim and a track of 12OOmm with,?ground clearance below the 
-._- 
c ,chassis“of 2OOmm. .The ground clearan&-can be easily varied in the chas-sis 

,design to suiitoperating conditions. i. <' _ 
I ',. 

1 
,A number of bodyjtypes 'pan be fitted:to the chassis f:r different uses. The ,- 
: standard body wo+l,d~odmprise,,a platfdrm and;:,,two angled sides forming wheel . 

' .: :* -\ 2;; .,;+ .;i:.:, i. IS .! 
* *i. '" ,* &.' 

_. -':. pL' A+ ,,' . . :. ,r. . c y:.:' ‘. .'i 't Ii 
3. ,r, - I- 1. ,! . . . a i .I L .' I 
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be used e.g. tanks for water 

I carriage'(up to 170 litres).' :; 1 
A I 

, (:. , : Q 

I ” 

-Motor assistance by means of a.smal.1' twbist/roke engine c,an also be. 
employed. Although a further refinemgnt, thiaeillustrates the flexibility 

. ' of the design. The engine would be fitted to'the--front fork, driving the c '_ ' I wheel through the-<secondary chain system. This gives a mopped arrangement! 
using the pedals to start the engine. 1.&2.$W engines. would give speeds 
of 3Ok;p.h. for the fully laden vehicle on level ground. Greater speeds 
would require a stronger qhassis 'and much improved brakes EO are not 

. :adviaablec'Such an arrangement would be,an intermediate, stage between pedal ,,. 
driven and conventional motorised vehicles. L . * ~ ,-, 

3 --e 3 I 
Postscript : ;;:: ; , a 

Since the proposals described above were designed, consideration of 
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 caet or 

' pressed lugged joints and: although this results in a light frame;the 
-productibn of the'frame components is a c.apital intensive operation, For 
developing countries,' frame construbtion baaed on box sections fabricated ~., 
from stock steel sheet would be more,appropriate, The use of unit bearings,. 

I -suitable also for a wide'range,of machinery, would also simplify hub and 
crank construction. If such a re@praisal of bicycle 'construction is 
'undertaken to bevolve appropriate manuf%cturing.methods, it would also be t 
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 passengeg, in a'afety, dictating a-longer wheelbase 
'with smaller wheels: Additionally, the bicycle would have a power;take-off 
to drive machinery;;thus performing a similar funotion to the PPU. The 

I. bicycle could tow a trailer or could be csnverted into a tri@zle by the -'=-----=r 
addition of'a driven-rear exle'with brakes and differential unit, similar . 
to the Oxtrike (see Paper 3.). ? : ;' : .-. 

/ 
.A bioycle design similar to that outlined above, though not intended fsr 
developing countries, has been produced-by the author and Ian Barwell. Having .. 
won the Melchett Memorial Award for the design, prototype.oonstruction 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 5uch.a re-design of the bicycle would 3: 
complement the development of the PPU and dynapod concepts in extending the 
number of way6 in which'pedal power can be exploited in developing countries. 

3 
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,Machine Type l M&chines using pedal-drive * 
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I. Agriculture I ".'S. ~ I / 

,' 

T-T p - (I : Automatic'pump (SW) 
I". c Chinese dragon tooth.pump (SW: 

, "- 3 I 

~chines,suitable..for, 
conversion (with ‘existing 
irive method) k 
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'Maize Shellers Hunts'Cobmaster. (~.071k109) _. _ - y,7--- __. 
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Climax.(UK.O~3H.O1 hand.,, 
Godwin (.UK;OS3H.GS- 1 hand 
Howl ( ,053H;I3)-hand 
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:. 

Allied' -0j1Hl.01) hand' 
CeCoCo Japan 071H1.02) 
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Corn Crushers " 

Cereal *Breaker 

Chaff Cutter 
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Groundnut 
Decorticators 

d 

l'hreshers 
<.z 

'. 

Winnowing Fans. 
.- 

Winnowing Machiner 

” 

i 

Zoffee Hullers 

Lkshat (India 07H3.01) 
:ossul (India 071H3.03) 
\plos 
joring (Germany, 63) 
TTTA design 
Malaysian design‘ (RM) 

. 
Akshat (India 07H3;Ol) 
Zossul (India 071H3,03) 

NCAE design (RM) 
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~_ --- 
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Henson R Cie (France~b9lR~06) 
hand 

CeCoCo (Japan 095.01) 

Dandekar (India 092.04),hand 
Hunts (1~~092.05) hand. 
Johnson Silex (South Africa 

! 092.06) hand 
' Ajantz (India og2.o8j hand 

Rajasthan (India 092.09) 
hand 
Mohunder (Tnd'ia 071H1.04) 
Renson & Cie (France 071P1.07 

- electric motor 

Dandekar (India O7lH2.01). 4 
hand 

* SHudsons (India 0'51 H2.03) 
foot treadle '4 
Siscom? (Senegal 071H2.06) 

1, ha+ 

CeCoCo (Japan 071H3.02) 
foot treadle 
Midget, 56 
Cossu% (India 62) 
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I 
CeCoCc (Japan 073..Oi) hand 
Hudsons (India 073.-02) 
electric motor 
Hunts (UK 073.03) hand 
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hand ' j l 
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hand -I 

CeCoCo (Japan 092.03) * 
hand 'or motor ' ,:.- 
kensons &..Cie (France Q92.11) 
-electric motor. 

' Gordon (UK 094.08) hand w 

Bentall (UK O9b.02) hand 
Gordon (UK 094.12) hand 
& (09b.06) hand . 
McKinnon (UK 094.12) hand 

- & (O94.,13),hand 
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PaTm‘Nut Crackers I I Harfap Wilkinson (UK 094.01) I 
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1.8 Paper 5: Simple;Vehicles in Labour-Intensive Civil Construction ,a '- I 

by-x. Sharrock 1 & I 

Messrs. Scott, Wilson, Firkpa$ick & 
‘ P 

:, 
artners ' 

-' , 

Although programmed, this ,paper was'not pgesented at the,Seminar, 
'P 

(Note: 
due to the unavoidable absence of the author.) 

_.. . 

The work 'dkscribed 1n:thi.s paper has been carried out as a part of the 
Il3RD (World Bank) study of the Substitution oft Labour and Equipment in 
Civil Construct1onti This is a continuing programme to investigate the 
prospects'for appropriate technologies to empL;oy productively the 
unemploy$ 'or underemployed labour in-developing countries. In,these ' _ 
countries the extent"of completed civil,works such as roadsp: irrigation 
canals, dams, reservoirs, "river control works etc. is of course to a 
large degree 'a measure of the.development attained by the countries and 
these projects form a significant part of:lending by internatio,nal 
ag$nciies, A'large proportion, perhapsRas much as half, of these investments 
is ac,counted* for .by earthworks t&sks'of various kinds;-=and the transportation 
of earth and locally 'produce'd construction materials such as stoze 
aggregates over relatively short distances is usually the single most' 
important-activity within such tasks, in:terms of expenditure. p : 

1 
,H&lage of earth and stone‘construction materJal.s.,has therefore been one 
of the main areas of investigation in the Labour Substitution study. The 
investigations have consisted of work study.measurements of forty or more 
ongoing const&ction projects in India'and I'ndonesia, together with Y 

experimental field work, and proc,essing and analysis of the collected 
data. This, expexience has sho& that thes& haulage activitiesare 
characterised by haul distances from a few metres to several kilometres, _ 
the most common distances -fo.r earthmoving being tens of metres to hundreds 
of metres ,-whilst for moiement"of.+$one, 'i distances 0ver.a kilometre are 

. most-frequent. Earthmoving takes glace over the rather poor surfaces of 
tempera- haul routes usually, but when longer distances are involved 
quarries or borrow pits may well be sited to allow.use of available, , . 

_ iie&&,t '&&; -I.. -+e', _.. '.. + - 
; ..I. 

.-'- - 

ri .T' ': *I ? 
" '.Ha&& ]4et;ods .-.'+ y 'e. : ..L . 

,.,' I 
,' i - 

;; * 

- Agreat-variety of haulage methods&e employed in construction work. In 
India Tbr example ,‘at the latour-intens.ive.end of the spectrum, earth and 
stdne products are‘carried in shoulder pan's, headbaskets, yoked baskets, 
and in carts drawn by mules, horses, oxen and camels. Agricultural tractors 
with two wheel tipjing or non-tipping trailers are sometimes employed, 3 
and the use; of trucks, both-tipping and flatbed, is quite ,common': In" -- ; : 

L addition to,these:methods, a wide range of'heavg, western style earthmoving ̂, * x 

'... ' equipment is to be found, usually'on very large proj%cts. However it is .now @_*":. 
-L . recognised from the resul%s of the study that labourj'and animal based I_ .&I,. 

'- methods; can be fully compe.titive In terms of direct cost with;the latter,, - 
machine-intensive methods. It may be noted that where this holds in India, 
the ty$'idal unskilled daily wage' during the construction seas$?Fis about --_ 

\ 
: USZO.5, and piece-worker 
e. \ 

s earn up to US$I, or even US$2, exceptionally. ? 
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*' -"When efficient1y.organised the lab& and'anipral base.d haulage modes have 

_ 
( 

a.definite pattern--of"a'pplicatiop. With.reference .to Indian conditions,, 
0 

manual load carryingis the-'most competitive f.or short haul,s, for short : '. 
'7 " to-medium distanbes the beast of.burden is used, for medium hauSs.fhe 

animal drawri cart and finally, on long.hauls,"trucks give,the‘lowest ' 

; upt cost. (Unlike China, which,"is perhaps even better'known for.l'abour" .- 

:. based cons~truction;~in India wheelbarrows.'do not feature seriously in‘the : 
D- existing construction scene at all. ) -6n examination of this,pattern it .is 

the-size of the load carried in each mod&"%f haulage' correlates 
CI the appropriate haulage dietance , a^s indicated. in Table.Ii 

-f 

i 

j ‘, I, ,,z 1’ _ 

I _ 
(1 . 

)I 
. 

M thod. F E2 'Typical Load * Prefer&& Haul 
, 1 

--- L - -, 0%) Dis$anci (m) 
‘- 

J 
R 

Headbasket; .yoked basket : 
35 ‘... I.‘: *.: o-75 

* 
Donkey; muie '4 i 4‘1 'Io&&o 

I 

+ n ; '; .I -,- ~&y-J~'- 
. 

-. 
Caniel ' -8 n *.' 

‘z TL 
.y f@)() .. 

; b r-. .,, 
b ', ' ~&)-@~~ . 

Mule cart, ox dart, cam61 cart" -p g)&OO~ * 
1 

200-600 * 
Truck 

. - 
i ,. l ;500 

0 3.; -9 ; 
4000 :: upwa+:o 

L 
n I . ; . . 

. Table. I:-Correlation betw&&nh' ' ' . au~age,metgnodS~~lt3rpical load carried,, and' '- 

-' _ preferred haul dist'snce - .'I @, $1'. L >& . 
-4 .- _ . . 01,. II ~. :; _ 1: , . -. ' _ * ,\ 

:ts ,A ' The-ev$dgnRe for the exis-teqca.Jf this':%attern.'is extenszivq~and. suggests 
strongly that the ma,jor role.& cc$truclion w&k for rj/imple '6Slii'cles 

t capable of carrying loads from perhaps IOOkg 'to the,haulage'oc 
- materials.ov,er distances fro&,about '$IIP to wo such vehicles 

4 .' -- ._._ are the yheelbarrow'and*thk.animal drawn cart. it is well-known._ -' 
yistoritially th"at these ha&'"been e$!ployed in 

quantitative information has been"availdble 1 
continued up to,thee present in some @arts of the w~orld;,,However, some 

/ ( success has been obtain,ed_durin'gr,the~~bo~ Substatution sttidy,with 
.wheelbarrows.-.devel+oped for‘earthmoving tasks and a reasonable amount'of , 
L productivity“data ,ad background infoArration.re&ating.to, wheelbarrows is .- . . _ now.'being assessed:.In;Sndia the,&e of.animal dr&n-&ta for earthmoving 
has been developed to a ve,ry efficient leve!i by petty contractors from -, 

" ,.‘ parti.cular areas.;- and aa a result. of, observations.'at several s.ites'someF -'. 
progres~~'ca#now1be made in analysing this mode, of ha'ulage:,also, Liteqture 

' , studies,have.been-made'on .hiaman-'e'rgonomi'cs andl$he work output of anhals 
0 . (Rae@. I, & 2‘) arid work .is ‘&ntinu?dg 6ri)_the. g~~ly~is.of-SJkeelbarrd\i and 

: :' 4, animal based haulage'methdds,(Refg. '3 & 4). Sbme..of.the init$al findings 
in th'ese' areas are discuss&i~briafly in',the following seqtions. . ,_ 

a * 
The Work <butput of 

,.vr L : . . . --_ 
-+'h-e physiology of man, 

-' geneN.imilti. r. .w _ . of the work output of 
-. 1 
I:. 

serve to illust.rate principles,'.applying;a$so to animals.. However someedati 

4 ,' * - 7 -- . 
.' (. " . TF. 

b. & ~ ':.. .s >- . k I I i 9 '. 
-3 . .' -8 .*~ . .yi, " _ 

/ 
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in of this is 
' life processes, leaving Iikcal/min 

than a fifth of this remainder can 
the level of efficiency of the ener conversion process and df:the hum&n '". 
.mechanism. 'Hence+ converting to the standard unit for pow&, an butpub of 
60 watts can be postulated for.activ?ties utilising a substantial portion 1 
of the body's musculature. This quantity is meant to be comparable with the I 
brake horsepower figure for a vehicle, it,may be noted. 

.I 

This simple view is useful to set a perspective for man-Powered machines. In 
c 

civil construction and other heavy work, particular factors to consider are 
_ as follows: jS> 

i) The body'hss a certain reserve capacity of energy which enables 
greatly increased power'.outputs to be sustained for-short peripds 
/, -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 minutes 
'at a-time in%eavy mayuai work. w 
. . 
ii) When the reserve capacity Js used up-by heavy work, rest‘is essential 
so that replenishment of the energy reserve can take place. The higher the 
maximum work Gate, 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, 

,' 
e 

I.&-. 

2 :. 
;:. <, i 

.j 
1 

iii) Th e work output (and necessarily the food intake) of workers ' 
habitually engaged in manual work is likely to,be higher than that of 
the 'average' man, for the same body weight. J I 

2 
l L 

Thus in const ction haulage activities'; since the haulage process is 

4 'in nature, with a relatively% demanding haul-laden peri,od 

0 .I a haul-unl&den*Period during which rest can be taken, the 
rate of working is cyclicoalso; Brief periods of high power output of the .' 
order o-f a minute or so,‘ alternate with rest periods. In making comparison 

. with continuous effort such as longdistance haulage of goQds, or much 
agricultural work, the cyclic nature of construction haulage must be 
considered carefully. , 

. 
-. ' Characterjstics.of Wheelbarrow and A()gimal Cart Haulage 

Experience,,indicates that barrows and carts are'very sensitive to gradient\ 
.and cannot negotiate long slopes of more than 4 or 5% when running on good 
earth/surfaces carrying their normal short-haul loads. This is a con;equenc 

A 'ball park' value for the operative 
carts and baqows is,suggested ,in Table 2, 

sis of infonned.guesswork,'where the b.h.p. to gross _ 
to be in the region of 0.6kW/tonne, for short-haul work.' 

. .@ 
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Haul Method ,0' ,-Weight (tonne) 4 Short Period Power to 
'0 

P 
H@&~~: !VehicSe 

1 Power Output Weight ratic 
Load nTotal " kW kW/tonne "7 , 

~s--‘~tja~,,s, ;; .‘; 0.,03 
* 0 1 

Wheelbarrow d .I2 .65 . 
‘Mule Care .i *” ‘bf 0 

0~1: ’ oh85 
(3.4 

:“. 

“Ta’i :0&5;” Oo. ” 

0.i8 + 1.7. l 9 0.53, +L 
Camel..Cart 0.7 : 0.6 1.0 2.3 ’ IS -.q -. i w ~ 

w Table 2: Power-to-weight ratio of laden carts and barrows 

Special measures such /as provision of ramps,'use of ejttra haulers or 
arrangements .for winch assisjtance are necessary where slopes have to be 
climbed'if a considerdble reduction in payload is not to be suffered-In 
view of the low powerjto-weight ratio it,,is important that rolling 
resistance is minimised. It seems likely that rolling resistance commonly 
amounts to 4-96, given a good earth surface and well inflated smooth' 

.s 

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,lthan I to 2 metres occurs in a short haul, animals 
carrying panniers are generally used, in preference to carts, nqdoubt 
because their superior climbing abilify,makes them more economic in these L 
circumstances. . . 

* 

Animal carts used for earthmoving, although similar to road-going carts p 
are special.ly constructeQd for the earthmoving task, as follows: 
J 
i) The harnessing arrangement often enables the cart to"be partially or . _ 

speed the unloading process. -. 
Li, 

eithe>-ADV (Animal Drawn Vehicle) tyres' 
or trek tyres, the tread m&y be-ground of&-t% give a smooth round 

),"/iprofile. 

iii) The body.has shallow sides or a simple flat platform to make hana 
\ loading as easy as possible. ! # 

* 

These carts are produced by very small saale,manufacturers.,Where some 
advanced technology components such as tyres and roller bearings are t 

secondhand parts rare generally fitted.rThe body and much'of 
is of wooden construction. The major reason for fitting be 

tyres to these carts is probably that convTntiona1 narrow wooden 
wheels .are:'at a Qarticular disadvantage on earth surfaces because 

they cause a rapid de,terioration 'of the running surface, with consequent 
increas&of rolling resistance due to deep rutts- and deep layers of dust. I 
Tables 3'& 4 give typikal deta%ls of animals and earthmoving carts.. 

D 

, Speed Ty@ical Load .@art.Purchase Typical Chassis , _I ' '@n/hr !. kg Price.US$ Tyre Size ,Life yrs 
-,: . . 

Mule -Cart 3+5 806 130 .“q ’ e 6-19 6m ’ 5 I 
0% d&i ~ 2~3.p * ‘$jQO~ . . : 5 : 

‘*’ 
130 j* I 6-19 I4pR 

o* ~ 
- C&e1 CaTt 3-5 ' 1060 7. _ ,..& 170 '. ‘9-k IOPR 5 : 

- _...-. '_ :_ .-, R 

Table 3; .. Charscteristics of ani~l ,drawn,~arthrpoving'carts 
/,:* 

’ * :’ 
., 

: 
-: 

d - - > I +I i/ -% .; ~ 4 I- *, .. 0 . b : x m D -> 5- ._ _,a .o ; _, ,, b ‘, :. . :36 / :.-.I 
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Approx,‘Cost 
us 0 

Donkey I 30-70 
Mule 100-180 - 15 
ox 70-109’ ~ ” e IS 
Camel ‘ .:, 220-330 IS 1 :.' 

Table 4: Characteristics of draught animals 
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Some forty-wheelbarrows of different types'hav;! been used in extensive 
field work during the study. T,h&e have been of five basic patterns: '\ 

I 
i Two-wheeled barrows 

I 

, ii U.K. style single wheel 
iii. Chinese-style large diameter single wheel I . . I 
'iv 1 -Swedish style single wheel i 
v) U.K. body pattern modified for large diameter single wheel. 

The types of wheel-used have included small cycle wheels, 
; 

scooter wheels, 
motorcycle wheels, wheels with solid rubber tyres and all-metal wheels; I 
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 distance, and are a viable 
alternative to animal haulage methods up to perhaps 2OOm. 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 oneumatic tyres cause considerably less strain 
for the hauler than the steel or solid rubber type, A good wheel is an 
expensivg item ,and has to be fairly heavily made to withstand, ihe working' 3 
conditions, therefore the fact that a single wheel barrow is lighter and 
cheaper than a two-wheel barrow is a significant point, For fhe range 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, -Prepavation of barrow-runs is also 
simplified for single wheel, barrows., For hauls longer-than IOOm a large 
diameter yheel and greater load capacity as ex.emplified by the Chinese 
style barrow is most effective, providing gradients are minimald Particular 
circumstances can .lead to alternative choices, it should be noted. For 
example, very good results have been achieved with a metal wheel running on ; 
a single steel tube rail; and where the position of a'haul route does not T' 
have,to change frequently this system could be most economical. As another 

' .example, for winching heavy loads up long steep slopes the better stability 
/ 
j 

-of a two wheel barrow might well be essential. 
' 0 b _- 
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:n I.9 Second Discussion Period " 
. 

. 
The discussion cent+>c<on the 

, needs of developing-2,ountries; 
approximately~one week's wages, but for most people in developing countries 'I 

It was suggested that there is a 
(I 

-: it,represents several"months@ *earnings. 
need'to develo$bioycle de.signs which could be locaily manufactured by 
small ,s&ale enterprises at a low unit cost, utilising importeff_m?aterials, 

; and components .only when suitable substitutes are not locally available. ' 
It was nqted that&:in additioq!to ithe activity outlined in.Mr,. Wilson's 
paper work is in piogress, 'under 'the direction of Messrs. Franchi and 

-• _- Vegoda,.on a new bicycle design ich migh_t meet many of .these cri.teria,l 
I = a@ which would require only a ve limited number of/i&ported components. 

Participants were cautioned,,that it is dangerous to assume that all 
developing countries h&e the same requirements since conditions, and the 

I : availability of. skills and.resources, vary greatly from one plaae,tii another, 
t .-' ; -4 '= 

The discussion moved on briefly to the methods by which ideas could.be _ 
.' transmittedto areas of need. It was noted that ITDG is able to work 

1 , effectively with industrialists-in this capacity through its two 
subsidiaries, 'the Industrial Liaison Unit and Development Techniques Ltd.; 

1 >, who have'already undertaken a number of successful projects where such 
collaboration was involved. '\ I I - _ .-* 
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2. Session 2 , 

e. t 

2.1 Paper 6i ' Sma 11 Farm Vehicle i :a 
. . 

by R. Wijewardene 

International Institute of"&opical Agriculture, Nigeria 

(This summary of Dr. Wijewardene's presentation, which included a film 
and slide series, and the subsequent discussio'n has.be.en prepared by , m 
the editors.) ' 

Dr. Wijewardene's presentation described the development, some s‘ix years 
ago, of a Small Farm Vehicle (S.F.V.). The work began with a survey carried 
out inMalaysia, which.showed that between 70 and 8% of the po$ulation 

. were engaged~in agricultural activity, and that something of the order of , 
7% of that activity involved transport. It therefore appeared that 
appropriate desims 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 4ince 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 draught animals, was fixed. 
. 3 

The approach which was adopted was to define the' peak labour de&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 e 
S.F.V. The design requirements for the vehicle were that; -- 

i) it should sell for no 'more than US% 1500 (I971 prices); 
it should be able to negotiate ditches alad swamps; 
it should have a high level of manoeuvrability; 
a number of implements could easily be attached; 

v) it could be used as *basic transport vehicle. 

The design that evolved hadOfouriwheel-drive, each wheel being independently 
3 driven. This enablehsteering to be achieved simply by differential wheel 
a speeds, 'thus ailowing very high manoeuvrability with a minimum of mechanical 
components:Power was provided <from an IIkw petrol engine which was also 
successfully operated on methanol, thereby removing the necessity for an 
ignition system. 

I 
'The vehicle had a re-inforced plastic/plywood sandwich shell which'formed 
an integral body/cha sis. 

a 
A modern' image was presented in order to make 

the vehicle compatibl with current automotive designs. Thiswas considered 
necessary so that farmers would not consider that they'!were buying a 
second-class produc&hile the urban dweller got the-best. Very low 
pressure (O.I6kg/sq. cm.)-balloon section tyres were used so that ditches 

ib and swamis could be negotiated, and this proved to be very successful. 
However th$ latest thinking is that better performance can be achieved ., 
using very large diameter. tyres with special treads which cut a track 
through the soft mud to bite on‘the harder ground below. 

.-i 



vehicle, but there is-,still a considerable amount.of further 
development required3'before,.such a device becomes .a practical 'farming 
machine. 8. 

. 

.‘, 

. 8 I 

Discussion 
-' / . 

r-. 
.- 

In the discussion that followed various 'ioints were raised relating to 1 
tyres and 'wheela.-,It was stated.that a further advantage 'of- large diameter 
wheels was that it was easier to negotiate rough 'ground both because 
of the angle of the tyre to obstacles,; and because of ;the greater ground 

I- 'clearance which could be achieved. 

In discussing the power requirements of~agricultural activities, Dr. 
Wijewardene stated that many cf the.ploughing tasks could be eliminated 
by greater use of mulching. Were this to be done then total vehicle 

. e power requirements could be substantially reduced (perhaps to 4kw) 
since if is the ploughing. operation which uses the most power. This 

i approach.would greatly increase the utility of two-wheeled tractors 
driving a variety of implements. 

@ I ~ 
. ,/ i 

Illustrations ~fol.lowing <a?) ' 
i 

Figure 1. Shows the S.F.V. with the seat removed. The engine, bzdy/chassis 
unit and parts of tk le transmission system oan be seen. 

ei .ng used as am transporter. t 
i. 

performing agrilcultural operations with ' ,' .?' " implements attache 
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Z”k : 2,2 Paper7: SNA,lL 'Pranqport i I' k 

by C.' Crossley, J. Kilgour &: ,J'.'Morris 

National College of Agricultural 
e 

b Technical Considerations ; 

. 
planting of crops at 
At- the time of the year the farmer 

and neither hand nor 
. 

.' 

, 
number of reasons this $8 not technically feasible. A possible solutio 

, is the SNAIL. ( * 

I which-can be anchored to the,.ground with a sprag. A modified0 ox-typ 
. - plough is-.pulled towards the winch by a w+re ro_pe. Two men ar 

one to drive the winch, the other to drdve the‘plough.!Wie, o 
follows.+The implement is placed in-the fi<eld where cultivat D 
start, the .wire rope is attached and the winch is driven across -the 
unwinding the rope.,When the rope is fully extended‘or at the , 

-1 . * field the driver disengages the wheels and en&ages the winch. 
soon as the rope-starts $o wind in, the sprag enter.6 -the grqund%+ 
the-winch firmly. When ‘the implement ia pulled up to the.winc . 
is.disconnected and the win@-i'e,driven off again'unwinding,t 
start the next cycle. In this'way it is possibie to use a small e 
pull a large load.without the problems of wheel,slip and wei 
traction. : / -1' I . 

\,.. 
‘ A number of prototype machines. working on this' principle have b 

and tested:in Malawi under an ODM R&sea&h Scheme (Refs. I ,& 
economic study'was Dade in $975 (Ref. 3). This showed that th 

0 technically capable of primary and secondary'cultivation of & 8.1 Ha 
. holding (20 acres).but. less a$tractive with the/particular. . 

deeigndue:to the-high oosts-at the time. 5 * 
I ,,' 

By re-arranging the 
machine c&.be' made' 
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been selected for the purpose‘of evaluating the appropriateness of'the ; s 
\SNATL system (same situations as used in Ref; 3) as a-transport device. - 

T ble I shows the area under the principal crops in these-situations. 
Tab e 8, 2 shows the quantities to be, transported in kg/ha for the ‘jprinc+pal 
crops. The'quantities to bnransported before harvest are-small a!-$~ are 
ignored in the following analysis. It is assumed that the farmers wit1 ,' _ 
wish to transport all the yield to market. . 

- c 

The transport distances can vary considerably depending on the distance 
between the-garden and the-.household; where it i$ assumed cleaning, ' 

resulting in an average 33% loss in : 
processing and storage takes place, 
weight; and between the household and the local market where . 
is sold. Of the range of distances quoted for the land devel 
a distance of 0.8km from garden-to. household (I.6km return 
6.4hn from household to market (12.8km return 'journey.) has b i 
'the analysis. The. travel speed of the ,$randport 
(half the maximum) to allow for loading.and unloading twice and unknown 

+-delays. The fuel consump%ion,has been calculated qn the bas*s that the 
engine is working at 5% of .meximum power (de-rated for Lilongwe altitude -* 
and ambient temperature). and forthe particular ,e?gi,ne used is O.S8kg/hr. ' 

*. Table' 3 shows the transport requirement fox 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&rage' -yield and for- the. 'best' yield expected ,: 
- by the more progressive farmers. , - * 

The harvest'time i's at the end of,the rains and for the cr&s lteted 
occurs during March, A7pril and May, the-precise time depending 
timing, duration and intensity of the-rain: for the particular ,, 
is a considerable labour peak.at this time of year and in-the three cases 
'considered often a iabour deficit- (Ref 3). This will proba\bly mean that 

* 
some of the crop will be harvest?d late and consequently be of lower value 

, or lost entirely. In the wor&.situatSon"the farmer will have to spend about 7 
six days, on crop tr'ansp~t.,from'the,,gard'en to the 'household. With head ( 
porterage as she major transport method, transpfrting accounts for a large - 
proportion'of 'the, total harvesting labour requirement. Since a reasonable 
head load is lo-20kg for a long-distance and !&-SOkg for,a short distance ' *' 

1‘ with a maximum travel speed of 4.8k.p.h.,, this will take the one man 
approximately eight. times longer than SNAIL transport from gardpn to " ' 
household;'Uaing the SNAIL t?ransport system may well avoid the labour ', >. 1~ 
defi'cit .at this tim.e, so' enabling all the crop to be harvested at the . ‘r .’ -:. -. , Q opt&mum time. i 7 r (_ I 

4 Transport from the household to $he.market takes considerably longer, even 
though the quantities of the final product are less; due to the longer , 

,. distances involved. This 'is' likely to take place during the early part of' 
the dry seas'on'when 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 Groblem. This is"tfie time of year when people travel.socially so this 

,-b , 
act'vlty may .not be considered aa'just a chore. 
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From this/'simple analysis'it would seem tha< the SNAIL transport system 
. 

:'-y 
s 

I' could be technically-satisfactory for these situations; ,-' , 
I , 

:; . aI . --. ' a". u c : 
*-.A. 1 
". " 

,.; . '1 & :' 
"" 
.T' 

..-z', : 
a 'I I * facilities.. .* 

I 
;. 

,r" -7' 
_, '- 
,' . . , .: 
I- #I J spending on transport is low, 

* expendithe (Kl per holding in 1968) (Ref. 8): and,-as mentioned earlier; 
) + 

c . '. most transporting of'marketable produce Yn \$alawi is performed post 
. _ harvest by low opportunity.cost.:labour. One recent smallholder transport, I 

survey (Ref:4) estimated,that 'of household&$& selling produce outside ' 
. the area unde,r consideration', 70$.cax&$ied i#by foot and 13% by.bicycle.. :. :' 1 e 8;:‘ 
- Estimating costs .for,alterna~ive'small~older"transport method-s in 5. 

L developing countries is,,difficult bcth because feq such transport ies 
have been attemptbd and.because smallholder transport methods do'n .a 1, 

*r .< ., r'- ,_ : i always lend them&l- to conventional costing exercises, particularly';. :. 
_ .I where otherwise &emp~yed'family labour represents the major cbmponent .' ., 

( ! of the transport system. . . 
?' _ Q '* : ._ 

. Costs of transport1YaZy~consiherably between oommodlty type,a,'tran23port,,:, ': 
&f I methods and.distances covered.'.The figures of$ 1972 surve$.s.howed the , . 

costs of head porterage in Malawi"ranging from KO.18 to KTO.79 per tonne. 
kilometre over distances:ranging, from"C.&m to',6.&m, aver$ge 2.6km. 

c -Average ox-cart distances were 2km., the greatest distance,being @n., and, '. 
costs ranged from K1.16 to ~1.83 per tonne kilometrb. Pick-up trucks .were * 
cwsideredTto have the cost Bdvantage over distances greater than 4.8km, 

I 
., I costs per" tonne kilometre being KO.55.4 @er short hauls of I.6km,pick-up . . . j 

truck costs were equivalent to K3.23 per;tonne kilometre. Observ5,ng the , . -, -Y increasing popularity of,ox-carts. which are relatively inexpensive to 
il. ,' i purchase and have- negligible operatingcosts; .the survey considere,d that: 

*ox transport .would take o;er,as the;most!?,important~short haul mode;of. 
conveyance. At present, however, Malawi farn$rs.posbess worn 
oxen. + 

'. * '[ . ,?I I _ 
, j .- ' I. IO, 

In recent years, the smallholder developme@ sche,mes, 
/ recognising the importance.of tianspo:;t.in encouraging = *' 

farmer marketing response, have provided tractor/trailer transport to .' 
F 

. I peasant farmers,at various ldvel$.of subsidisation.. For$example, Lilongwe' : 
i .' Land -Development Programme, Central Malawi, collects and!bcarts to market ~ 

~ the produce of those farmers who participate in the scheme's .credit 
packages. The charge for transgort, 

: 
* : at K0.30 per bag for'maize (equivalent * 

.-,.to K3.24 per tonne or ~0.61 per tonne kilometre) is deducted together I . 
with charges‘ for'gjleeds, bprays,,fertilisers and'credit, from the *farmer's 

1 revenue at the point ofdelivery to market. c -- 
_ t I * \' . 
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', The SNA'T‘T, transport method is considered to offer an al-&rnat&e 

. \ . ': 
transport mode for short to medium (h.skm) dis$.nce?&..uls; Engine powered\, 

\ 
= \ 

transport devices, however small-,-.-axeexfiensive to purchase and operate. ‘? 
A major advantage oflthe SNAIL%anspo,rt system is that because the power \ 
unit is primarily used as a cultivation device, the major part of the __I I 

\\ \ 
annual fixed' costi ar'e attributable to field work activities. The multi- 1 ! I \ i 

:1 purpose aspect of the machine allows fixed costs to be spread amongst \~ 
\ different operations. The fixed cost propor,tion absorbed by transport \\ 
t activities wili depend on the% relative importance, in terms of annual i 
I working hours, of the transport activi4y. In the farm+ situations quoted 

earlier it is estimated that the fixed cost percentage allocated to 
transport is of the order of 2O-3oo/o. c' \ 2 

\ - I i,. 
SNAIL Costs ' ,, 

The estimated purchase price of a SNAIL manufactured in Malawi (‘1975) is 
KISOO. Assuming a-life of five years the annual fixed costs of ownership 
are estimated at K410. The'hourly operating costs of repairs and 
maintenance, fuel and oil total K0.87, excluding labour. Worki= its 
annual maximum,of 8.1 hectares involves SNAI'LLin an estimated 600-700 
operating hours. The time spent on transport is considered as a fraction , i 

of this latt,er figure to derive a share-of fixed cost's attributable to 
transportI 

-_ ., 0 \ . I, 1 . 
, An examination of the costs of SNAIL transport (Table 4) reveali.an 
,approzimate cost of K3'per:tonne kilometre excluding labour.'Re,lative 
to 'exJsting alternatives, p articularlythe use.,.of -ox-carts, the SNAIL 
appears -expensive. The major reasons, for the'machine's high costs are 
its considerable annual fixed costs (KLOO compared with K80 for a 

'- complete oxen-and equipment team) and'its slow rate of work (capacity x' 
speed) relative to-other moto$$sed transport r 
transport'requiremeni$, exampl'?s are based 
this represents the .$@asonal CT acity of the 2 
In many developing,coQtries average holdings a much smaller than this. D it 
'In Malawi average ho1diF.g ,sike is I.52 
'being above 5 hectares?$n. small holdings the SNAIL device is:d&ffi'cnlt 
to justify, the coats o 9 ownership and use' being prohibitivZly high. 

_^' b, 
L' _ J II, 

,Usin$ SNATL in the as a substitute for head.p,orterage?., , 
considerably for harvesting and marketing 

productivity and easing labour bottlenecks ' tpnsportation. Improving labo .I 
. during the harvesting period ca particularly important .in'realising 

the potential yield increases better inputs a&husbandry $ractic,@ *- ! 
during the production year. dce to the-marked u&nodal -, 
rainfall distribution, is characterised,by a period‘ 
of intens-e agricultural after which'crops are 
marketed during the, period. During this latter period, L 
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is considerable, the &AIL device could prove a valuable,,transport asset, R : 
particularly where farmers arerrew2rded, for timely marFeting. In a.similar _* 

73 
vein, where the opportunity costs of kegpingpxen on the land are.high;q . 

the use of a small, engine powered device such as SNAIL becomes more 
attractive. c ._ 

. 

I : , It is in situations where the hidden costs of traditional hand or animal 
powered transport-:technologSi are high that small, engine-powered _ 

i 
* I. transport devices provemost benefictal. _ - ."' . .,I 5 
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‘2.3, Paper 8: The TRANTOR and the Cellular. Production System‘cfor Indigenous 
Vehicle Manufacture I ." 

c r) c r) 

by G.A.B. Edwards by G.A.B. Edwards s s 
. . 

J '" ; J '" ; 

Trsntor Ititernational Trsntor Ititernational Lt$., Lt$., t\ t\ ,i >, ./ ,i >, ./ . . . . 
-1 -1 .s .s ., ., 

Part I; 
', ', \ \ 

The TRASOR Project as-an Industrial,isatidn Package The TRASOR Project as-an Industrial,isatidn Package 
Y_ Y_ _T . . _T . . 
“: .: , _ “: .: , _ 

~4 - 
,$5 :- G#eneraL Strat$gy b ' - ' 1 J e ', P. we" _ - -9!- -. 

The TRANTCF? is a general purp,gse work ve.hicle and it has been, designed and 
I .* 

built in Britain. It enters,i market which ia currentlysatisfied by the-. ' 
makers of tractors, Land'Rover-type.vehicley-and lorries and trucks up to . + , 
about 8 tonnes. The combined world*population and future market for all the 
vehicsies in.theae categories produced by-Mirssey-Ferguson, Toyota, General 

:.:., 

I 
Motok *- - . Fiat Ford and others- is so large that by obtainingI'% ,of the,market, 

I the TR~NTOR~roject liould‘achieve great success. 
are produced and‘ sold each year. ., : 

For exemple,~~OO,OOO~ tractors, 

1 * ,- . . : 5, -p .c , .J .- .- CI . 
'The product is particularly notetiorthy becguee of~its wide,+:range of general,.,. _ 
uses and our policy is to.ensure that an appropriate TRANTOR is see,n, tested 

1 _,,.i' and thoroughly examined in.each of the countries and regiona,of;the,world 
7 u where productiog may be established or the vehicle used;If a country is ,, .:. 

beginning to establish its,own,--motor .vehicle industry then TRANTOB '. 

L.3 
.' manufacturing and assembly ought tobe- $neitided in'the most:basic needs of 

_ .i .\: c the nation concerned because of its use as a car, tractgr, truck and lorry:-\ _-. 
._ " TRANTORS.plough and take the‘full range of f&?ming equipmen%. The tra$ling* 

'capacity is T'O tonnes with unbalanced trailers, 'a&l 'the .vehicle;which has 
an integral safety cab.,<.can cruise a-t 80 k.p.h. TRANTORS operating as rural . y. 

.P busesi \ with apprFpr$ate trailers, can carry up to thirty peciple.'$hey;include' 
.Category 2 tractor linkage e.quipiuent. ;, * s ?.. I 

I 
' The rimary-aim of. the TRANTOR pro*J&t, is to provide all countries of the- 

* * ,'worl; 
'which ill satisfy the home market and provide an export potential. Because .c' 

E': 

y+ I 

with a motor industry which they will largely own and operate and 

<' +'TRANTOR \,can act as passenger cars; trucks and tractors, the pro3ect helps 
the developing country conserve its scarce cap,ital resources. It allows ' : 

.' -_ .such nations te use their limited resources in other more productive 
investments elsewhere.- for .example;. the-vast range of agricultural equipme@nt ' 

' needed for efficient food producti'on. The attractions of the TRANTOR project ' 
r to developkng~nat'idns also extend to the minimisation-of use of foreign " 

: -.. :. &rency reserves because TRANTORSiare designed to be manufactured, not just 
-assembled in, the,c,ountry concerned. A further basic principle is the way,in 
which the TRANTOR project can be.used'tc@,end the range and increase,the J . 
rate of industrialisation,by teaching,,.in a specially designed training school, ,r 
the J 'e range of skills, 

l? 
d required, which include painting, welding, drilling, 

m&l ing, turning, grinding and. boring. 0 I_ ,' .- 
2 . . . . 

A Policy for a Collaborative Association 
*= 

a / ~ 6 '9 -, 
-'* '. When entering negotiations in a 'new' country, collaboration irith Britain 

* I' ,_ usually begins&rom government agencies, p rivate manufacturing 'and/selling 
businesses, business consultants,',development authorities, agricultural and i 

b : * - 
e _ /' 

I - /' ,a " ,A D '. ,r / I, . 
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trtinsport specialists and those currently working in motor and agricultural I 
i- . engineering. i. 

' : ._ . . .C, 

In ap-cases;& is important to: 
. 1 . I . : L, -2 

: 1 . 
l L i 

.,. ~ 

: i) make arrangements for a vehicleito'be-hired or sold for ddmonstration ',I , 
,. and test under local condltians \ ! ,' . \ . '. 

1% ii) 'conduct feasibility studies concerning the potential in home and 
ne$ghb&ring export markets; the skills available to'buildiTRANT6RS d ,. ,;;, ;: L 
and toi‘assess the.rate.and the stage by stage process of factory 

._ ,-., o building (i,e. assem.bly, manufacturing of chassis, simple Skill working, I 
,. complex skill workdng). It is necessary-also to assess the various details,! '_ .' of the'product desi-gn which would best satisfy the market. Various ,. 

.alternative component supply 'sourceg; 'with costs delivered- to site 
,L._ i 3. '5 need-to be considered. Factory location,, land availability and plans ,I 
. . 

for after-sales service all need t.o be.examined as part of the, -.c~ 
-.- feasibility studies. 

. . 

. 
'+i \ _) 

> -z 
.\' Our+C<organisation of this whole service, from its led by 

Stuart .Taylor( through to i'ts work organisation (Group 
_ Technology) consultants led by Br. Pierre Schmitt of France.'The work of these , 
consultants is well known in the field of work organisation. Our consultants * 
have *been pieneers in this sew field of work groups and have-advised, amongst ' -; .; 

CJ,.$ 5 others, Platt (Saco-Lowell), Dunlop, ,British Oxygen,. Knqrr-Bremse, Ferranti, i .I RankXerox and Tube Investments (Matrix). Ou!c advisory work has always :.. 1 
f' . concerned i he way in which t-hqse large, 'i labour-intensive firms should develop' ' i L 
,-‘ ' in future"'to increase thefr p*ductivity, improve theirr;delivery, reduce their 
'\. I work-in-psgress-and develop their management and labour relations style to : 

meet the neede.$nd changes of the day. * 
.-. -' --. _ _I.------ ._,_- ~ 

.p‘ f 5 

- 
Our whole policy is to .cffer a complete turn-key operation .for any*co$n& , 

-_ wishing to have its om'motor vehic~le,indus'try based partly or whol>ly"or 
vc even firstly on TRANTORS. The following information is avtilable: 's 

B ,/' 
A I2 minute colour film'of the?I%ANl!OR vehicle - 

. 
_; 1, . . .' :- . 2 .- A col&r brqchure in English, French and Arabic n . ,? * ; 

_* A TRANTOR.. product' specdfi,cation ; * " L " I '-- .,a 
:, -A n outline proposal ,foY&et$ing up;TRANTOF+ factor-ies '. ,; 

( ,... 
i 

; ..5 ,',A list of bought-out components with' detailed pa<tt~@ecific.-+tion iMany.: L 
\i 
i alternative engines , electrical .eq@pment and general'bought-out parts;" :,;.., ,_ -.I 

ar,e available-from many different:countries) .i - . d *' _' . 
A minimum building'specificat-ion '.:. .' 

/ 
.7 The fixed capithl equipment n'eeded,to make.TRANT\RS at-about 2GIper week .' I 

r ,,?' 8 1 The'trai&ng school equipment needed for. full and c.ompl$e trainingl$ 
‘ ' TR'ANTOR manufacturing and,assembly L,, 

, , 
-:& , : -. . 

. . . 9 'A draft legal contract/lettm of intent in-respect of the.,factory .' ",‘- -., 
./‘ / ‘proposal.' d .A I i.~ 

-- .,.. '~--".._ '\ .I0 A suggested stage by stage prioess le~ading ,from,TRANTQR. assembly:and '. -): 
.' ?3&as,si:s manufacture to pomple.te.manufacturq over a.range' of different \ 

me I. .perJ.ods from one to five years (Appendix'+. -. 9 ,' ..?; . : ,. ,. 
. 'DC: .x . ., 

,r * In -addition there is a scale model‘of tie plant, designed for $igeriaC-which .: f, 
-i' . . ,_ 

., . ,. ._ *. I - I . . / .~ .",, -" .. . . e . 

.'~ .' 
L ~ !T. ,,.I' ,k, B ' : . .: 8, - , * ; _(A .: 

-,,*, l :- . . . 

:., ;. 
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n;. . &G.;&.‘seen at .our‘ St&p&t (UU) offices. Al-1 drawings, jig and tnol“desi&is'...' i'.: 
,I 

a'nd.special-fixture drawin-gs .can 'be seen at Stqckport. Produdtion;vehicles * * 2" 
began to be'prcduced in January 1977 and can be seen in the course cf ; ,( I F D. construction. Twelve prototypes can be ~i@@?d in di,fferent appl,icatlons; Of” 
particularinterest are, the TRANTOR as&i&&y wc& &$oups+ the re$r tile sub- : '\ 

>‘ assembly group;:and thetransmission work &$upi;,a~.%'w@$l as chash$ manufacture 
and panel.assembly. 

i i:, h, ~. 't :; . g ;;+ -' .: i-2' 
c . J;,+. '-: 1 I 

'.- .k.* i.i b -v ,'>.., r I. ';.: 
The%es$q -and M$nufactu&g S&ategy ,,; _ ., 

*:. * 5.. I. 
Part 2. 1 $.A?--; -+ &:+ I' 

*:;. .i: 4 -, -"'., 
I> 

The..TRANTOR proje'ct bd;ndu&$d'firstly.t~Manchester University,,ar$ &en~:$" ;"" 
- '8 

,,,i 3 
Bradford University Management Centre &ncerhs a.new'type of agricultliiia&. J., 
tra&port~‘,and work vehicle, < which.18 dd@gned.in a new way to embrace the- 

.,-- 'new kind ofi..small group production exstem of manufacture and assembly. CAn . 
i 

h:r unusually practice-centred.University research team led by the author origin&e&.:l,, 
the project srith-.y$'.S.H;. Taylor, TRANTCR's desugner, at_.UMIST, Manchester* , ' * 
The work concerne@.with the design ,of the-org@.eation;:of work was conduped ; 
byirEdwards and;Taylor with the,assi.stance 0.f the forme'rrs research team,. which -,LL- 
received its support from the Science Research Council. , : . _, ._ ,w -- \ ;' a ';:d', i .z . (1 :. 

-. , -' 
"There'are'%wo problems which preverit $$veloping c&@ries from puccessfully 

pL.-- producing their own vehicles and,,in g$neral; they have,,,up to date, only ^ . 
:' assemble'd;~su~h products. !Fhe~e;prc+duct$~which have been assembl 
.\ been. fundamentally designed fo$th%$requirements of:=the western 
. requirement of the d;e~-~opin~g'~~~~~t~~~s j.k;ome ma-rket yinvariably 
fcr a more functional, harder. we&ing;'more dusable.\product't;ha 

-* for-the west..%?op‘spe'ed .a@ accel@%tion may be important to,th 
the Uni?ed Sta& but itJ?ig.the ease with which a leaf spring can be replaced 

..-.. 
. 

or-the strength of the fro&,bumper:which are often more important to a I, 
develcping' country. 'A product rwhich'ie designed/for the environment of the 
western world is also d&&igned so that it. easily be produced within i , 

I ‘, . 
T Qj relatively- advanced wester'n:production Vehicle products are usualld i 

,i ., made on'a mass produ&on basis in large batcheq,.(manufact;ire) and on flow i 
lines in assembly. They are invariably bui& in'large plants employing 
several thou$andpeople and they -are-situated in heavily'populated areas: 

A' 

/ 
Thgse factories require enormous amounts of capital investment before the s -/ 

' first production machine flows from the line and they usually demand large' I 
* home markets-and well-established servicing networks-to be economically .,c 

- successful. Developing of capital,' for which 
there are many compet.ing countries ,usually have smaller 

-< centres of population and and semi-skilled labour in one 
centre to support a large plant. 

. 
Any regional development planning, which"is such a vital feature of planned 
industrialisation, 'requires-that small pocketa*of,,industrial factory practi,ce 
be made available in region after region. The TRANTCR project-is a serious I 

attempt to design a new product and a new kind of facto unit which considers " 
regional planning, minimum capital, durable products. et s its ,fundamental 
.constraints. We have tried to begin here at a'new kind' bbgiwng for lJhe 
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* tkctors &rc! used in rural areas, for forestry and in other general wqrk tasks. . .T c The" TRANTCJR has been 'designed to carry out virtually sJl'the',tasks and, ~.. 

operate with the same attachments.‘as the conventional agricultural tractor. ,' c 
. It can,. however: be driven\light at speeds up to SO k.p.h. and it can 

..,G c " also'ha@ trailer loads of up/to 8 tonnes at speeds,of 5s k.p,h. As stated 
;y:' . + earlier, it spans three markets, eaih o'f which is conventionally supnlied 7 

S by a different -product-and it, therefore, competes"again'st the agri,oultural -' 1 
.tr&zto?, general purpose vehiales (such as the Land Rover)-and small -# 

I , _ 
.. . commer'cial~lo~ries.~The home market in'some developing .countries may be small 

for'any one of these three products but forthe TRANTOR that market size would "? . . 
. :, . . - '_ .be co&.he<ably increased. The mu$ti:purpose nature of the ve'hicle can ' 

.' 
sigiiificantly,repuce the capi"tal dost to o&ners‘-(individual or collective) 
whoC%ould needonly a,TRANTOR instead of-a Car, a‘lsrry, a Land Rover and's 

q 7' 
: 

~actor.,~TRANTORS are com$etitively priced and cost a$ittle more than the 6 e r . 
cotiventional' tractor of a similar. horsepower. ' ..:- 

>- _ .fi 

,, &' 

a .’ 

.'." , 

:t ' 

. 

. 

. . - ., 
: .i 

_ .. 

'L 

. 

using only 'standardt, '-off.the shelf!, p' 
.p -: -. "plant and not relying"& any extienaive spe~~ial-purpose.m&chi~e~.,. '+ b '?~I 

-i---_ ^ 
\ ~ %$, : . .i .a- I, 

i It. is the design of the tooling which is crucial to-the &.&es8 .of smallness .+% . 
. 

.n and our work -g&up approach follows the principles of Group TechnDlogy.-It is,, , 
.I+- 1 necessdto begin to manufacture.with,a low skill.re@rement'and in.0~ ,_. 

.TRANTOR factqry'each man needs only to,-be trained to operate one .machin"e, . _ . 
.,, 

'i, -. before'the,olant -commences operation. ,Our sp6cial'tooling,8 jigs. an &fix%ures ‘ D Y c _' i 

I 

. 
6 ,. I. 9, i- . . . 
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0. because he i's able, as'-nroduction gets under way, tot-move from. ma,chine to 

'machine and widen his abilities' and skill. ?? _ * .--. 
_ ' I‘# . 4 

.: .: -. .I. . . ', 
I ' The.inevitable question-must be asked 

,. 
"howWan'a.small plant-Broduce & i _( 

vehicular product .competitive. in price to.similar products mass-produced St .+. I 
over twenty times the rate. 3,1 It is clear that to machine components in -batches. 
of 4bO per week is usually accepted as being..cheaper per tiomponent thqt; 'I., O'L 

-9 1. '. .i . machining in batches of 20 per week. TRANlFOR manufacture is organised on a * t._,, 
-e group technology basis whi&. considers ,a11 the machi4ed components in theA 

plant $nd groups them.into familieswhich ha&similar machining requirements. ' 
It is then possible,:‘bec6use one is dealing with groups. of .similar components, 
to set up grou$s o&machi%e,toola w%h associated jigs, tools and fixtures' 

--. -1 - so'that the..time.takefi~to change from;&?. family member to another is virtually 
L . the same,as if they were ,the same components. As T&h.farpily can contain ' 

I > anythingqup" $o:fifty s,imilar ,components, it is soon possible -to substantially 
(7 increase the'e?fect"ive, batch siie and:reduce the cost per component. Because 

~ '/the .TRANTCR‘has been specifically designed for this type of manufacture it has , 
i c been,,pdssible, at the component design stage* to consider the 

. . t'- and to standar,dise on features common in the ,family, 
__-* _/ 'Tolerances and material. 3, ,. . . y^ -. *. . ; _, '. _ r. 

TAe GRANTOR project may Ch,us be said'to offer an unco;ventiohal altegnative -, 
technolog$=whose many aspects wbuid prove useful in poping with'the needs of 
co&t%ies in th - . e third world. It does so by~combining'the most-advanced 

,I p&&ices in'produotioa rith a belief in.ls&aling down' for ease of access 1 
'_ and control, and prov1ding.a product that can meet .the special need : -* 

charadteristics oFthose,who work and iYve.,inrural towns and villages.' _ 0 e " _. .. _' . ' , ..' ,= - 
Appendix , 

.,, 'Z 
,I ',_ I .( . m ' . 

A fJeature.of the TR&TCR project is to,offer MANUFACTURE, where most of the 
skills lie, and assembly and the'whple project is geared to the idea of 

. *' assisting a‘dev~loping.bPo~.~~.in widening and extending its"skil1. base by' - 
. offering Simple fit&g skills-and simple~machining skills like drilling, but- 

. -also offering skiiled bo$lng and zprecibion turning. In order to satisfy this . 
dual.requ'ireme&t, ,factor$es for TRANTORS come in a series of 'staged packages' 

./ with a tailor--made tra~ni'ngschool~to'meet the needs ,of each stage..The.who,le 
? factory consists. of, I7 self-contained work groups each of which employs about 

. 
8 $eople.“Each'work grotip has 'its own particular skills,, jigs, inspection 
facilities , draw. materials and machines. Each work group requires different,. 

training school e,quipment and &ede a differ?,@ time duration for training, __ . 
‘ A,devqlo&ng country m&y,decide-to-build'th,e'tihole faqtory (four stages) at .J. 

once, or to stagger them over.,a few years; order to build the complete : 
factory of 17.work groups, ,the larid.required' 9,000 sq.m,,,with the buildings 

.- - . covering 4,500 sq.m. The training school,, is specified to meet the 
,fi requiremen$s 0f.a particular factory, iv f 

u es-the capital equipment for all 

- _~ four stages,4 and it' too $an qom@ in a series of stages. ' 1. , ,'1 , 1 . i . : \ .., s . I. z. . , Cl _ '. , 
1 0 i: c i' : 

0‘ -~ 'i 
r' IO ,, .- c *' ., r. 4' +c 1 . -. . . . j' c-- - I P . / ./. - ._ 

)I i '% . . _, : . .: . * , ‘a Q / 2' '\ ..I _,"C . ,j' 
'x,,. . - : _---~~-. -.-.-.'!__ ',' t 56,. - 
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A brief .description of the four stages of the,"factory is as follows: 
P z I A; ( 

'h / Work Groups Approx. Number 
i 
i of Workers , 

STAGE I Assembly of TRANTCRS, 
I chassis gssembly,-and 

r7.16.& 
13.~2.11.10~' 

. servicing of TRANTORS' 9. 
\ i. 1" 

D , .., 
6.7.8. :" 2 i;.,;,,: . 

panel manufacdure 
L .- ,. I, 

c-r ,-gg * ,,; .C," I 
.,_, 

-' STAGE III Simple turning and 
drilling, profile / ' 
cutting of' plate, 3.2;1.. 
sawing, drilling ' 
stamping & bending 

II 
*' <STAGE ‘IV . Gear cutting & 

. ' hardening, precision il.5.. 
,,1 machining. 

:, 
I 

25 

20 

15 
, 

. . i 

I 
. 

, . 

The TRANTOR 



2.4 Paper 9: 
1. 

Piaggio Vehicles for-Rural Transport * I :' 
byK.Salt , J Q : - 

.-Fz 1 rJ. "Q 
Managing Director, AndrewsOL&m Edgers Ltd.~~(~x..Ase~~;'~~gio :- . . 
Commercial Vehicles,) 

_ .-. -&3. I y-‘ L __CF " :. 
,- . 

’ The Piaggio company was founded in Italy in 1884, spe.cialising in the 
outfitting of‘ships, Over the years the company expanded fn size and 

.,., 

diversified into .the manufacture'df railway rolling stock and aeroplanee. 
Following the disruption of the second world war the cbmpany.dev$lop~ed 
the very successful range of Vespa motor scooters9 Soon after th,+?3oooteF ~ 

f =;'. '.. 1. went into production the company introduced a three-wheeled van, the Vespa 
/ I This vehicle quickly became an important . : '.Xommerci'al, derived from it. 

means of.light transport in southern Italy; and from this beginning a 
. . -ra‘n& of three-wheeled commercial vehicles'have been-evolved which, in 3 

n' ,.. addition to their popularity in southernEurope, are now built under I‘ 
licence and used in a number‘of developing-countriea,~parti.cularly in 

- :,- ,' Asia. Over.600,000. Vespa three-wheelers are now in daily&se in more than .: 
++ twenty countries. - e _' 1 

. 
i.. 3 ..< I The,'smalleet of the current range is the .Ciao Porter, which is based on the,, 
- 

rear end of ,a ~OCC. Ciao moped, including the engine and transmission, but I 
with two Ackermann steered front .&eels with a"cargo box mounted between l )-.* 

.iu : : '. them. This machine .nas a payload of-IOOkg. At the other end, of the scaIe i 
is the Ape.'c&' which &as a 217~~. engine mounted betw\een the rear wheels,. 

' a comfortable cab with seating for two, and a payi6ad of 600kg. ,= _ 'I , s 

( Andrews Lawn Edgers Ltd. are now sole U.K. agents for Vespa CommeGial I; 
.Vehicles and are currently&importing two models. The VC200 (Fig I) has a E ~ 

? 
a single cylinder ~OCC. two-&roke.petrol engine mounted,between the rear 

wheels,'and r&s on a low-octane petrol and 2$ oil mixture. If< has an ' t 
_ . e enclosed cab with central,handlebar *steering; and is &.vailable:with .either L ,-, ./ 

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 climb a I .in 4 \ 
gradient.. The three-wheeled layout endows the vehicle with a highdegree 

1 

of mgnoevrability-(it can out-turn even a London taxi), snd the.machine ,' ;- 

offersa low cost form of off-the-road transport with a fuel consumption . 
of apnrox‘imately 3Sk.p.l. Its payload is 200kg. ,Likely applica$iops of the " 
vehicle are on -parks, estates andcairfields, and in warehouses and factorJ,es'd 

/ 1 ,. (' 

The VC 600. (Fig 2) shares the &me basic layout as the VC 200 but is a. /- 

0 larger.vehicle with a I87cc. single cylinder two-stroke engine. Like, the. ~ (, -7 
! .VC 200 it is rugged,.highly manoe,vrable, p erforms well in difficult of&road 

conditions and has minimum maintenance requirement. It hasfan enclosed cab 
, " . and a choice.'of steering by handlebar from a central position, or by,wheel 

-/ .from an offset position, allowing a passenger to be carried. It is ." 1 available with either pick-up or van bodywork and’haa a payloadi&q$ 609kg. 
Work is well advanced with getting this machin; certified,for road use*,* a. 8. 

,I, 
: , .~'*~~' * -- , 

i 1 /' 
E 

3 
/ 

* iomologation certification has now been completed and the ~~600 will 

. A 
be available for licenced use from June pnwards. r 

1 .' 
4 )' 

A .. 
E : . 

'S. 
, 
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and 'in this mode it,has many applications for-use by tradesmen and local t' 

delivery services. In addition to its manoevrability it offers low. * ,. 
purchase cost and minimal running coats since its fuel consumption is 
up to 20k.p.l. and senr?icing is both simple and cheap. 

0 . 
With the cost, of operating vehicles escalating rapidly in the U.K. the 
Andrewa-Piaggio r&nge of three-wheelers offer economical transpbrt with 
many,applications. This feature, together with the simplicity of maintenance 
and'the'ability fo oper‘ate ip off-road conditions suggest that-these vehicles 
have many potentiai'uses in.both urban and rural,areas ofOdeveLoping 
countries. ~* 

I.9 

Fig. 2 iI 
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by M. Cooley 
1. 

I ,: 

1. 

,:.Yenior Design Engineer,: Lu,cas..Aerospa+ceOLtd., .A\ /' + 
D 
and.R. Fletcher "$1, ' ; 
r; 4 ; ,:. 

i. Principal Lecturer in-Design, Nprth-East London Polytechnic 

. 

'(This is a summary, prepared-by the editors, of the ,uresentation by the " ' 
two.spi+.kers) . -.; . - . m 

,There'is in British, iidustry agontinuing process of'mechanisation which 

.' I '. often leads to the displacement of skilled personnel. Spch.people h&ve * a 
rup to now‘been alldwed'no involvement'in de,cisions as-to what products 
their company'should make, or how .they should be manufactured. Within 

. . . the Lucas group-of companies a'c&mittee .was established with the aim of 
. . achieying the rig;ht*of employees to work on social1 useful products. An 

assessment was made of the skills available'withi J he 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 
'plan for the company which proposed a.number of possible new products. II_, 
Prom this'list of products six were selected, for detailed analysis and _- _ 
design work. . 

One of' these products is a hybrid vehicle with potential applfcations in 
.-many developing countries, de.sigried to run onboth normal metalled roadways 

. 

oombustion engine performance .$nd electric motors and generatom,. and in _ -~- . 
, ,' conjunction with North-East London Polytechnic, a IO-wheeled vehicle has 

/' been desi&d with.'the following major featurea. Power is provided by an 
, Internal. combustion engine with ,re-cycled exhaust;running at constant 

speed for maximum outpnt'efficiency:' This drives a ge$erator which feeds 
a I Dower-pack. There is Ackermann steering on the front four wheels for 

road usei 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 ps successfully tested-4.n early 1976 j 

9 on standard gauge. track in'sussex. 
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f’ ,&d-on deei r&.ls.'This requires a system of,'flange-.less guiaance to 
I .avoid the"weight.and cost Renalties, of having‘two separate wheel'systems 
_- ,-this has'been the limitation, of all previous road/rail vehicleA.- Using 
, .,'th,e expertise,available at Lucas in the fields.of electronics, internal 

The object of.the vehicle is to provide a'flexible means of transport 
producing a minimum of pollution withoutrecourse 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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Paper 11: Improving the Efficfency of Ru+~l Transport in Deve,lopigg .~~ 
Countries Countries 

/I 
I ) -.v. 

i by R.P. Sikka a ! 5 / I 

$Jini'stry of Shipping hd"Transport (Roads Wing), India 41 

* : 4 ;: ,. .'I 

/--, . . I 
(This paper was submitted but not presented'by the author atthe semi&r) ',. ,a 

o_.-- \. / 
forty per sent&of the-population of Asia are-living'in conditions 

* 

of-absolute poverty, the majority in rural areas. In order to,'improve 
i 

this situation there ‘is a strong emphasis on integrated,,,rura$ development 
+ in which transport plays an important rgle., / 

i 
7 

. There age a 'number of ways in which ,rural transport can'be made more j_ 

efficient,'these include; improvement of thelroad infr&tr&ture, / 

introduction o'f new vehicles,'and design changes to existing vehicles to i" 
.+ 

suit local conditions. Vehicle design for Asia is the subject of current 
Investigations, the following being a summary of some of the work being 

, undertaken based On pr$iminary findings. /' i 
'i /' i" 

The choice of suitable vehicle designs has to #take account of the J 1 ~ 
prevailing conditions, of which the most important are: 

I 
. 

i) Approximately 8796 of rural land ho,l/dings are less than‘five hectares 
in size. 

. 

,d 

4. 
ii) Because zf the size of.the holdings most farmers are engaged in' 

subsistence agriculture and h,ave very little marketable surplus. 
As a result there is no mea& of investing in mechanical equipment 
for either agricultural or transport purposes. 

'_ 

iii) Farm-to-market roads are generally in poor condition 70-8046 be&g 
' 'of low~@Zde surface. rbndering~%otor vehicle movemen: .difficult, ,and 
making the,marketing of small quantit.ies of produce uneconomic. 

. . (This can.be partially offset by co-operatives but thgae,are atiil 
c 

rare). In addition the road network density is only about a quarter 
of that of most developed countries. 

-! 
iv)-Draft_animal~ are extensiv ly employed on farms, availability being i 

/e * of the order of,one to every 0.5-0.7 hectares. 

Multi-purpose mechanised vehicles represent one possible design solution 
* 

to the transport problem, there being numerous examples already available. 
'However their impact in-developing countries has been small due,to high cost 
(USS2000+), heavy maintenance requirements 

0 

limited applications beyond transport, 
, lack of workshop facilities or 

negotiate unimproved road surfaces. 
and their general inability to- 

' prefer tubewells to power4tillers. 
These drawbacks have led farmers to 

a. a 

One well-tried aolution to the problem of multi-purpose vehicles is the 
tractor-trailer combination.'These exist ,in the Philippines, India, Pakistan 

: 
r. 

+ Note: This paper expresses the author's personal views. . 
/ 

.~. , . 
II 
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and Laos where ~a~iculture has been-partially mechanised. The combinations 
can be used for transport of both 'goods and passengers in addition to 
their on-farm functions. As tractors are usually'only required for 3-4 
months,of the year for ploughing they can be released for transport functions 
.for much of the remainder. This harj the dual advantages of higher vehicle l 
utilisation and, a higher rate of return on the initial investment as rental 
can be charged for traneport operations. , I 6 
There is still considerable scope ifor the exploitation~of three wheeled 
vehicles (both mechanically powe,red.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 rdcognised 
that many of these local design variations are far from optimum solutiona 
being often dictated by the availability of second-hand componenta and 
local,skills and equipment. Better designs more auited to-rugged conditions 
could be advantageously developed and could have considerable potential. 
The popularity of such machines is due to their simple technol.ogy*and 
their relatively low initial cost. The travel range (lo-7Okm. 'for ped,al 
power, 40-5Okm. for motor power) allows for most of the trips that are 
likely to be undertaken from smallholdings to market points., 

! 

Animal drawn carta'are still likely to remain as the major mea&s,of rural 
transport in many regions of Asia despite a generally;improving economic 
situation. This is largely due to availability of both the draft ,animals J 
and the carts, both of which refiresent a fixed c,ost to the farmer. Their 
use for transport therefore incurs no additional cost. In addition the 
generally poor road conditions, especially in rainy weather, make 1% 
impossible for any other veh‘icle to negotiate, the access roads or tracks 
within the farms. Aa with three wheeled vehicles, design improvements could i 
mak,e 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 
unsFccessfu1 attempts by local authorities to improve the efficiency of _ 
such vehicles. ' s 

7 'I 
WheSe farmers have started growing cash crops, such as tobacco or cane sugar, 
,and.the road network has been'improved, efficiency has become more important 
Filth 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 prinqiples 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 platfor&,,type and number of axles, and number 
and"‘size .of wheels. , 3 

There is still much development work that ,&n be undertaken to improve the 
trans 

% 
rt capability of many of Asia's rural poor. Much of th 

that evelopmeit already exists, the hardware is still lackin 
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2;7 Concluding, Discussion ,, 
\ 

This period was necessarily short but provided an opportunity both for 
general*discussion and for a review of the major points which had emerged \ 
from' the papers presented. The chairman noted that although a wide range 
of clever and ,intriguing designs had been'demonst,rated there was.not alkays 
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 demonstrating the difficulty of producing ,simple yet effective 
hardware. bi 

II 
0 

1' Dr. Wijewardene"s S.F.V., the TRANTOR and the SNAIL all demonstrated.the 
effort currenZly being directed towards multi-purpose vehicles and emphasised 
the close link between agriculture and transport. The development 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 agricultural activities and improved mobility. 

I 
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 remain an.obstacle to their widespread 
use in many rural commun~t_i;_es~-i-ii-~~~-foreseeable future. This problem 
can be partially offset-by communal ownership of vehicles or by providing 
access to a vehicle $001. However such systems are difficult to organise 2 

.so that they meet the requirements of smallholders, and their establishment 
may require government assistance. ! * ( 

Clearly no single simple vehi&e will meet all the rural tr&sport needs 
of all developing countries , given the widely varying conditions which .exist. 
The long-term'objective should be to provide a choice of vehicle option's 
covering the spectrum of tran,sport needs. However a number of criteria. I 
were defined which it was felt that vehicles designed for use in the rurs$ , 
areas of developing countries should meet. These were; minimised initial c 
cost; suitability for local manufacture utilising locally available, 
materials ax-&skills; longevity and ease of maintenance; efficient use of 

.’ . 

\I 

scarce, expensive and usually imported fuels; suitability for use on * 
existing tracks or low-cost roads, and applicability to individual farm 
operations. It was also argued that vehiqle design work should only be 
undertaken following a thorough assessment and identification pf real 
transport needs in a particular country or countries, and that this must 
be based on local experience. It was gienerally agreed that prototype 
veh'icles must be extensively field tested prior to the design being 

,.,finalised and the machine being made available. i -. '\\\ 

Dr-. Howe, the Chairman of the afternocn session summed up by stating 
that h&considered that the main obfectives+of ihe seminar had been: 
achieved in enabling those present to become better acquainted with one 
another and with the work which each was undertaking. He expressed the 
hope that there would be continuing cross-fertilisation of ideas'and that 
individual efforts would be aligned to larger programme; in order to 
achieve the maximum effect, 
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a The seminar, which was organised by the Transport Panel of the'lntermediate 

. . . Technology Development Group, was attended ,by m&e than fifty people., The 
'papersipresented icovered many aspects of the subject "simple vehicles for , 
developin 

=--%I 
countries" including; vehicles presently in use and prototypes 

cti#-&i;*fy '5 = 'aa ,* 4 1 
e%g&&eloped; the role of transport in agriculturei the use 

of,simple veh?lc'les in labour-intensive construction;,manufacturing ..- 

t strategies for local production; and, the transport needs and economic 

b : constraints in the rurat‘areas of developing countries. 

T$e ifflformal contributions'made during.open discussion emphasised that ' 
e,Yfo$ts should be concentrated on identifying and developing vehicles 2 
whi;h meet the real transport needs of: Pural 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 +&ended-- 
for use in.developing countries, and-a number of aspe$s.. gf veh~i-cl=-de-sign 

1 were identified where further work would )B-of+pzar3~cular value, -- 
L/---T- -_c ----Z-T .'q--,'..( ',_ . 
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