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"« . * SINPLE VEHICIES FOR DEVELOFING-COUNTRIES' = - =gy ..
. I I Opening Address ‘ L > . S I
by Lord Oram . w

Intermediate Technology Development Group-Ltd. (ITDG)

As Chairman of this mornlng s eeesion I am’ happy, on behalf of ITDG .
" to ‘welcome you to the seminar, ITDG was formed in 1965 by a group: of
engineers,.acientiate, ‘economists and others from industry and the :
-professions, to provide practical and effective self-help technlquee
for developing countries. Itsyaim is to demonatrate’ and emphagise

thet aid must e designed to ﬁelp e poor to help: themeelveag. Va.rioua
major UN conferences in recent months have provided the beckdrop to

EN

L

.8 wide ‘spectrunm whioh parellels the individual eompoeition of ITDG Paneie.'!

_theﬁuo;k«e£ﬁI¥BGahyuet£eeeingﬁthe key elementa of development strategy..

Tto _which the intermediate technology concept is directed, namely the

’ generetion of - employment; the conservation of scarce capital, the use
of local resources, -the re-distribution 'of benefits, the need to reach
--the. poorest of the poor,_ and the uae of appropriate productive L
techniquee.~-- .l _ 'y '

¢ .

The ITDG Penels, whlch now approach twenty-five in number, embrace
all the various sectors which were diacussed at these international:
conferenceas. The Transport Panel, and its. sub-panel on simple vehiclee,

o _ hee .proved to be one of the most etfective of our groups, and we are

very conscious of its links with othér aspects of our work, ineluding
agriculture, water, pouer and rural health. F N
‘I am particuiarly pleased* fo'note thit this meminar has drawn -
participants from many -fields of activity = manufacture;e, aoademioe,:

representativee of government, and guests from developing countries = -

. 4 ) ) .-’.. .

L

I 2 Introductionz the Tranaport Problem in Developing—Countries o /o
by J. D. G.F. Howe L;Neaff”f' . PIRNRETR .'“ //"
Aeeociate of Alaata‘n Diok & &seocietee, ahd Chairman, ITDQ _/f

j;Traneport Panel . L e _ T

R P

The Trnneport Panel of ITDG ig cgncerned with the ep 14 ationeof L
‘intermediate te hnology to the transport problems of deve10ping cqnntriee,
particulerly 17 the poorest sectors. The purpoae of,.the seminar ie to

. examine what oontribution, 1f any, the institutions of the developed
countries,can make towarda. the design and manufacture’ of ‘WOTE approprlate
vehiolea for rural - deyeloping soeietiea. For -this reaeon we. have eOught

fq'to bring together ;oﬁﬁy the;entire epectrum of o;ganieetions and R o
individvals involyed in the providion of transport; deeignere, manufacturera,

government ageneiee, the univereitiea ‘and aid: pgenoies,’ Although initially
the intention was to ‘confine the seminar to the U.K. we are_forntunate to
heve with us repreeentatiyee from the WOrld Benk anﬂ the Inté‘hattonal

e -




. : " F - . ! e - R .‘ N
Ihetitute of Tropical Agriculture Nigeria. It ia especially fitting S
.that Lord Oram, one of - the founder members of ITDG should introduce o e
the aeminar. o e . SR / | =
) "Until recently-the ‘solution~-to\the rural fransport problems of- 75“1 fjﬁ
- ;:_deveIOPing countries has been seén.. hy -planners: as. essentially: one-of o]
changing the .infrastructure with a major emphisis on-improving and - -' "_Mj°

§ -—— - -axparding the road system. Progress-is 6ften measured in- the-length of
. new and improved roads, However since 1969 the International Labour
Organisation-and the Internabional Bank for Reconstruction and
'Development (wOrld ‘Bank ) have been engaged in a ‘major reappraisal of
~ » the methods of building and’ improving roads, and other eivil engineering
: hork&r4wLlahour_andrcepital_intenai¥e—mﬂthods*-mhlsriarnot -of “‘major .
- -+ concern to this seminar save that an important part of the reappraieal ' * -
s . is the examination of the: role of aimple vehicles in labour=intensive
i > oonatruction. For this reason we have asked Mr. Mark. Sharreck of
Messrs. Scott, Wilaon, Kirkpatrick and Partners uO describe the work . ;
they have been engaged on in India and elaewhers. . _ ot
Curiously the efforte to 1mprove the road transport syatem have - B
-ooncentrated on the route itself: the vehicles have been left to take . ' '
‘care of themselves. Possibly one reason/for this is that “the people who
. Pplan and.design road transport eyetema hre invariably road and not .. .. .
-~ vehicle planners and engineers, It is arguable in fact that the - - .
-+ developed world-hds never, yet, serionsly designed vehicles for the -
apecial needs, if tHere:, are any, of the developlng world (vehiclea hﬁ;‘ o
.1ike. the Jeep and the Land Rover have derived from\militory needs)
 The well tried and tested strategy is that you produce a - ‘vehiele for
: ~ .‘the home: (developed country) market and with the minimum of 'tropical ' o
e trim' oéll it, alao, in the developing world. e e

. =

S 'However, recent years have seen a epontaneous interes.by a—nu.m'ber of— ------- e e
~ institutions in the, tranaport needs of the rural poor of the developing N
_.world. With some of "the” 1nstitutions improved . transport doea ‘not appear T
- o have been the main. objestive: 1t has arisen almost as a by-product L
Wtof efforta to mechanise agrioulture. Pride of - pliee must- probably g0
_ to:tRe International Rice Research Institute i “the Philippines,  ~ \
fAnother pioneeripg indtitution Hag beén. the. Iﬁternational Institute of
Tropical Agriculture, Ibadan, Nigeria and we ar® pleased to welcome .
- ""to the seminar Dr. Wijewardene of that institute. The Economie and *
» Science Commission for Asia and the Pacific are hlso known-to be oarrying\\
- out & study on the improvement of carrying capacity and 0perational N
efffciency of rural road transport with particular emphasie .on vehicular *\
“.modea. The ‘ASTRA (Application of Science and Technology.in Rural’ Areas)ﬂ'-ﬂ-
organigation in Bangalore are alaoﬁéurrently enga'_d on fundamental =

o
.Il:r‘.

~

mfnore régg;tly the’ WOrld Imnk has laqnched -y programme f#x
of" kppropriate Vehicles for Rural Areas” and we are’ plea*;
of the key instigators, Dr. Curt Carnemark and Dr. Krish




b6 heard later and which hvkuud in. the organisatipn of this *
S Tt S PSR . B L e TmETm ST .' L N R

of vehlclea le not &ppropriete to fundameﬁtal ‘needs. It |is. a techn;cal
"fact_that the - ‘design of roads in deyeloping countries is dictated by
~the ‘characteristics:of the private car and:the lorry..The'desired": epeed
%- that,lt is assumed car driVvers want dictates the overall ‘horizontal
_and, vertical aljgnment: of the road, whilst the frequency-and load _'-'7-_;
“earrying capac ty of . the lorries’ that will use it decidé’bhe strength
- of the'road's efructure. It:has pever: been ‘shown -that either or bdth of
..thesé vehicles is in. any sense: neckssatry," mugh | less optimum, fog 'f{_
develogment to take place, The: .possibility that other, simpler and
probaﬁly cheaper, vehicles might be moreleppropriate to needs dqea not
' ﬂf appear to have . been given’ gerious consideration hitherto..In one eenaex . o
~this-is surprising since, potentially at Ieaet, there 1§ the. obvioue_j;_““wu,ﬁ,fﬁﬁ
poseibility of an economic trade~off between the:standard and’ ‘cost™ef -
"”the road: provided and  the type of vehicles that. wlli ‘use. the route. The ' . -
o _ slmpler, and thus" moet probably lighter, the vehicle the dheaper the cosh. 2l
e of prov1ding an adeqnaxe road. :

_./ __\_._l.,

Apart from the inetltutional reasons. a1reedy given the moet obvious ‘
- other reaeon,for the” llttle fhtereat shown by the. developed countriee y W
~in ‘vehicle.design for ‘the develaping world appeare tolbe a mieunderetandihg:,;}j
7" abowt the ndture of movéhent. demands. For passenger. transport the ?ja'_u B
'y£' exieting buses and varioue forme: of 8hare taxis prqbab ly meet. demand& ' ‘
fgqu- very well, But for,gooda tranaport the avallable ‘evidence euggeste that S
' ¥ . the fundamental demand i§ for: the movement of small conaignmenta aver |-t

E relatively short dietances. Smallholder agricu ture, almost, hx_definiticn“‘_

- gives” Tise to limited crop surpluses and fﬁfpéuppbrt for - thig- -
contention is to,be~eeen‘iﬁ’fﬁerﬁepular1ty'of buses. and,taxiarfor“gaﬁﬁe

.;4 novement .. Furthermore in somecou riee hand, animal and -even bicyecle

powered vehigles play e slgnificant role in. meeting normal traneport e
needs.- Ian ‘Barwell will show the extent to which these means. have been o
develpped in lgia, & phenomenon which surprisingly is rarely the- case
S ;n.Afrioa. However, as 'is apparent -from Barwell'e studies and those of
- ,;R,Stuart Wilesén of\the University of Oxford, desplte the ubiquity of the

~A_“bicyc1e-in the dev loplng world and’ ‘the ulde variety of attempte o

" adapt. it for load earriage - ita develoPment in this reepect remains . ' - - K
"~ . . . mechanically: crude. Stuart Wilson will:-describe an attempt to overcome RS
;'_,ﬂ'fthe fundamental probleme/aesociated with the movemept of goqde bv bicycle‘ RS

T

: __.Aaia alse providea numerous examples of a almple vehicle technologx which -
s eensibly absent from‘%he rest of~the developing. worlds the use of ~ =
ﬂ'.simple motorised. vehloles based upon - motnr-cycle technology.-Although thielz~
ffi_development ie flouriehlng it has been cbnflned, almost exclusively,’ td”’:"“
" irban areas’ There. have been-recent attempta to change this situation. by
“the Honda (Japan), Carabela (Mexico) ‘and-Piaggio (Italy) compahies and = =~
o we are pleaaed to welcome the U K. repreeentatifea ‘of the lat_gr_firm to-—'fi

ot e
[




-~ BEdwards of Trantor Inte¥nitiopal.. s Tiirther example of dual-mode l\m ’;lﬂs_
deveIOpment 18 THe Pedeﬁ Pover Unit that” ufil be"descrlbedzby Mr. Dayid
Weightman of Lanchester=Polytechpic. L _ L ' ! \\\_ .
Becauses we wish- ‘also td disouss manuxaoturlng and -marketing problem . \\ﬁza
_we*aré pleased to recelv .the contribution of.Mr, -Edwards on the ? ' o

- -agricultural mechanisataon. The emphasis in these developments is- onI

* of the North-Bast London Polytechnic to discuss some aspects ‘of the" ~ "“'"fel
Pcontribution that can be ‘made to the transport problems of developi

;?ii_ In nsny countries of the developing world there is a limited choice of
L methods available” for the: ‘transport of goods, Often the only: alternatives -

7 “the cargo to be transported’ in expensive, imported truoks, cars or buses..

' transport technolOgy. However, in many Asian countries_a_nnmber_of forms

,athe two" extremes’of headloading and car: ar truok. These simple vehicles,may ;Q?

| The singie-wheeled barrow is widely used in China, partloularly in the rura_
" areas. where 1t is sutted to use on rough, narrow tracka. The. wheelbsrrow
kS also plays a oruoial role in ‘the. labour-intensive construction methods for

-of wooden constructidh -and utilising & standard spoked_wheel similar to.
those used on pedal trioyoles.'Traditionel dﬁinese wheelbarrows used a much

.a

S TR

- . . A

" As mentioned previouslv a number of instltut1ons have been worklng onL _ﬂfl~m~1
the betterment of ruralgtraneport indirectly through efforts to 1mprq e’

‘machines which have a dual,aarieulture and transport capao1l1ty, tnougn iy o
1is probably fair to saysth it the agricultural requirementd domin te.rIn . -3
this context we are pleased to welcomé Mr. Kilgour.of . the’ Nationa COLlEge

of Agricultural Engineerlng who will dencribe: the SNAIL project, snd Mrg

philosophy underlying the Trantor development and to welcome Mr.\HutohJon }\
“of, Ralelgh“by‘les , the }argest manufecturen and . exporter. of bicyoles in the RN
world. Lastly we have. asked Mr. Cooley ox*ﬁueas=ﬁerospace and My, Fiotoher e

g
countrins by U.K. industry. ' _ _ o _ \\ﬁ _ _

-"'.;- ™ - . o *,
N w . i - J' . f . \_

I 3 Paper I. Intermediate Transport in India, CHina snd the Philippsnes
.. by I, J.'Bsrwella _ ) -
ITDG Transportlfroaect Offioer S " R ERR

; |f' 1 : 'tr '::

. E'

are for. people to ¢arry ‘the load on their heads or ‘their. ‘backs,. or for = .Q}f
- Thiese two methods ‘represent,iin developing country terms, éxtremes-of..

of. intermediate%transport aﬁe svailable. In thease countries simple vehioles ;"j
are used which, from a techriological point of view, span the range between "”[“

conveniently be divided ‘into four oategorfe _ : L L
. : ' ig hand-drawn vehicles°-f . _:~ S o
T animgl-drawn’ vehioles°'* - o
'_ 111) pedalsdriven vehicles; ;
. iv) simple motorised vehicles. .

". - N

LRI ]
»

The purpose- of'thie Papér. i6 to describe'some exsmplgs of simple vehicles :sfﬁ
used in India, the Peoples Hepublio of China end the Philippines. ' ;;} el

iwell Rnawn, Figure I*showe a typical. oontemporary wheelbarrow.




A°in wheel. size. The Chinpse wheelberrow has" significant advantages
‘with the’ conflguration normally found in the’ western world. The f
_ _ placed directly over the wheel, which thus supports most of . the .
- load and eases the task of the operatof. His. work is further facilitated by
REE vhe of a strap passing aofoss his shoulders and - t - to each of .the o
- L barnow handles, which a331ete ‘both in balaneing Qnd 8 orting the lded
R ;Mfw' -V
;ffijf C two-wheeled han&cart ie e common sight in: thef;rban centies of both .
- f;; ndia and China where it is a Ybasic peans of tranapgrting heavy loads over

’1arge diameter, spoked wooden vwheels; and a pletfprm cqnsyructed from -
-lengths of bamboo, while Pigure 3 shqva an Indianihandcart which utilises
/. moter vehicle wheels. Once again, the availability of a pneumatic tyre
" has led to a reduction in wheel size. As shown in the photograph the cart
is empty amd’ is being- pushed W one m&h When loaﬂed it is~ pulled by two o
-persons, one on each’aide of the central ehaft. ,; \ . .

v _ 4 o TR .

;;7_,_ 1_; —Handcarts are ‘used’ to carry prodigiéus 1oads, panticulariy in China where,

AR “if the tesk bedbmes too onerous for*one person; a second, third or even

h ;-_:-fourth pérsen may’ aeeistfby'haultng'oh leather straps attached to the cart.
4o~ I%.1is also common practice in China to hojst a, grude sail“tojthe’ cart and

S A v ‘harness some of the ‘energy™cf the wind when this is blowing in- tﬁe right
xR, direction.‘ : AT A ‘3

+gievﬂ, Animal—draun vehicles 1

In'many perte of the world animal carfe ‘and wagbna are a traditional meanp

\Eigure L. from Chine shows a:two-wheeled cart drawngby three horsges. In-

R some parts of the same country camele are used to haul four-wheeled wagons.

e . ‘ g ' ‘
Animal-draun'vehiclee have an 1mportant role to play in intermediate

', .trangport, and some work has recently ‘been carried out in Africa to,

L '(Refe. I & 2). However there are- problems . aaeo iated with the i troducti
L - of this.form of‘tranaport to. eocietiee which do- n_j,alreedy use W
"apprOpriate anitials, The management -of live‘%ock,‘particularly th Tegard
R - to-care_and training, is- afekill which is. ﬂot easily acquired. There -are a "
o *"number of examples: of unsuccessful attemﬁte to introduce draught animals
e - to. people who have not, previgusly utilieed thie form of - power. Failure of

-

.J'E

Pedal-driven vehiclea'
'y .

in Indja-.and China, and bicyclee are menufactured in large quantlties in

v ) . e+ e

"~ of tranSporting both goods and people, and can ‘carry considerable. loads,. v
albeit slowly. In the Phillppinea the” buffalo, or carabao'ag it is locally _
known, is used to haul either a two-wheeled cart or a sled mounted on skids..

India there are in excess of 12 million 'bullock cﬁ'rta (Figure ST while ;Ln

J'?-fi__-l~?dev op carta which require only basic skills\and tools ‘for their cons actipn_

hort distances. Figure 2 shows a traditicnal Indian“handecart -design, with \\ ;

- -_'._v'-'.

The' bicycle is the basic means of peeBOnal transport for.th comidon ma® | - !

o



| ‘bieyele although it‘may bé used tq hau up to three times the lcad. The

. - greatly improve fhe 19t bf the riders. It is aleo noteworfthy that there S

A E /
fjlboth countries.. They are used for u&b%p

Jor the carrlage of passeﬁgera, in/Chi tHe emﬁhaais i8 on the tranaporf.
- of cargo. . i -

~ much more common - Figurc 7 shows an’ ‘Ihdian example. The limitations of
~ these Indian t;icycles are best expla neﬂ by the /following quote:

“The major reason

'machinea uaed in China show conaiderable evidence of adaption and. rnprcvcment;f

.horizontal plane and press against the wheel rim whe thc brake pedal 7 T
- mounted on the frame is operated. Another tricycle found in southern China o
~ incorporates a:two-speed gearbox opdrated by a lever mounted on the top

‘the rear bodywork.x,‘_ chain drives, of different. ratios, connect this ahaft

" the rider with a’ choice of s two ' gear rctloa. Both rear wheels are Yraked,

 Perhaps the crudest method of providing a choice of gears is that used on #;'

__diameters, though both amaller than: the. ‘size used op bicycles, are mounted

. fo. work thie chain must run very sldck. This example also illuatrates dnother: -

nd yurgl traqpport, and for travel
into towns and cities .from nearby villa é.“ he three -wheeled tricycle
developed from the bicycle, ‘and sometime! k_own as a cycle xlckshaw, is a
commor sight in ‘both India and. Chin?? th h 1t

Figure 6\ghows 2 cargo—carrying ;ndian r#cycle ﬂlﬂg tuo front wheels and :
a aingle \driven rear wheel, While thig configuration is.used ih eeveral - .
places the ‘alternative layout of one front wheel two rear wheels is’

' "The health §f Indjan cycle rickshaw pullers is adversely affected due ' o
to overwork and heavy strain. Ricks] aﬂ pulling ig indeed inkuman, but ,
poverty and,unegployment ompel poor people to resort to thie mode” (Ref. 3)

hy rickahaw pulling such hhrd work can be cl@arly seen
in Figure 7. The tiicycle retains the dame gearing as a conventiohal

simple action of fittingfa bigeer/ aprobket torIndian tricycles would. =~ =~ -

is no braking system fdr the rear wheéls ﬁh@ch‘means that- a.tricycle
carrying possibly.three times the loaé of a'bicycle has oﬁly half its
braking capacity. This example illustrates. the surprising lack of -
innovation in the design of tricycles in India, while in contrast; the

4

¥
*a tvpical cargo-carrying tricycle from Kwengchow in southern China is :
‘shown in Figure 8. The major feature of interest is the usge of a chainwheel -
+much amaller than that of a bicycle to- give a significantly lower overall : ;j
gear ratio. Braking of the two- rear wheels is accomplished by means of - -
orake blocks mounted on levzry """ uhich*swiﬁg -out frem. .chagsis 'in a

frame tube. The primary chain drives an intermediate shaft mounted under
to. the rear axle and can be engagﬁﬂ in turn by dog‘clutchEs, thus providing

by medns of" standard bicycle béakea mounted on the chaseis and actuated by
a foot-pedal through a system of rods and bell—cranks.

i
i

the example from' Peking shown in Figure 9. Two. chainwheels of different

pide by side on the- pedal axlel. To chqngc @ear the rider simply haa to = ,;
transfer:the chain from one chhinwheel to. the other. Clearly for this method: .

1ntereatin$ design feature. M Mdst tricycles, whether Indian. or Chinese, drivé
through only one of the twc Trear wheela, and thus avoid the need to use ﬁf -
a differential in the rear ax e, However'’ the mschine in Figuro 9 has a solid




[axle and both reartwhe Ls\are drivsn. Ths absence of a d1fferent1al -
5 rf mitigated by the use‘of;a'ﬁarroy rear: track. With: . this cgnfiguration both’
. -rear wheels can be braked hy mssns-of the single drum‘trske fitted on the
- rear axle and actuated by the chsin strung from the head-tube. Thsre]ars . T
- a few Chinese tricyclss whieh havs an, enclosed réar axle 'with a{difforential '
.4, and'drive to both rear whesls, each of which has 1t3 own cam operatq drum
~Iv- brake. - . . N e : [ ]
S _ _ _ . . ‘ |
- An unusual pedsl-drlven vehlcls from‘Chsngchow‘is shown in FigurQ‘IQ. Thik
'is a front wheel psdal-drive unit which is attached to a standard tyo- T
wheeled handeart. The shafts of the handoart are fitted alongside t e head-~
tube, and the rear of the unit clamps onto .the toad platform of thelcart It - _
+ . requires only a.few minutes uork to attach the drive unit to the handcart R
' .or’ to detach it again. _— T ' - :

_~_Q:}_ Simple ﬁbtorised vshiolss ' o ' ' _ ", }

There are several motorised vehicles in Asia which Justiﬁy the description'
‘of ajmple, -These include three-wheelers of various sizes and capabilities,
_ basic four-wheeled vehicles, and small tractors whiqh_perform both .
- agrioultursl and transport roles. .

In Manila fﬁere are gachines which consist of a blcycle and sidbcar flttgg oo
- with a-50ce twWo-stroke pstrol engine driving the rear cycle whesl. The
pedsl drive is.retained and thus the vehicle i€ best described as being. :
-motor=assisted. The¢ sidecar is fitted with:a passengeér seat but is often -~
used o carry cargo. The three-wheeler shown in Figure 1T comes from
. . southern China and is used for passenger Trarmsport. The driver sits astride _
K § single eylinder petrol engine which drives the rear wheels through a . T a
" chain-drive transmission. Handlebar steering is employed and the other '
.. controlsg follow,motoricycle practice. Two vehiclea of very similar con eption
‘ are used in India, both based on Italian deaigne and manufactured locally
uhder licence, The vehicleé in the foreground. of Figure I2 is of Piaggio
origin, while the one in the bacquound ie Lambretta based. The two .examples N
shown are used to carry fare~paying passengers ‘but several forms ,of -eargo -
carrying bodywork are also available, Both vehicles rely heavily -on
motor-scooter technology and use singls-cylinder two-stroks pstrol sngines .
of about ISOcc capacity. . : : : -

Figurs 13 shows a 1srger and - mors powsrful ‘Indian vehicle based on a twin g
¢ylinder Harley Davidson motor éycle, It can carTy six paesengers in addition .
to the rider, and is #till in ume in-India though it is no longer manufactured,
Ths three wheelsr shown in Figurs Il comes from China and is considersbly

.  technology. this vshicls van be thought of as a simplifisd truck. The front

. ‘mounted engine drives the rear wheels through a propeller shaft and the.. ~

jggffgﬁnzndrlving position is- offset, allowing space for a passenger in the cahin.

b - N
]

: When the American forces lsft the Philipoines in I94S they sbsndonsd a vast . .
B stock of surplus war material. Thie valuable resource was quickly ut;lised ' .
! . by the enterprising Filipincs, and one of the fesults of:their initiative® S

‘'is the brightly -decorated vehicle known as the jeepnsy. It consists of & - . W s

o LY +
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; : fitted a variet of enginbe. In
anila the Jeepneye\OPerete rather llke minibueea as & ‘pu lie tranepdrt

. eintenance of 1erge' tmbets of theae aeepneqa over the paat thirty yeare,
has,. resulted,in ‘the d'vélopment of a . wealth of mechanical expertiee amonget
' ilipinoe. fﬁie is one of.the reasons why: the Aaian util*ty vehicles (AUV'e)
10W- being produced by ia number of major automotive compaﬁiee have become - -
opalar there, An AUV \consists of standard drive-train assembliés (engine, b
.~ .° . jgearbox etc.) ‘built ikito a simple rugged cheeeie ‘onto which can be mountéd
o, la varieiy of basic, eabily comstructed body /shapes. {The example shown in* J
"""" " {Pigure 1548 by Volkswagen, but Ford, G. M., ra.nd Chrysler all make similar |
fvehiclee. g ' o __" ) ; SR A ST
y " o ; o N R
{ Figure 16 showe a Chin'_e two-wheeled. or eingle-axle, tractor. Theee
/" tractors are produced i 1arge numbers and have played a vital role in
the meohanieation of Chlqeee agriculture, bging well suited to the small
“plet- cultivation which e%apxgommon there. ;The tractor is driven: by a :
~single cylinder ka diesel engine and drive to either one or both of the "o

. R

wheels ‘can be selected Yy means \of "hand controle. iﬁ‘%ﬁdition ta~perform ng
- an agricultural ;ole, t_e tracto can be ueed as a‘ ‘means_of traneport "3t

'is 4in-this mode that it|is ehown'in the photograph attached to a trailep; na
Similar tractors are no fﬂufﬁotured in India and the Philippinee.

e iﬂi { e T ws L )
i | —"'"' L. : ‘. ) o - ‘ s P

Conclueions -";l Lo

T T trucke. They form a pr greeslon of” traneport apahility and tedhnicel j;_f o
. s complexity from wheel rrows through to mot#Fised vehiclee. Without euggestiﬁg
edther that’thereare ny universal eolutions, or that teehnology is easily!.
o _ transferrable from'on_ continent to another, it is nEverthelese 1% king -{_;
R :_ . that while-such _V¥ehiclea are common in Asia, they are almost totally _‘;__ A,
SRR abeent from many - other develﬁping countriea. notab y in Africa. R ixq:”"Fg
T Hand—drewn and animaleruwn vehiclee are trad‘tional in ieia, while pedal—*
e 'driven and. motorised ;ehiclee present imported technolo » ‘There has been
"jr only limited evolutic -ef ‘that technology’ in the’ Asian ¢ tries and mich .
. of the»innovation ‘that has" taken" place is geographigally licelieed and S
' e+ -often technically cruze. The_vehicles based ‘on imported technology ere',f"“"g
© uged largely in urban/‘and suburban eitpations, with only limited penetration .

_ b of pedal-driven and m torieed davices into rural areas.. Thie is at least
RS partly beceuee of al ok of vehiolee deeigned to meet rural heede.. -
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”:I h First Discussion Porlcd .
-.LThe first dlscussion period coeered four topics, the problems cf uehlcle'y :
_-and track ¢ompatibility, methoda—of -rediicing ; vehicle costs, thel need. for

. .improved designs of traditional carts, and planning- problems sssaciatedmw
L with the differing requirements cf various vehicle types. L
L ] L

It was suggested that the vehicles that Mr. Barwsll had shown in use’ 1n

.. 'Asia redquire a smooth Tunning surface, but that 90% of the roads in . :
'-developing countries are not to this standara which precludes the use of

" ‘such vehicles in many of tﬁs-spplicaticns for which they appear to be ™"

suitable, In reply it was ssid that all such vehicles could be used on

. garth roads provided that account wag taken of .the axle loadings, that:

- TYower gpeeds were accepted, and that, at ceriain times of the.year the AR

" .roads might rot be passabée. If such periods“ﬁccounted for only a small. ',di

~

number of travel days thip: would not representia major disadvantage

*provided that the restric 1cn wag accepted. -;j _ 1{_ﬁ
... 1t was stated thatvvery Jttle work has been carried out into the, problems

" of the tyre/surface inferface in relation to small vehicles and that some o
of the present problems assocdated with running on earth’ tracks could o
.- possibly be overcome by 'the use of improved wheels and tyres. This indicates e
- a need for some. practicil research into sultable wheel/tyre design for a;'“,. o
"'range of simpie vehicled.-__. o 2 _ R R

. » L. . .
s . Lo

. 'The second p01nt raised was that of the cost of purchasing currently ;deﬁ”'d”iﬁ
_ available vehicles. Itfwas ‘felt that there are a number of pobsible ways Lol
~ costs could’ ‘be reduced. vy improved*design, ‘and by the. use.ci_lccslwlahnn;—a '-?*t
~ cand- ‘materials.. There exist in many developing countries workshOp facilities
capable of prcducing a wide range - cf finished parts or. complete. vehicles. e
. Certain ‘machines might require a ccmposlte spprcaeh usdng some. imported
"-msterials or finisﬁediassemblies. There is often a lack,. ‘both of .fjtable
designs readily availeble to local manufacturers, and of* any" cenii?Q\:
- .directed organisstion]to encourage local‘prcduction. The use of 3adal™ oo
"~ labour would have the dual advantages of creating employment and,’ h0pefully, )
-:-.of providing a cheaper product, thus. allowing a wider distribution. I% was _f
- ;.noted however . that fdr many - individusls in rural communities even- the cost o
S el al bzcycle is prohibitive and represents a msjor investment. Anyfhlng - T
- i larger, would be unob-ainable by most individnals and would have to be -
r;cnmmnnally owned - if uch,people are tc’benefit from -an 1mproved rcad S
. network. ' This ‘form gf .ownership is dependent upon the existence of an _d;._;g-'“
ﬁf”appropr1ate communi x structure. . -a . : .V;(ﬂJ o S

- “‘.

s 11 lock - carts are exteﬂsively used thrcughout Asis and in some’ partsznf
- frlca. Their design’ howeyer 'is often less “than’ optimum, havin& evolved ' o
.. ‘over .cénturies with, in‘most cases,/ ro. greater technical:.adyance-than the * <. . -
/. gubstitution of traditional’ wooden (wheele by a- scrap truck- axle ‘and’ wheel, .--'ﬁﬁ
: =""‘;{'hc effective carrying capacity is 'generally less- than it might ‘be becauyss  *
" of the very high dead weight of the vehicle, This representg an enermcus
ﬂ;\ wagte of available. animal power wl ich has only- been_obtalned by settlng e
' *aside land, which could btherwise be used- to grow crops, .to: feed. the anlmal. o
' _provement in the de91gn cf these csrts.:




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

a road hierarchy where the different levéls of quality .are related: to =

' different vehicle types. Most planning processges in developlng countries

‘have evolved directly from American and-Europeanpractice and are ‘geared. to.;

--motor cars and commercial vehiclea. The need to ad0pt noTe appropriate:g.."'

;_design standards (and conatruction methoda) is being inoreaainglytaécepted.;-

. The concermiof ITDG is to make known the available choices in: order to- :
T _fag}litate aelection of aolutiona moat apprbpriate to particular circumataneeai

N LG Jﬁagenzﬁ Overaeal Blcycle Markete L i B

vy K. Hutcheon , | S

Technical Director, Raleigh Cycles Ltd.

=
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’ Overseas Hanufacture of Binyclea.' _ o o .
Most developing countries wish to establiah thelr own industries, and
bicycle manufacture is. an obvious choice. THe demand for the product and-
‘the labour-intensive nature of many of the. manufacturing operations can
cause this to Qgcur by normal economic processes, though it ie frequently ]
~ / encouraged by government intervention. Raleigh is in a unique position in Tﬁﬁ
- ;' the world!s cycle industry in being the only company which can manufacture -
almost a1l its own components; the exceptions being tyres, chaine and- .~
“ball-bearings. It can therefore. establish overseas manufagturing planta
‘based upon any selected degree of local content,.and this it has done_in
India, Malayeia, Nigeria, South: Africa, Canada, TeSsA, and eleewhere;-

e Furthermore the process of mannracturing the bioyele can be tranefe red . -
S - " in,a progressive way to the. overseas; factory. The most labour-intenaive L
o o operatipns are frame-building, wheel-building and cycle assembly, so. O
- starting from C.K.D. {completely knocked down) activity, the parent factory
S . loses first the frames and :the wheels whichy ‘a8 it liappensa, are bulky" _
S -expensive items to ehip. Ult1ma¢ely, local manufacture is developed. to. the R
I fM\ extent that only the complex parts such as the.luge, the bottom bracket, and .
' the geared hub are.imparted. If there were a aignificant demand for ; - 3'.'.-
~differentials for use. in pedal- -tricycles, then this is the sort of item A
that wOuld be: produced in the: U K. and exported. : T e

n
L] -

The proceaa ‘of 1ncreaaing local manufacturing pontent ie occurring

ffﬂcontlnuoualy, apurred ‘on both by normal’ economic preesurea, or by. gevernmeh_

.. . - 77 policy expressed in the ferm of tariffs, Raleigh is’ currently investing ‘a
. 7w :further £2m’ in Nigeria for the privilsge of et supplying rims fromjits

PR “Nottingham Tactory. One problem with the overseas manyfacture of* biéxsles
- 7. is the need to use locally proceaaed materials; which may not neceesarily

- be to tha same.’ standards as thoeeeprevailing in the. UKo o e ERRSE

. The Use of Blcycles in Developing Countriea R '1:f d-; L .“ Ly 'fiﬁg _]ﬁ

It is- neceseéky to meet local’ design requirementa, and many cuatomers in
developing countries are very conseryativé. They demand bicycles- which ‘Look’ i
the same as those owned by their fathers, and are euspicioue of any desigﬁ _;f




'-”.muet "be 1ou for this to be worthwhile. ‘A more-basic reason for using

".ncomhuetion engine. If.such an engine could be made as efficient as a .car

*

[T

'innovations. Thie is one reason for the preponderance Am these eountries e
of bicyclea which, inlterms of tHe U.K.’ markKet, are old-fashiohed. To the wi;'"
‘Nigerian weight ie strength, and the use of etronger, lighter materials

im unaoceptable. The yser in developing countries ie'usually extremely
ingenious and skillediin the art of metal-cutting, bending and joining.

He is. able to modify his bicycle to any sort of load-carrier by welding .

and ‘brazing bite on here and there, and his demand is for a sturdy, baeic"'
machine to act as a foundation. The baszic cycle mechanical parts are an.
obvious mource of components for use in the construction of some special
plece of equipment’ for {ransport or egricultunal purposes, and again the'
main requirement is for robustness. : : _

w

Pedal Power compared with Fuel Engines '

L Uaing pedal power, the human being can be employed as a prime mover of
~modest output and low capital cost, This applies particularly to personal .

transport, since the transportee has nothing else to do. It is worthwhils
. however, to queation 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 c¢an bé ‘compared with a fuel engine in the

- following way. A typical, modest automobile engine produces approximetely

I.5 kW hours per li#re of -petrol. A human being, working at a steady

0. OTSkW, woulf have to work for IQ0 hours, that fh to aay at. least a

fortnight to equal Slitres (I gallon) of petrol. The standard of living

-

* humah power may well be ‘that no efficient Tuel engines exist which have
an output in the region of; C. OTS kW, or one-hundredth of the output of
‘& gar engine, with a proportionally low capital cost. In the case of R
the imternal combuetion engine, the reason is bound up with the heat 1oases K

. from a finy combustion chamber$ end is quite fundamental. . : )

B It is posslble that the anewer lles-in the development.of a small ‘external.

‘engine, thenm a powered bicycle could be made which would do over EUOEmflitre,-__f*
~ and a power-assisted bicycle might have.a fuel consumption of 600km/1itres |
Thege figures serve to demonstirate £hat fuel cost. and’ pollution rieed not

be significant barriers ineither the developed oT under-developed worlds. o
Such a bicycle: eoul _have a market at home as well asa. overseas, and this is™. -
a claseicel re@uir nt for any subetantial ppoduct. . : o -

_1;5116 Paﬁer 3. Appropriate Pedal Vehlc
E by S.5. Wilson . S
"T“_7 Lecturer in Engineering Scienee, Un;versity of - Oxford

Pedel carts and oycle rickshawe are used on a 1arge scale. in India, China
‘and S,E. Asia, but ‘are limited in their application to urban use-on fairly
level roade with a reaeonable surface., Even &0 the straini on:'the driver is -
_immense at-etarting, due to the use generally of a single-gpeed gear,
eommonly the same ae.that of a conventional bioycle, €. with a 650mm

T~
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(261n.) wheel hﬁ-tooth chaln whsol and ‘18- tooth sprocket the gsar' is: H--“z'

" equivalent to a T650mm-diameter: wheel, This is about optimum for a single = 7%

" rider but quite wrong for a- vehicle’ ueigh1ng, with load,. perhapa three . .
times as much., Other common deficiencies ‘are inadequate brakes, often on
“ the front wheel only, and the fact that only one rear wheel is drive . Thé!
° frame, while ofiten quite elaborate, is by no means’an o timum struoture, ”:_.";
‘even though based on blcycle construction.in ateel tuhe. : ) SR |

L . .'n| .
: The first attempt at Oxford to construct a cycle rlckshaw is shown in Flgure
.1, and consists of a compldte normal bicycle frame- attached by two ‘bolis 3
to a Year section carrying two wheels each on a separate half-axle, supported
in the same type of ball bearings as used in the nérmal bottom bracket. ...
- The two halves of the’ chassis, Figure 2, are connected by means of a bolt dn
place of the rear axle - this withstands torque about a longitudinal axis--'
and a elamp on the small cross tube behind the bottom bracketi this locafes = -
~the front end of a tension member which forms, with a short vertical strut, e;lﬁ

a truss to resist bending moment in the ch3581s. o

-

Esch hslf-axle oarries a freewheel and sprocket, the right—hand sprocket
hav1ng 2l teeth to give a lower gear, and the left-hand sprocket is .
connected to the other by means of six .pina, Figure 3, The effect is that + -
"under normal cond1tions both wheels: are¥driven, but when cornering the Anner ¥
wheel is driven while the outer one freewheels as it 1siturning faster. Hence
“the’ tricycle will turn corners w1thout skidding but inqsllppery conditions.
o where, with a,normal differentisl,hons wheel slipping dsuses complete 1oss
5.;; of trsctlon, the twin freewheel arrangement acts 1ike a- Iimited-slip
differentlal in that Af one wheel slips the other drfves.

The chief deficiencies of thls flrst design were the lack of adequate brskes
“and the single. speed geaT; however it served to- show the potential for an::
e 1mproved tricycle.chaseis and led to OXPAM financing a technician to work = o oo
: .1“-[5 on a‘radical new design, the OXTRIKE, Figure L. The features incorporated ~ - :
. im the design include the use of a 3-speed gear, a standard Sturmey-Archer v
v UAW wide-ratio type (Fxgure 5), used as an intermediate gearbox as ona ; . -« -
.. _ motor cycle; the ratics chosen are equivalent to wheels of 80OCmm, IOGSmm,'
and IL20mm diameter, which. give a distinet improvement, though an even '
dlower.ratio-is. desirable for hill-climblng. A further feature is the 5., ] :
‘Tprovision of a powerful foot— brake which acte by means of inboard band brakes'-“
_@(Plgure 5) on gach. Tear" axle, this can also -be nsed as & parking brske.' !
The same’ type of rear axle is used as - bsfore, to give a dlfferentlal actlon.

)’

3 The chassis is, made ffom sheet ateel of I.6mm thickness (16 S. W G. or I/Ié"),
T4 whigh? is. read:ly available in most .parts. of the. world, can be cut by-

treadle gullxotlne, folded : :by hand machines and 301ned by welding (gas, arc

' 'yg or spot), brazing dr rivetting. The backbone of the chassis is a box section. =
L formed of two channel’ sections joined by exposed flanges., Being very stiff .;3
7.7, % . and strong in torsién. and bending no crossbvar is required, which makes T
- ¢ mounting and dismounting easy for eitfer gex, The whole chagsis can be B
", tipped backwards to stand upright on the rear end, which is convenient for
" tipping out the load, for parking in a small space, for fnspectiOn and
maintenance purposes. . . -

. 3
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. . . :
The front wheel and forks are of carrier bicvecle type SOOmm d1ameter, and |
~ are therefore very strong, while the réar wheels are S00mm. diameter hKaleigh
Chopper type, again very strong, particularly against side load, An ordinary
bicytle wheel does not have to realst side leads, as the rider banks round
a ,curve, but.a trlcycle or four~wheeled vehicle does impose. a side load on
the wheels, With its short 5pokee giving good trlangulaﬁxon the Chopper ;
wheel is well -able tg§endure such loads, - /

=

¢
]

The intention is tnat OXTRIKES should be built locally in small-workshops * |
from kits of parts, as is common practlce in India, where Raleigh subsidiaries
'eupply about 2500 kits each_month.‘The OXTRIKE kit would consist of a .
set of standard bicycle parits’ plus.a few special components, euchras brake .
drums and non-standard sprockets, which would be beyond the capacity of
~small workshops. If need be, some df the sheet metal parts could also be
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 six more to be allocated for buildlng
either abroad or in the U.K. From experience galned in building thesge a ’
and abroad. There ia already plenty of evidence that OXTRIKES are of ‘interest
in Africa, India and elsewhere as well as in the U.X., since the chassis

can be adapted to so many different uses. So.far only a simple carﬂ body,
Figure 6, and a temporary rickshaw, Figure 7, have been built but designs
exist . for several other bodies, including a proper riékshaw, a multiwuse

body for carrying two adults faecing backwards, three children faging
'forwardsior goods; a box-van body: a hopper body,*and a watér cart. Further
development of the OXTHIKF is hindered at present due to lack of fundlng.
Although the OXTHIKE ghould meet many transpdrt needs it is clearly not a
complete; answer, but its scope can be extended in various ways; to extend its
effect've range in distance or hill-climbing ebilitygaone,methed would be

to fit a- small engine of the 'Velo-Solex' type, which” drives the front

~wheel by meana of a reoller; some 7 million of these enginee have been built

in France, so they can be. regarded as fully proved. Another more recent
development is that of a hub-mounted electric motor of high efficiency.

This was recently anndunced for bicycle use and has an efficiency of 8% *
at cruise conditions of 250 watts, giving a speed on the level of 20 k. p.h.
Maximum power is about 350 watts (approximately the same as the Velo-Solex)
and should enable.a hill of I in 20 to be climbed at about IO kK.p.h., with
‘pedal assistance. The electric drive is an attractive possibility for reglons
where hydro-electriec power is available, thus avoiding reliance on oil fuel
and reducing the problem of maintenance.

As a radical alternative for rural use on rough, steep or soft ground =
design is being evolved which we have termed the Pedal Rover (Figure 8).
This is a four-wheel drive vehicle in which each wheel is directly pedalled,
so giving four times the power of the OXTRIKE, while the wheels of I or
- I.1 m, er should give substantially lower rolling resistance than the
" 500mm, vhi?}g of the OXTRIKE, in rough going. The. two halves 'of the vehicle
"are articulated at the. centre for steering purposes but are alsc free %o

-
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- twist'relatlve to bach other ao that traversing rough g:ound imposes no
-[strain on the chaéhis. dump trucks as used for earth moving adopt the

~same prlnciple. o ¥ .

-'Fach half of the vehicle consists of ‘an opemﬁ,”. with a wheel mounted at
each -eide in a semi- circular casing carrying the axle in bearings underneath..,
‘end a saddle, and handlebar on top. The riders sit astride the casing and .
one has:a steering whdel connected by c:ahlea and sheaves to the rear half -
-, for sfpering purposes, Beveral different types of wheel construétion are '
being atudled in order to evolve &g deaign which is atrong, light, cheap
B .- and. sultable for local - construction- these include spoked wheels, wood,.
SR and metal,’ ~sandwiched conatruction and thin corrugated sheet ateel. The g
v -~ rim will be of channel section to carry strips of rubber cut ftom 0ld °
'truck tyres, a technique used in Pakistan for farm carts. _ S

T,

-

It is hoped to construct a prototxpe aa soon ag- possible, funds are ‘
. be1ng sought to’ support this development, which would result in a vehicle
of great utility for rural use, a natural counterpart of the OXTBIKE for i
-'urban and suburban use.: ! SR :
' oL . o - e
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‘Prdblem nnalys = Power Sources for Hural Areas in De?eloping Gountriea

o+

iIn rural areae»pogh; eouroes are needed for simple agripulﬁhral‘macﬁfhery

rﬂThe use. of human belnga and anihals ‘as power gources ie widespread but the _
+methods used are commonly not efficient..The power available in this caee--{
. results irom the conversion of food calories by museul action and so tan
. be inereased by greater food: ‘intake. -The effegtive utiﬁr

L]

' power .ig widely used and efficiency could no douﬁt be increased .but
1Tapp11oat1on will pe. reetricted to those requiring high- torque at low speede

B use of the muacle power of human beinge afforde a most flexiﬁle and uaeful
'solution._ . .

- advantage appears to be. galned.from P dal. moti
_ cranks as on a bicycle (Ref. ¥) and _
" rotary motion at speeds of 60-80rey/min: Ha
- as ‘the arm muscles are/smalier +than ‘the 't
‘. power output, to be, e;pected from normal pedallers is around O. OTSkw.jﬁhfs

such as. wdnnowérs,‘pumpa, milla, -graters etc. The.use of ouph4@aehiner§, e

_agricultural productivitv.-Power -gan, also be used for’ looal trenepqrt ard 7 '
"small—soale 1ndu5trial applicafionsv ‘ . _ . A

. «

Simpleaand*looally manmifactured, qan, reeult in appreoiable advances, in.

+ . . . o s 1
. yoom E . B -

B 4 " . - - " ’ + .

L4 . L R

1sation of this. e
power can also ‘be increased by the efficient design of maghinerg. Animal '

(winches, large- mills etc.) In those areas unaen ooneideration, the efficient -

-

._J. /

The maximum power output from a human being ogeurs in a rowing- action beoause "'J

most muscle groups in the body ‘are used. fHowever, sse outputs.are closely I':j
approached by those obtained from’ the légs appli d tb moving pedals. Little N
8 o{her ‘than simple rotating o J
* cranks gives a fairly spooth - :ﬂw
cranking {s frequently use but . _
{ghs, power output is reduoegmf/he ~':J

- output can be maintained for 60mine or ore, Higher outputs can.be: produced 2l

S The evolution of the b Yple over the laet 100 Iears;ﬁﬁa resulted in the ' ..;/
- period, This is the
wind resistance.
. . 'by a more horiz

_-can push agai 1 a back-réet and 80 _exert more force, Malntaining he legs
in this ‘hori ntal position- results in- the%onset of fatigue after a short

o ;_irrep ceable fossil fuelaxare consumed, with obvioua benefite._ﬁlthough

‘this output is-1ikely to hé.rether h{éh and a lower’figure-ef 0.06kW would
“be more reaaonabde for coptinuo

’“outputs available tend té be ldwer than thoae measured from the perf: TImAance
- .of cyclists” because of the ef ect of the wind in“re
' i;“It may. prove ‘advantageous t ;
: to improve output. B '; I Lo 3 I

.;4'

for shorter. pertods. Tnie to/ the poor nutrition levels in-develgping “countries-

pedalling.zfn ‘static applications, the ;'-*;h

cing body température. ,ﬂ;_fr
ers. 1n staticﬁeituationsf

L

determination Bf the ptimum position for oontinuoue pedal ing over a long _;;f7”
fosition edopted/pn’the etandard ‘adfety’ hicycle-the e
other positions uegd by racing ;;g%iste are edopteﬁ primarily to reduce .

jome increase-in-output can,be obta/péd for aﬁbrt o;riods

tal relati ship between pedals and/s dddle//leg nugcles

. the. best POmpromiee for moet




cobE “hlevc € owne -
SRR SELE & A £ eqnivalent to the léve 1 of car owners,ip tn- Europei_hence spares and .
.. _,. _maintenance facilities are commonly available. The capability fox 1ﬁdigenou9‘
 manufaeture can be developed from this basis {as in Nigeria, India, China, =
_ : etc.). If this is taken into acgount at the design stage then material or ‘.
S, ih procese subatitution can résult’ in eimpler methods of’ conetruction than with
o currant. 01cvcle 'practl ce. : . .
,y’// T As qtated earlier, the cther area of need. for power gources in rural areae
_:/ .. is fo raneport of goode and passengers: This movement iag local, as an
i - © - - “intermediate stage beiween porterage and major traneport systems (trucka,
‘Yf'._ .. . railways etc. ) In areas where pedal driven vehicles exist (primarily in-
g e Asia), their euitabil‘ty has been demonstrated. Bicyclee are, of course,
< . . the most common type and customarily gre used to capecitiee far beyond - A
-~ .- - "‘their original role as personal transport. Loads of up to 100kg. are not ..

e T uncommon but probleme are imposed by wheel etrength, etability and eefety.

;e;d; f:“' Methode of using Pedal Power to drive Machinery _.

I number of different methods have  been proposed or used 1n various R
e lfapplicat1one._Theee methods fall into four categories .~ converted bicyclee-

=7 -pedal drives fitted to machines;.dynapods and pedal power units - (PPU's). .

"+ The euitabiliby of each method will be determined by .the machine type and _ %

. '.;pattern of usage., $oc1al and economic factors will also affect the use . . 7

[ PR patterne, with the classification of work tasks and the local financing ;,T.ﬁ

R

SN ayetem playing some part in *the eelectlon of an. agprOpriate method, - . 477
Ae would be expected a number of manufacturere already produce machinee J-?é

-;m_?itted with pedal drive., Deaigns h&vefbeen produced by individuale, notably b
~ . Stuari Wilson™ (Oxford.- University) and Alex Weir (University 6t Dar-ee—Salaam)
-‘;*bogp of whom have worked for 'several, years in.this area. A survey of . i
Y ex;et1ng~m@ch1nery that“u%ilieee peddl drive and exietlng.machinery suiteble o
._fff_“for adaption to pedel drive ie given in the Appendix, - \
"TTA dynapod. “as’ first propoeed bv Stuart Wilecn,“ia a framt compfreing a eaddle
_.'and pedal .drive with a number ‘of power take=-offa for connection to machinee.f*
K Jn the inifial proposal. the drive chain wae,eonnected to two layehafte, giving,
e twe. epeed take-offe. Connection. %o the driven' machine wee by belt ox flexible !
"('shart and *Wilson- ~guggests the uae bf bemboo or G.R.P. for thie shaft to ;
reduce coete and. minimiee alignment probleme. e ) PR

'-The pedal power unit (PPU) wag' developed by the author from ‘the baeic dynapod.-
Thia Qevelopment is -described more fully in a report (Ref. 2). The re¢ionele
for the ‘PPU ‘arose from: conaideration of how the machine uses of ‘pedal power
. rélate to potential trens ort uses, The pedal pover unit comprieee a
pedalled road wheel i forke.fitted to a frame with saddle. This unit can be
_used independentiy to drive iinery via 2 power—take-off and can be - O
Bt 'connected to a two-wheel. ch 3848.1t0, form a load carrying tricycle. The unit !
" can also be connected in 8 e_w&th other unita Jor mechine applicatione :
,'fequiring higher powers. - '

R The: link between traneport and machine uses can be seen in etudying e k
o R agricultural or induetrial production. In a typqgfl agricultural growing-m*

L

——




oyole. aeed and fertiliser are trans ported.xo_ihe—ﬁaeiﬂumorope—arergrown—*‘—*““

;;fce-@—~—~ﬂand'proceee—ﬁ‘by‘IT machinery ry then produce is transported to market. Similar.
: patterns can be seen in construction or emall scale industrial proﬁuotion.
' The use of pedal power in this dusl role is ‘exactly analogous to the use of

-'tractors in EurOpean agriculture as po‘} sources. and traneﬂort dev:.ces.

Thq~PPU is intended(to extend the utility of transport and further work ie
-;currently being undertaken by’ the author to develop the- deeign and evaluate
. its feaeibility. In terms .of uses, the PPU would suit the same ‘pattern of
. usage as the Aynapod but with the berefit of this additional tse to Lt
amortise coet more quickly. : . p . -

"To aummariee the methods of 1 use deggrlbed_Above%~— —or e T T

o The utility of bioyclee ‘is.1limited to a number of specific
- applicatlona such aB electricity generation, winnowing fans and
_certain types of pump, due to the probieme of adaption.

. i1) If the potential use of the bicyole as a power. source was taken into
S "t account at the initial design stage, then this dual use could be
. IR " -accomodated satisfactorily as we111as other deaign ohangee to enable :
S R local manufacture, , ’%». R

e,Liii) Fitting pedal drive direotly to“ﬁhe'machine enables 0ptimieation of . L
- that particular application and 'is most suitable for machinee which - .
are in constant use or communally owned and hired.“ '

53e.;:' R g-iv) The dynapod is a feaaible eolutioﬁ-for communal ounerehip ‘when a
© .t ' number-of machines can be operated-in turn, or for a farmer with . _
: a. range o£ maohinea. o . . 0

_ f"?;:'j' ':.fﬁ"The FPU s equally suitable when operating a number of maohines
fiﬁi e ‘but is more eoonomically feasible for an indiyvidusl farmer due to -~
R : its capability as’a tranapdrt devioe.

s . " 'Pedal Power Unit Deeign P10poea1
‘The PPU comprieea a frame with a wheel mounted in forks. The wheel is driven .
by pedal cranks and a chain fitted to the forks and a saddle is fitted to the
<. frame. For transport applicationg, the unit is connected to a two-wheel » .
'+ chassis amd-go forms the driven front wheel of the tricyclet.The, two-wheel .
_ " -chassis 18 ugsable inﬂependently &8'a handcart. A aub-frame fitted to the forke
v e e ‘carries a secondarv chain and la;phaft driven from the wheel .for.use as &'
: . . power=take-off, This subframe piyvote on the wheel axle and aote ag a stand
to.raise the wheel off the ground, erabling the power-takb-off to be used .
_ whether or not the.unit is fixed to the rear chaeais (Flge. 1 & 2) o

. The primary drive train consists of a L6 tooth pedal eprocket with a 3mm (%in)-_”."
" .-+ chain driving a 2l.tooth wheel sprocket. This gives a lower gearing than-a
. ’ atandard ‘bicycle, to be suitable for load carrying. The uheel congists. of a
o Raleigh Chopper (500mm x S0mm) type rim spoked onto either a 3-speed
”Sturmey-ﬂrcher hub or a* dual threaded hub with freewheel thread on one side
and fixed sprocket lock-ring thread pn the other. The Sturmey Archer hub.
. is .modified to allow the fixing of a fixed sprocket and lock-ring in the
'same manner, The fixed 2h tooth epro ket drivee & eimilar ‘sprocket on the -

AT . . - E h X A
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- with provision. at each ‘end for power-take-e££1—$he—chaansﬁa;e_$ens”“TL_"_.“
'Jockey pulley Qr by m8v1ng the PTO axle houaing in-a slotted hole. a0

" be ISOrev/mln at normal pedalling rates. By oubotitutlon‘of different
‘sprocket sizes .in the: se¢ondary chain this can be varied., If .the Sturmey—

o

layeﬁaft via the secondarv Phain. The la?ehaft is a standard bracket axle B

With the gearlng arrgngement deacrlbed above the power-take off speed will .

Archer hub is<fitted Jpthis will give gpeeds of '112/150/200 rev/min and _
gives a convenlent means of aiterlng ratios. Because the road wheel drives
the secondary chain system, it is used.as a flywheel for, power smoothing |

and enables the road brake to be usbd as a. machine brake. : ¥

- . . . -
—————— .
T - ——

. shaft can be fitted. This shaft can be used 0 connect two pedal power unlts

- problems.

.- ig usged for, ease ‘6f construction but it may be
~-carrier brcycle fork, Standard frame preaaingo "car be.used for bracket -

At one end of the layahaft is fitted a ‘threaded block to attach t L
secondary - chain sprocket with an extension collar onto which a take-off ',

together or to erve machlnery. On the oppoaite end of the layshaft is a

similar block. wlth provialon for attachlng either a pulley shaft or chain .
aprocket to provide drive for machinery. The shaft ubed. for interconnection ]
would be semi-flexiple (e.g. bamboo or GHP tube) to overcome alignment

RE

' froa - e N

It is enviséked that the unit will use standard ‘bicycle parte fox bear;ngs,/ff
pedala etc. with a fabricated metal frame. A motorcyble type oteering head”
‘possible to substitute a

axles if available. The main frame is designed to be fabricated from mild :

" steel sheeﬂ'folded into rectangular oect1on tubee. A number of other

conatructiontproceduree can be used, including fabricatlon from- stock

. -tubea etc.fThe moat aultable method will be dgtermined by! }ocal condltlone..-c

o For transport use, th ﬁhlt is. oonnected to a two—wheel oHassia to form a
.front-wheer-drive trlcycle. The chaeaie is designed to be uaed independently

as a handcart. Connection batween the -two- sectlona is made"at three p01nte.
These are the:two rear feet ‘of the unit and the tcpeof the handle member on
the ‘chaswsis, The feet locaté in lugs on the.chassis and a clamp would comnect .

.tho chassia: handle to.a bracket on the, unit frame just behind the saddle, .

As long as thé dimenalonal conetralnte ‘of .the attachment points, vehicle
geometrly and the requirementa of 8tructural strength and stiffness are
satisfied, a great variety 6f c¢hassis deaigne are’ poooible. These range

‘. from uooden atructurea with: fabricated wheeln: developed from leocal cart

- practice to; metal frame .chagsis using available’ ready-hade wheels. The
designed” payload 1ie I50kg. Two chassis desfgns are illustrated {(Figs.3 &)
_in the mbdel photographa. One uses ‘Raleigh- Chopper wheels in a light '

tubular space-frame,vwhich aupoorto the wheel axies at .each side as normal.

/The other isg designed  to.be fabricated from eteel sheet and nges light
‘motor car or motorcycle sidecar ‘wheels on stub«axleo. The vehicéle has a

N wheelbase of'. IBOOmm and a track of 1200mm with' grcund clearance below the
‘chassis of 200mm The ground clearance can be oaoily varied in the chagsis
‘design to suut Operating condltiona. :

EA number of body typee can be fitted to the chasais for different uses, The . -
: standard bodx wonld comprlse 2 platform and_ twoﬁangled sides forming wheel o




-
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. mudguerde. Thle givee a pletform_51ze of 1050mm TSOmm for loade up to R

15pkg, A-Beat-can be fitted on the -gides - to oerry “two :passengers. with

' space for luggage’ underneath thé sent, Tﬁe seat would dismantle to form :

the front and..tallegate of a boxitrailer 1o goode carriage. A folding .
-canvas hood can- be- fittedwfor weetﬁer“bfote‘tion in bYoth applications. For
tipping, the front of the vehicle can: be 1 ted, pivotting above the ‘back

For 'particular applioetione other bodiee c: be used e.g. “tanks for water .

' carriage (up to 170 11tree) e o ‘ s

a 7
Motor a351etance by means of 2 small two— Jroke engine can also be
employed. Although a further refinement,. thie illuetratee the flexibility.
of the design., The engine would be fitted to the front fork, driving the

." . wheel through the.secondary ohain~eystem. Thie glves a moped arrangement, '

using the pédals to start the engine. 1 «5=2.0KW engines would give speeds

- of 30k.p.h for the fully laden vehicle on 1eve1 ‘ground. Greater speeds -

would require a stronger chassis and much 1mproved ‘brakes so are not .
advisable. Such an arrangement w0pld be .an intermediate etage between pedal
driven and oonventionel motorieed vehicles. ) :

Postseript a0 -

-

bioyole manufacturing methods appropriate for developing countries has

led to a veriation of the PPU concept. Traditional bdicycle mamufacture .
relies on the apsembly of high guality steel tube intq complex cast or

- .pressed lugged joints and. although this results in a light frame,- the
produotion of the frame components is a capital intenaive operation. For
developing céuntries, frame conatruction based on box sections fabricated
from stock steel sheet would be more appropriate. The use of unit beeringe,‘
‘suitable slso for a wide range of machinery, would also &implify hub and

Since the proposals deecribed abbve were deeigned, oonsideration of : _({

' orank construction. If such a re&ppraisal of bicycle construction is

‘undeitaken to -evolve appropriate manuf?cturing'methode, it would also be N
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 peeeenger, in safety, dictating a- longer wheelbase
with emaller wheels, Additionally, the bicycle would: heve A& power-take-off
to drive machinery,:thus performing a silmilar function to the PPU. The .

- hicycle could tow a trailer -oT. could be canverted inte a tricy¥ecle by the 5—*“‘”f

addition of a driven.rear axle’ with brekee and differential unit, eimilar )
~to the Oxtrike (eee Paper 3). -t -

A bioycle deaign eimilar to that outlined above, though not 1ntended for
developing countries, has been produced by the author end Ian Barwell, Having -

©' - won the Melchett Memorial Award for the design, prototype. construction is’

underwvay. Many features of the design would be applicable to deveéloping

- countries altHOugh the general“configuration would.have to. be modified. It

is hoped to explore the posaibility of extending the application of this
‘déaign to developing countries and such a re-design of the biéycle would

' complement the development of the PPU and dynapod concepts in extending the."
- number of ways in which pedal power_can be exploited in developing countries.

-
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- Apperidix;

Main source of informatlon is ITDG "Tools for Agriculture -'a buyera gnide
to low-cost agricultural implements™ 2nd. edition, ITDG publications 1976

Numbers refen to codea paed in the catalogue, with country of origin.,

Existing or- poasible Hachinery and Deaigns using'
. or auitable for Conversion. Y :

; Short namher oodes refer to page numbers in Iat. ed&tion of catalogue.
- Initials refer to deaigners“or sources of information- _ .
' SW - Stuart Wilson, Department of EngineeringuScience, Oxford University

. j . S

| conversion (with existing 1
| drive method)

"AW - University of Dar-ea-Salaam L

WE - ITDG Workshop S ) .

RM - Robert Mann, NCAE Silsoe S -
Machine Type - HAehinea uoing_pedal-drivo‘ T Machineo auitable'for

-

e

rjPﬁﬁPéf-”Q_-';

" 1. hgriculture -

n
i
i
'.

Automatic pump (SW) :
Chineae dragon tooth pump (sw)

‘ .

' Climax (UK 053K, 01; hana- '

4 Howt ( -053H,T3) hand

Godin (UK,053H,05) hand

Cogbul (India.o53n 03)
2-man hand

. I
.
. .j:
o o
N .
: ;
N
N
o
T

" Maiize Shellers

o i

" Hunts Cobmaster (UK.071H1:09) |

S ~ | CeCoCo (Japan 071H1. 02)
° o hand .
Cossul’ (Indlﬁ OT1HT 03)
hapd
| Hénts Atlas (UK 07131 05)
) , . hand Sn
R . , " |Alvan Blgnch (UK 073507)
. =._"'.o " hand o .t .
s o =

Allied EOT1H1 01) hand

| crinding Milla -

- Siscoma (SenogaleT )

hand '3 kS

3l T T

CeCoCb (}ﬁgﬁ&iog1ﬂ.ﬁq)o

_____ ) | Gauber Ffaﬁce'bgin.62:= _
_ - _ihand _- e
g ) ’ Diamant-?ﬁenﬁark 09IH/63)
- _ _ .. hand : S
. 't v  Atlas (UK 091H. ou) hand
i : Dunia (Kenya :091H,06 hand
' ; . Amuda- (India 091P.0 )
= f ' electric motor
SN | . ' 'n-;_,H
| : ot f
\ [-n,'_; .. 28 . .




Corn Crushers

Renson & Cie (Prance 091H 06}
hand

Cereal Breaker

w

" CeColo (Japan 095.01) hand -

Chaff Cutter
R .

Dandekar (India 092.0L).hand

- Hunts (UK 092, 05) hand

Johnson Silex (South Africa
092.06) hand _

Ajantz (India 092,08} hand
Rajasthan (India 092 09)

hand -

Mohunder (Tndia O71H1. oh)
Renson & Cie (France 071P1 0?)
electric motor .

Groundnut
Decorticators

1

Dandekar (Indfa 071H2'01)1

hand

. ~Hudsons (India O?1H2 03)

foot treadle -
Siscoma (Senegal O?TH2 06)

; hand

Threshers

Akshat {(India O7H3.01)}
Cossul (India 0?1H3 03)
Aplos :

Doring (Germany, 63)
VITA design )
Malaysian design (RM)

feCoCo (Japan 07133 02)
foot treadle - =

© Midget, 56
 Cossut (India 62)

Winnowing Fans.

Rl

Akshat (India O7H3.01)

Cossul (Tndia 071H3.03)

Winnowing Machines

" E

NCAE design (RM)

- hand’

Cebcbo (Japan 073 01) hand
Hudsons (Tndia 073.02) -
electric motor

" Hunts (UK 073, 03)"Hand

Rajasthan. (Tndia 073;0q)

Rensons & Cie (France 092 12)

 'hand B

K3

Rootoupte:-

¢eCoCo (Japan 092 03)
hand -or motor - ..
Rensons & Cie (France 092 11)

ﬂ*electrlc motor-

.Coffee Hullers

 Gord0n (Uk 094.,08) hand . . -,

Coffeeg Pulpers-

[’

Bentall {UK 094.02) hand
Gordon (UK 09L4.,12) hand

- & {094,06) hand

McKinnon (UK 094,12) hand
L& (09h 13) ‘hand

- ’ ’ ’
B it e :




u

1,

Cassava Graters

©TTDG design (wE)

' -Winbh Flough

‘Frencﬁ dgqign (sw)

l2. Industr1al Machlnes ST - R N
- Electrical Desigﬁ (SW) ueing bieycle ;
] C-.~=4_rlia_;:'a:l:c::f:-T & alternator . .
Wlnch . Deslgn (S‘.\') “ 5
.jForga-blower ' Zamblan design (ITDG) : .}
'_Alr compreasor '{1
;Bmﬂny R ; . . Y
Frefsav -'
. ':-:ﬁéiﬁ;g“}.{ =” R i v
pillar DRl | :
| ‘Grinastone - . ’ ’
— b MESHEE RS :
mt  .if ) . " -
EEN |
. . "

-

1 paim ‘Nﬁt. Crackers | . ~ Hartap Wilklnson (UK 09!4 01)
' - . | Voms. (65)
e . . _Rapid'(66) |
'H_i'ce Hullers . . - CeCoCo (Japan 09)4 01) .
N hand, 2man .
Gordon (UK 09L.0L) hand

Rice Polishers | e CeCoCo (Japan 094.03) hand

B Ca!’;e Squeezers n \ CeCoCo (Japan 094,01 ) han&




ig. T

Il'l







]

q_permanent Toads. e

“1aHaulege Methods -

T

f.8 Paper 5; Simple:Vehicles in Lebourrgnténaive C;viIHConstfpcfioﬁ
' by ¥. Sharrock _ :
Messre. Soott Wllson, Klrkpatriok & fartnefe

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

The work described in thle paper has been carried ocut as a part of the

~ TERD {World Bank) study of the Substitution of- Labour and Equipment in
"Civi]l Construction. This is a continuing programme to investigate the

prospecte*for appropriate technologles to employ productively the

unemplqup or underemployed labour in develog;ng countries. In,these
countries the extent of completed civil works such as roads, irrigation
canals, dams, reservoirs, 'river control works etc. ia of courae to a

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

agencies, A large proportion, perhaps.as much ag half, of these 1nvestments
is accounted for by earthworks tlaks of various kinds, and the txansportatlon
of earth and locally produced construction materials such as stone

aggregates over relatively short distances is usually the single most’

'1qportant activity withln_euch tasks, in -terms of expenditure.

T
'

:thlage of earth and'atohe'oohst;uction mater;alg-has'therefore been one

of the main areas of 1nvestigat16ﬁ'in the Labour Substitution study. The
1nvestlgatlons have consisted of work study measurements of forty or more
ongoing constiuction projects in India ‘and Indonesia, together with - !
experimental field work, and processing and analysis of the collected

data, This experience has showri that these haulage activitigs’are
characterised by haul diatances from a few metres to several kilometres,

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

of metres, whilst for movement L of-latone, distances over e kilometre are
most frequent. Earthmoving takes place over the rather poor surfaces of
temporgry haul routes ueuqlly, but when longer distances are "involved
quatries or borrow pits may well be sited to allow use of available

A great variety of haulage methods are employed in construction work. In
India for example, at the 1a§our-inteneive erit of the spectrum, earth and
stone products are carried in shoulder pams, headbgskets, yoked baskets,
and in carts drawn hy mules, horpes, oxen and camels, Agricultural tractors
with two wheel tipping or non-tipping trailers are sometimes employed A
and the use of trucks, both tipping and flatbed, is quite gommoni In. .
addition to these’ methods, a wide range of’ heavy, western ztyle earthmoving
equipment is to. be found, ushally on very large projects. However it is .now
recognised from the resukts of the study that labour'and animal based - o
-methods can be fully competitive in térms of direct cost with the latter,
maohine-lntensive methods, It may be noted that where this holds in Indla,
the typicéal unskilled daily wage during the conatruction aeason’ie about
Us$0. 5, and’ piece—workere earn up to Us$I, or even US$2, exceptionallv. :

. . !
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':When efficiently organlsed the labour an& anipal baeed haulage modee have_
a definite pattern-of applicatiop. With reference to Tndian conditions,
manual load carrying is the most competitive for short hauls, for short :

... to. med jum distances the beast of. burden - is used,. for medium hauls. the
 animal drawn cart and finally, on: long hauls. trucks give the lowest

‘unit cost. (Unlike China, which'is perhapa even better known for: 1ab0ur
based construction; in India wheelbarrows do not. feature eeriouely in. the

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

. Been . thqt the-size of the load carried in each modé&™of haulage correlatee

33we11 with the approPriate haulage diatance, dB indicated in Table I._I{ '

. o et
MJthod _ _ L _'Typical Lded ' Preferréd Hanl
. o~ ) (ke) | Dispance (m) .} ...
 Headbasket, yoked basket | 35 | . . 075 p
B T ‘100-150 I R R
TCamel o~ - %’hgo | e e0-hes _
Mule eaer'_, ox cart, camel ca::-fi 500-1000 I 200-600 . ’
ﬂTi'uck A ) L | ,l -«~?:-"-_ hooo 7_ e +Soo upwa.rde

-'in theee areas are diecuesed ‘bripfly in the following eeqtious.

Table I Correlation betueeg\haulage mefhod ht}plcal load carried and R
: o preferred haul distance L %E - F_,@;:

. “\ . _

-The evadence for the exisfeqce bf thie batﬂern 13 exteneive, an&“suggeste
strongly that the major role 4n: copﬁtruct ion work for 3hmp;e vehicles
capable of carrying loads from perhaps 100kg to I.tonne| is the hanlage ‘oft
materlals -oyer distances from ahout 5Qm to around: Ikm, Two such vehiules
are the whéelbarrow and the animal drawn cart. Although it is utll-known

. n"‘-"-

B %“"“hﬁstorically that these have been eﬁployed in earthmoving, little

.quqntitative information has been availablé even:- though their use- hee =':“
continued up to. the, present in some ‘parts of the world.,However, ‘some .
_ success has been obtalned during;the -Labour Substitution study: with

-, wheelbarrows .developed for ‘earthmoving taske and a reasonable amount ‘of -
" e productivity’ ‘ddta and background 1nfofmation relating to wheelbarrows is e
. TOW_ being aaeeesed. In India the, ude ‘of . animal . drawnhﬂarte for earthmoving -

;hae been developed t6 a’ very efficient level by petty contractors from ;r;"”
"particular areas,-and as a resnlt of obeervations 'at several sites some R
progress’ caﬁ’nqw be made in- analysing this mode of haulage- also.. Literatureg“

. -studies<have’ been ‘made on hHuman’ ergonomice and*ihe wark output of animals.

'(Rege. 1-& 2) and work is continuing on  the ahalyeis of wheelbarrdw and .
- animal based haulage: methods. (Refs._j & h) Some-,of- the 1n1t1a1 flndings-

" Phe Work Out'put of Men and An:l.ma.le f,,\ R B
amhe phyaiology of mdﬁ, ‘and of the mammai; used for work purpnsee ie ,”,'.;,
genE“Ei}ymaimilar. It is though 'therefore that the followlng diecu331on RTIREY

-of -the work output of meén in re ation to- construction activities ehould o
‘gerve to 111uetrate principles applying algo to animalef However aome - data ;E;
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ons of developing roughly 60
watts of power over an extended period) This" flgure -of 60 watts can be
.arrived at in several ways. For examplg, it is wldely recognised that an -
. " 'average' western man has the ability tb convert food into energy .at a rate -
of about Skcal/mln. ﬁpproxlmately Ikcal in of this is required to eustaln
life processes, leaving Likecal/min f r "physical act1v1t1een Not much more
than a fifth of this remainder can appear as useful external work due “to
the level of efficiency of the energy conversion process and. of the human’“
-mechanism. Hence, converting to the ftandard unit for pow@r, an output of -
S __'60 watts can be postulated for activfties utillslng a substantial portioh
T ' of the body's museculature. Thia quantity is meant to be comparable with the -
; . brake horsepower figure for a vehicle, 1t Jnay be noted
This simple view is useful to set a perspective for man-powered machines. In B
civil construction and other heavy work partieular factors to conelder are
- a8 follows: . . . : N g

-r o i) The body ‘has a cer%ain reserve caﬁacity of energy which enables
f greatly increased power cutputs to be sustained for short paripds - up

e ~:-f . to perhaps ten times for a period of the order of seconds, but double
: ' or treble the 'continuous' rating may frequently be developed for mlnutes
at a-time in“heavy manual work. T

b0t
' 11) When the reserve capacity is used up-hy heavy work, rest is eesent1al

- 8o- that replenlshment of the energy reserve can take place. The higher the

! maximim work fate, the more frequently rest is required. The - overall work
. ~ output falls somewhat when frequent shorts peaks of effort are made,

compared ‘with a eontinuous steady effort,

B
ES

[

iii) The work output (and necessarily the food intake) of workers
habituallv engaged in manual work is likely to be higher than that of
the average man, for the Same body welght. o . ) s

o
- -

‘Thus in const ction haunlage- actlvitles, sinte the haulage process is.
essentially eﬁziic in nature, with a relatively demanding haul-laden period
alternating with a hanl-unladen-period during which rest can be taken, the
rate of working is cyclic-alsos Brief perjods of high power output of the
order of a minute or so, alternate with rest periods. In making compariscn
with continuous effort euch a8 long distance haulage of goods, or much
agrlcultural work, the cycllc nature of construction haulage must be
coneldered careful)y. _ . . .

Characteristics of Wheelbarrow and Ahimal Cart Haulage

Experlence indicates that barrows and carts are very sensitive to gradlenﬂ\
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 consequenc
-of their 10w-power-to-weight ratio. A 'ball park' value for the operative
power-to-weight\ ratio of laden carts and baﬁ;owe is suggested -in Table 2,
compiled on the sis of informed guesswork, where the b.h.p. to grosas
.ueighg ratio aprears to be in the region of 0. SkW/tonne, for short-haul work,

-




) Haul Method | ° a;;'yeighi"(fonhe) ' . | short Period | Power to
‘ T —r - -| Power Output | Weight ratioc
Haﬂé&;. {Vehicle | Load | Total | =~ kW | kw/tonne
_ Wheelbarrow * 0;055, 0. 03 .17 | “ol188 .12 65
- . L . » ¢ ';?J‘ ‘a . N t‘. . ) ’
Mule Cart® o h : -'°':.:0 5°F 0.8 p 1.7 = .53
Camel Cart | 0.7 | 0.6 | 1.0] 23 | L5 1~ .65

- *  Table 2: Power-to-wei?ht ratio of laden carts and barrows
. : SR
‘ Special measures such hs provision of ramps, use of extra haulers or
- arrangements for winch assistance are necessary where slopes have to be
¢limbed if a conslderdble reduetion in pavload is not to be suffered+—In
view of the low power+to-weight ratio it .is important that rolling
registance is mlnlmleed Tt seems likely that rolling resistance commonly
. amounts to L~G%, glvep a good earth surface and well inflated smooth’ -F
pneumatic tyres. Any marked inerease in this value has a serious influence :
on ability to climd elcpes with a useful payload. In Indian practice,
‘where a rise of more 'than I to 2 metres occurs in a short haul, animals
carrying panniers are generally used in preference to carts, ng. doubt
because their superlor climbing abllity makea them more economic in theae
circumstancee. :
Animal” carts used for earthmoving, although similar to road-going carts
are gpecially constructed for the earthmoving teek, as follows:

1) T™e harnessing arrangement often enables the cart to"be partlally or_ .
completely tippe speed the unloading process.

- ii) Pneumatic tyres are. used - either ADV' (Animal Drawn Vehicle) tyres |
. or truck tyres, the tread may be- grcund of £1% give a smooth round :
= 7 profile. ' _ _ y

~ _ 1ii) The body has shallow sides or a simple flat platform*to make hand
y loading as easy as possible,

\\These carts are produced by very small scale manufacturers. Where some

hﬁvanced technology components Such as tyres and roller bearings are -

ehployed, used secondhand parts are generally. fitted. -The body and much of
e§mhaeele ia of wooden construction. The major reason for fitting e

gtic tyres to these carte is probably, that conventlonal narrow wooden

or metal wheela ‘are.at a particular disddvantage on earth surfaces because

they cause a rapid deterioration ‘of the running surface, with consequent

increase. of rolling resistance due to deep rutts and deep layers of dust,

Tables 3 & L ‘give typﬂpal detaila of animals and earthmov1ng cartsr

4

L N N b S Bpeed. Tymicel Load |.Cart. Purchase - Typical Chassis:

. Wb 'km/hr 5 : ki Pric‘eﬁ.‘US$ | Tyre Size ___'Life }’I‘S
Mﬁie?‘Céﬁ' | 3shes 800 | 130 - |6-19 6m |- 5 . |.
0x Caitj 2'3'5%f o 1500' ' S;;fh.ijof“ . c; :6??9 ih?ﬂ 55_1; :':
Camel Cart | 3-5° | 1000 .| I70° " |9-20T0PRY 5 © |

— . . _ i :

" Table 3. Characterlatlce of animal drawnvearthmoving ‘carts
L e
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o ',/_' . / .
7 A
4 v A .zﬂ
7 A
Animai ﬂ'Appfox.“Coét' - CAPPR ox..WOrking L ApprOX//feediné Cést'
. S Us § :Life yrs - $/day working
’ . . . ] iR - .
Donkey - 30-70 |30 0.4
. . ! : ~
Mule - I00-180 N " IS - 0.5-1.0
Ox . 70-T00" GO L0
Camel | ‘_220-330 [ - 1. - | 1L ]
Table U -Characteristi@s of draught animals - .
Some forty wheelbarrows of different types have been used in extensive i
field work during the study. These have been of five bas*c pattarns'

i% Two=wheeled barrows : . !
. U.K. style single wheel : '
ilig Chinese style large diameter single wheel
‘Swedish style single wheel '
v) U.K. body pattern modified for large diameter single wheel.

The types of wheel used have included emall cycle wheels, scooter wheels,
motoréycle wheels, wheels with s0lid rubber tyres and all-metal wheels,
running on wooden' planks, beaten earth, or steel pipe. Load’ capacity has!
varied from 60—200kg. Generally" all-metdl constructicon 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 constructien 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 200m. Generally : -
prneumatic tyred single wheel barrows are to be preferred. Some of the reasons
for this choice are as follows., It is seldom p0531b1e to obtain & completely
smooth running surface, and pneumatic tyres cause congsiderably less strain-
for the hauler than the steel or solid rubber type. A good wheel is an
expensive item and has to be fairly heavily made to withstand the working
conditions, therefore the fact that a single wheel barrow ie llghter and
cheaper than a two wheel barrow is a significant point. For the fange 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 iwo wheels, Prepayation of barrow runs is also
simplified for single wheel barrows. For hauls longer than 100m a large
diameter wheel and greater load capacity as exemplified by the Chinese
style barrow is most effective, providing gradients are minimal. Particular
circumstances can -lead to alternative choices, it should be noted. For
example, very good results have been aohieved with a metal wheel running on :
a gingle steel tube rail, and where the position of a haul route does mot 5
have,to change frequently this system could be most economical. As another 5
‘-example, for winching heavy loads up long steep alopes the better atability !
-of a F;o wheel barrow mjght well be essential. o
Refererices 5
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f{)b L ' 51 9 Second Diecuesion Period _ _lt_, . : : o 'n g

- _5The diecuasion centgeqton the euitability of ounrent: bicycle deeigne to the f

. needs of -developing -countriess in the U.X. the cost of a bicycle is. w2

. approximatelv ‘one week's wages, but for most pecple in develoPing countrles J

B 1t\repreeents several months! "earnings. It was suggested that there is a- :

.. needto develop bicycle designs which could be locally manufactured by.
. small scale enterprises at a low unit cost, utilising imported materials
.1 and components only when suitable substitutes are not locally’ ‘available.
' It was ndted that, in additiomto the activity outlined in Mr, Wilson's
R S . paper work is. in progreee, ‘under the direction of Messrs. Franchl and’
— : Vegoda, on-a new bicycle design which might meet many of -these criteria,
.. 7 = . and which would Tequire only a ve 1imited number of’ ifiported components.
: . Participants were cautioned that it is dangerous to assume that all
s .. . developing countries have the same requirements since conditions, and the
o\ S f\'availability of skills and- reeources, vary greatly from one place to another.
4 - <
The diecueeion moved on briefly to the methode by which ideae could be
transmitted to areas of need., It was noted that ITDG. 1s able to work
, effeectively with industrialists in this capacity through 1ts two
 subeidiaries, ‘the Industrial Liaison Unit and Development Technlquee LTtde,
" . who have already undertaken a. number of eucoeeeful proaecte where such
-collaboration was involved. v -
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2.1 Paper 6: Small Warm Vehicle
by R. Wijewardene _
International Institute of Txppical ﬁgricultﬁie, Nigeria

f + o muy - N
\Th £ T i

is summary Ol LUr. ¥ wardensts pre

ijéna*uuuu presentatio 1elud _ m
and slide series, and the subsequent discussion has been prepared by |,

"the editors.)

n, which ine

Dr. Wijewardene's presentation described the development, some aix years
ago, of a Small Farm Vehicle (s.P.V.}., The work began with a survey carried
out in Malaysia, which showed that between 70 and 80% of the population
were engaged in agrieultural activity, and that something of the order of
70% of that activity involved transport. It therefore appeared that

: ~appropriate desigps of self-moving vehicles for agriculiural use were of
the utmost importance and could have far reaching effects for a substantial
proportion of the population. The conventional farm tractors were ot

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

- . b . .

The approach which was adopted was to define the peak labour dé@ands
involved in tropical agriculture and to apply modern technology to those
demands. The technology had to be of simple form in order to make it beth
accessible and attractive to the farmers. The result of this work was the
5.F.V. The design requirements for the vehicle were that -

i) it should eell for no more than USy I500 (1971 prices);
ii) it should be able to negotiate ditches amd swamps;
o 111} it should have a high level of manoeuvrability;
'! . .~ iv) a number of implements could easily be attached;
v} it could be used as as basic transport vehicle,

'i; . The design that évolred had °four-wheel-drive, each wheel being independently
- ’ driven. This enabled steering to be achieved simply by differential wheel
- 1 gpeeds, thus allowing very high manceuvrability with a minimum of mechanical

4~ -components. ‘Power was provided from an TIkw petrol engine which was also -
o successfully operated on methanecl, thereby removing the necesaity for an
ignition system. ' | '
' : 2 : : 1
The vehicle had a re-inforced plastic/plywood sandwich shell which formed
an integral bodyfchaagia. A modern image was presented in order to make
the vehicle compatibl® with current aufomotive designs. This was considered
necessary so that farmers would not consider that they‘were buying a
second-¢lass prqdpdfthile the urban dweller got the-best, Very low
pressure (0.I6kg/sq. ¢m.)- balloon section tyres were used so that ditches
and swamps could be negotiated, and this proved to be very successful.
However thé latest thinking is that better performance can be achieved -
using very large diameter tyres with special treads which cut a track
through the soft mud to bite on the harder ground below.

o




Work is ourrently centred on producing a viaﬁ!ﬁsiZebtrJoally pouered
vehicle, but there 1acpt111 a considerable amount of further .
development required before such a devjce becomes Aa practical farming

machlne. : C

Discussion i B o R : ) L T

In the discussion that followed various points were raised relating to., -

tyres and wheela. It was stated that a further advantage of- large diameter

wheels was that it was easier to negotlate rough ground both because

of the angle of the tyre to obstacles, and because of the greater ground

‘clearance which could be achieved._

In discussing the power requiremente'offagricultural activities, Dr.:
‘Wijewardene stated that many of the ploughing tasks could be eliminated
by greater use of mulching. Were this to be done then total vehicle
power requirements could be substantlally reduced (perhaps to hkw)
since it is the ploughing operation which uses the moast power:. This

o approach -would greatly increase the utility of two~wheeled tractors

. _' o driving a variety of implements. f

Tllustratlone (following paga)

Flgure_I %howa the S.F.V. with the sedat removed. The engine, body/chaeels -
unit and parts of the. tranemission evstem oan be seen...

Figure 2. Shows the S.F. being ueed as a. transporter.

e

1

gures 3 & L. Show the S F. V. performing agricnltural Operationa with .
1mp1éments attached. 5 -

- .
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2, 2 Paper T: SNATI. Tranaport SRR ‘
by C. CrOSEIey, J. Kilgour & J. Morrla
National College of Agricultural Engineerlng, Silsoe

Technical Considerat1ons . - L

. The SNAIL is a simple tractive device deeigned fqr manufacture and use
in developing countries, One of the problems facing many farmera is the)
need to cultivate the soil at the end of the dry season to allow ‘the
planting of crops at the optimum time to obtdin a good yield at harvest
At the time of the year the farmer wishes to do the cdultivation the soi
is very hard .and neither hand nor animal techniquee dre véry effectj vejy
80 the farmer: usually, waits until the first rains. This results in .a lg

'planting ‘date, leadiﬂg to reduced. yields, The farmer doea not have a - :
large enough holding to be able to afford or use effectively a convent onal
tractor. Attempts havé been made to provide a- smail tractor but for a | - »

' number of reasons thie is not technically feas:ble. A posaible aolutlo

i1s the SNAIL.

The SNATL cultivating ayatem coneists of a motoriaed*aelf-propelled winch
which can be anchored to the ground with a sprag. A modified ox-type
plough is pulled towards the -winch by a wire rope. Two men are. required,
orie to drive: the winch, the other to drive the’ ‘nlough.,: Theooperatlon is as
._-followa. The: implement is placed in ‘the field where cultivatlon is t
‘ gtart, the wire rope is attached and the winch is ariven AcToss the fiela
unwinding the rope. ‘When the rope is fully ‘extended or at thé end of the
field the driver disengages the wheels and engages the winch-drive’,/As
soon as the rope.starts fo wind in, the aprag enters the ground ‘anchoring
the winch firmly. When ‘the implement is pulled up to the winch the [drive
is.-disconnected and the wingh-le driven off again unwinding ‘the rope to
start the next cycle. In this way it {s possible to use a small en';ne to
- pull a large load without the problems of wheel Bllp and we ght fgr '
traction, ? : / :

:_-—"

h numhpr of prototype machinea working on this prlnc‘p1e have beén bu11t
and teated :in Malawi under an ODM Résearkh Scheme (Refs. I&2)/An . -

j;._economic sfudy. was fhade in IB?S (Ref. 3). This ehowed that the/machine is
. technically capable of primary and secondary cultlvation of B.I Ha

" holding (2@ acres).but economically less attractive with the/particular
design due to the - hign estima ed productiog costs at the time.
. | i

By re-arranging the componente and adding a pair of wheele and a box the
" machine cah.be’ made into a self-propelled trailer. The trafler ‘body is

I ,7700mmn . lcng, 1000mn wide and 4BOmm high, It is fitted with two L0O'x 8
" tyres and is capable of carrying a 300kg payload at a maximum travel epeed

on the flqt of T.2k.pah. (Fig. ). At full engine power o? a hard’ eurface )
1t can negotlate a I in 3 5 slope. .

&5

Smallholder farming systeme vary o suit “the natural conditione as do the _
yields h&t the farmer can Pxpect. Such a machine is most 1ikely to be -
intrediced in the goverriment development areas. where marketing, credit
._and exteneion facilities are’ available. Three major farming situations have

"
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Leen selected for the purpose’ of evaluating the appropriateness of ‘the
SNATL system (same situations &s used in Ref: 3) as a transpori device,
Tag}e I shows the area under the principal crops in theae-situﬁﬁiqns. o
Table 2 shows the quantities to be, transported in kg/ha for the'p,inc%pal.g
_erops. The ‘quantities to bs transported before harvest are small and are
igﬁbreﬁ~in'thg following analysis. It is assumed that the farmers will
"wish to transport all the yield to market, [ N

The transport distances can vary considerably depending on -the distance

between the garden and the household; where it i's assumed cleaning, '

processing and storage takes place, resulting in an average 33%% loss in

‘welght; and between thé household and the local market where the erop’

‘i3 sold. Of the range of distances gquoted for the land devel pment areas

a distance of 0,8km from garden. to household (7.6xm return journey) and

6.4km from household to market (I2.8lkm return journey) has been taken for

Sa - ‘the analysis. The: travel -speed of the transport has been taken at 3.6k.p.h.
: _ (half the maximum) to allow for loading -and unloading twice and unknown

© S—em—gdelays. The fuel consump?ion_haa been. calculated on the basis that the

‘engine is working at 50% of maximum power {de-rated for Lilongwe altitude _
and ambient temperature) and for the particular engine used is 0.58kg/hr.

o " Table 3 shows the transport requirement for the crop harvest for garden to
' “household and household to market, The number of hours taken and the fuel.
._ ‘used is quoted for the taverage' yield and fgr—thé='best' yield expected
- by the more progressive farmers, T

ot
-

The harvest time I's at the end of the rains and for the crdps listed

oecurs during March, April and May, the precise time depending_oﬁ“the .
timing, duration and intensity of the raing for the particular year. ‘Fhere
is a considerable labour peak at this time of year and in_the three cases:

' considered often a labour defidit- (Ref 3). This will probably mean that
some of the crop will be harvested late and consequently be of lower value. .
or lost entirely. In the worst situation®the farmer will have to spend about
six days on crop transpdrtr from’ the garden to the household, With head
porterage as the major transport method, transporting decounts for a large -
proportion ‘of the tetal harvesting labour requifément. Since a reasonable

- _head load is 10-20kg for a long-distance and 49-50kg for-a short distance .’

« -, with e maximum travel speed of lj.8k.p.h. this will take the one man -
‘apnroximitely eight. times longer than SNAIL transport from gardgn to
household; Using the SNAIL teansport system may well avoid the labour

.  deffecit at this time, sv enabling all the crop to be harvested at’ the
. optimum time. - Y - T

% o . : .

B Trangport from the household to the.market takes considerably longer, even
. though the quantities of the final product are less, due to the longer
" distances involved. This is likely to take place during the early part of’
.. the dry seadon when there is little or no work to do on the lénd, so it
.would seem that up to thirty days taken on tranaport would not present a
time problem, This isc-the time of year when people travel .socially so this
adt%vity may not be considered as juat a chore. ' g . '

& ot W . R b . . R
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_1nfrestructure. Where lmproved transport servicé

From this simple analyeis 1t would ‘seem’ that the SNAIL trensport eyetem o
oould be technioally sat1sfactory for these situat1ons.'-'

R

Economle Cone1de:|:'s|.tJLone‘¥ < B fj;f':h_.“

) R YA . (}

Generally, transport and oommunlcations are(to
+in. developing countries. For the peasant farme
marketing produce is often eeriously conatraine

postly ‘and problemstlc L
troceselng inpute and =
by inadequate transpo;t B
{are available, they

are: often prohibitively expensdve. Accordi gly, gifallholder sgrlcultural
‘schemes emphaeiee the importance of impr ing rural transport facilities,

At present in Mslawl, feet, bicycles, ox-certe and buses prov1de the main,
methods of transport for smallholders (Hefs.eﬁ 6.& 7). Smallholder ehaﬂd'
spending on transport s low,” “gccouniting for an average G% of farm
expenditiire (K1 per holding in I968) (Ref. 8) and, as mentioned earlier,
most transporting of marketable produce in Mglawi is performed post |
harvest by low. opportunity cost. Jlabour. One, recent smallholder transport.

~_survey (Ref. L) estimated that" ‘of householde;s selling produce outside’’

- the area under consideration, T, canyied iﬁﬂbv foot and I3% by bioyole.

u

Estlmating costs - for alternati?e smallholder transport methods 1n '- %

. deyeloping countries is difficult both becauee few such transport o{ﬂaiee_'iiz

_always lend themsel s to.conventional costing gxercises, . partlculerly L"j

'ﬂof the transport system.

have been attempted and because smallholder transport methods’ do'n

where otherwise unemp yed family 1abour repreeents the msjor component

o

Costs of transport vary conslderably hetween bommodity typea, transport“_

‘methods and .distances covered. The figures of‘a 1972 survey showed tHe

costs of head porterage in Malawi Tanging from X0.18 to K10.19 per tonne
kilometre over distances ranging from” 0.4km to: -6, Lkm, average 2. 6km,
‘Average ox-cart distances were 2km., the greatest distance. being likm. and-

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

| - conveyance. At present however, only 5%
. oxen.'

‘In recent years, the smallholder agriculthral developmept schemes,"

cqp51dered to have the cost advantage over distantes greater than L. Bkm,
costs per, tonne kilometre being X0O. 55, Qver short hauls of I. 6km pick=-up

truck costs were equivalent to K3.23 per ‘tonne kilometre. Obser71ng the

1ncreasing popularity of. ox-carts which are relatively inexpensive to C
purchase and have negligible opereting costs), -the survey considered. that -
ox trensport ‘would take over a8’ the: most/important short haul  mode . of.

T, Malawi farﬁkre -possess work

-'.ﬁ ’ e

. Tecognising the importanoe of readily available transpo . in éncouraging .-ff"

farmer marketing response, ‘have provided: tra.ctor/trs.ileT traneport to o
‘peasant farmers at various levels of subsidisation:. For-example, Lllongwe-”’”

- Land Development Programme, Central Malawi, collecta andhcarts to market
. the produce of those farmers who participate in the scheme s credit

packages. The charge for trensﬂort, at K0,30 per bag for maize (equivalentJ

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

 with charges for geeds, sprays,. fertilisers and ‘eredit, from the farmer's o

'revenue at. the polnt of . delivery to market. fl S o __’ff”“

’ . - : . \ I




i The SNATT, fransport method is considered to offer an nlternafive L
Y transport mode for short to medium (6.5km) disjanee‘hauls. Engine powered R
K transport devicea, however small, _aTe-expénaive to purchase and operate. " '

_ \ A major advantage of ' the SNAIT, transport system is that because the power *

LY unit is primarily used as a ¢ultivation device, the major part of the

1 annual fixed costs are attributable to field work activities. The multi-
‘ | - purpose aspect of the machine allows fixed costs to be spread amongst
| different overations. The [ixed cost propertion absorbed by transport _ .

. activities will depend on the. relative importance, in terms of annmal Co

i  working hours, of the transport artivrty. In the farm situations quoted
earlier it is egtimated that the fixed cost percentage allocated to _ :
transport is of the order of 20-30% , T

SNAIL Posts

The estlmated purchase price of a ‘SMAIL manufactured in Malawl (1975) is
K1500, Assuming a’life of five years the anmial fixed costs of ownership -
are estimated at KL10., The hourly operating costs of repairs and
maintenance, fuel and oil total K0.87, excluding labour. Working its
annual maximum of B.I hectares involves SNAIL-in an estimated 600-700
cperating hours. The. time spent on transport i§ considered as a fraction

of this latter figure ‘to derive a share ‘of fixed costs attributable to
: transport.--

4 ) . ) . : . . -
i ol . ~

An examlnatlon of the costs of SNAIL transport (Table h) reveals an
appro imate cost of K3 per . tonne kilometre excluding labour. Relative

- to jexisting alternatives, particilarty-the use of ox-carts, the GNAIL
appears expensive. The major reasons for the ‘machine's high costs are
its considerable annual fixed costs (KhOO compared with K80 for a
comp]ete oxen-and eduipment team) and its slow rate of work (capac1ty X
speed} relative to.other motorlsed transport\forms. In examlnlng farmer

L

transport requlrements, exampl s are based on™8:1 hectare holdlngs, as,
this represents the igesonal capacity of the SN IL cultivation device.’ _
In many developing coyntries average holdings are much smaller than this. . &
In Malawi average holdfﬁg size is T.52 hectares, only 2% of holdlngs

‘being above 5 hectares." 1On. small holdings the SNAIL devicer is’ dlfflcult '

.;to dustlfy, uhe coats o ownership and use being prohlbltlvély hlgh.

Using bNAIL in fhe transport mdﬂe 28 a substitute for head : porterage
considerably reduces the labour \requirement for harvesting and markerlng
5;ansoortat10n. Tniproving labo productivity and easing labour bottlenecks
during the harvesting period can be particularly important.in reallsing
the potential yield increases ggpm better inputs and husbandry practlogs S :
during the production year. In M laul, ale to the-marked unimodal T
rainfall distribution, the farml g calendar is characterised by a period’
of intense agricultural act1v1tkaNovember—Apr1l) after which®crops are
marketed during the subseguent d period. Durlng this latter period,
labour is underemployed and has very little opportunity cost dand no _
. . premium for tipely marketing is. offered to farmers. Generally, transport -
o "o market proceeds at a leisurely jpace. Where double crophing is possible,’
Ce _however,. and the 0pﬁortun1ty cost of employlng labour in transportatlon




-

'ia con51derab1e, the SNAIL dev1ce could prove a valuable transport asset, D
particularly where farmers areir93§rded for tlmely marketlng. In a. similar .=
vein, where -the opportunlty costs of keéping oxen on the land are. hlgh,

' the use of a small, engine powered device such as SNAIL beoomes more

u attract1ve._f S o - N
Tt 15 in 51tuat10hs where the hidden costs of traaltlonal hand or anlmal A
powered transport ‘technology are high that. small, englne-powered '
S - transport dev1ces prove. most beneflcial. ' -
’ A ReferenCEs.' ) . o i . v
1. CROSSLEY, C.P, and J KILGOUR. - The SNAIL in Mé.la.wi. eri“a‘,:CroEs, 197k,
: 26 (u), 170-2. : - _
2. CROSSLEY,‘'C- P, KILGOUR J, and T B MUCKLE. Low-cost prlmary cultivation, _
" 'National College of” Agr10uf%q;a1 Engineering, OccaSIonal Paper No. I. | o
- 811309,1973(NCAE) R - o
S 3. MOHRIS J. A flnanclal -economfic fea31b111ty study of SNAIL in Malawf o
. 1975 (N.C.4.E.). . - .
S L. CANON. Agrlcultural produce tranSportation survey. Chakwawa gotton ~°*
ﬂ;fﬁ'_; o S .Development Programme, Malawi, I97L. _ _ .
ARRERI ':E,I”AGBO-ECONOMIC SURVEYS, The town markets of Liiongwe. Agro-Economlc _ :/ e
' o ‘Surveys Report No. 4. Malawl, I97h . -. ; T
o ‘6..__' AGRO-ECONOMIC SURVEYS and NATIONAL STATISTICAL OFFICE. Zomba town market e
Sl ~ . survey I970~ I971. Malawi, 1971. e _ . ) . , -
" »+" 7. AGRO-ECONOMIC SURVEYS. Marketing of’ smallholder produce in’ Malawl. . T
EARE R .AgroLEconomlc Surveys Heport No, I6. <Ma1aw1, 1975, : _ : |
-.*5;1 o :8;; NATIONAL STATISTICAL OFFICE. National sample survey of agrloulture 68/69. «
. o Malaw1, I970H~(Nat10na1 Statlstlcal Offlce _ . I
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Table 3: m Transport wmncnﬂmsmme Louoﬁ,mmu<mm&. »
3.1 M Lilongwe (8.1 Ha. :ouawnmu :
- : ' £
Crop/Ha I Garden Number of | Total Fuel House “| Number of | Tetal Fyel -
o ! to ’ Hours o to T Hours
Household Journeys Distance Litres Market | Journeys Distance Litres
" Kg. km., . kg, km :
Av. 6127 20. "3 8.9 6.5 Lo86 | . . 1k 179 bo. 7| 36
Maize L . S
4.05 Best ||- 17018 57 91.2 25,3 18.25 11061 | 38 186 135 97.8
Groundnuts ' e . —
1,62 Best 2339 m__ 12.8 3.6 2,6 O 11 2t o T SR m_r 17.8 1 12.8
. av. [P 1389 5 8 2,2 1.6 907 3 38 10,6 1.7
Tobacco : - :
1,62 Best 5Li6 18 28.8 a 5.77 3630 12 1she 43 3 4
. Av. L3 2 T 3.2 0.9 0,62 36l 2 26 & 7.2 5.25
Pulses . :
0.81 Best 679 3 L.8 1.3 0.94 L5 2 26 7.2t .6.29
Av. - 13.8 10.02 78 £6.5
Totals [ a——
Best . 38.2 27.5 203 146.,8




 Table 3 (Cont.):

3.2 Chikwawa Cotton Farm (8.1 Hectare holding)
Crop/Ha Garden- Number of | Total a . =ﬁ¢mH House znacmH.ow Tatal M Fuel
to . . Hours . . - to. |, -t Hours .
Household | Journeys Distance Litres ‘Market. Journeys | Distance : Litres
kg.- _ : Ym. | B . kg. ” km. .
3 Av,’ 3676 12 9.2 Amxm.w 3.8k 2y52 8 102.4 28.4 20.6
Maize T . . .
2.h3 Best || 10211 34 Sh.l 15 10.87 6808 23 |. 29h.h 81.8 £9.3
Av., 107 7 1.6 0.4h] 0.32 72 1 ._ 12,8 3.6 2.61
| Groundnuts . —— T _ — .
[ 0.16 Best 231 1 1.6 0.4L} 0.32 15k L 12.8 3.6 2,61
av. || ~8170 27 3.2 L1z | 8.7 5ub3 18 1 230.h | 6k L6.L
Cotton - - _ - — :
L.86 Best || 13063 \ . hly . .qo.r Aw.m ..._r.._ m._rm . 30 ;wmr 106,7 T7.3:
Av, | ) _
Sorghum#* - -
0.65  Best ’ N M_
U i —
Ay. 17.7u[12.86 || - 96 £9.6
Totals —
Best 3L.94125.2 192 139.2
#* wcwmwm&mmnm cTrop
! 7




" Fable 3 (Cont,):

Karonga Rize Farm (8.1 Hectare holding)

3.3
.awov\mm\ Garden 2¢Evmﬂ of | Total wSWH mowwmr. Zﬁammu of | Total Fuel
- to . Heurs w to . Hours | ~
Household | Journeys Distance Litres Market | Journeys dwm&m:om Litres
. kg. km. _ kg, _ ~km, '
AV. 1225 L 6.4 1.8 1.3 817 3 38.4 10.7 T.76 °
Maize _ , : - _
S Sis T2 3.2 | o0.89] 0.6k 364 1 12.8 3.6 2.6
Pulses . : —
.81  Best 679 3 . LB 1.3 0.9L Lsh 2 25.6 7.1 c.1%
Av. 9800 33 52.8 0.7 10,65 6540 22 | 281.6 78,2 56,7
Rice : - — - — |
5.3  Best i 26733 89 1230 39.6 28.7 17819 59 755.2 209.8 | 152.1
Av.
Cassavax .
1,2 Best ’
Av, . 17,39 | .12.01 92.5 mﬁLoa
Totals - _
Best o he, 8 33.2 - ¥ - 2hE,3 177.8

* Subsistence crop




f“!{L3ii.-2'3: Papar-aﬁ The TRANTOR and the Cellular Production System for Indigenous
S - Vehicle Manufacture -

.- . : b
’ by G.A.B. Edwards : . : . T
T Trantor In+ernationa1 Ltd. T . f;\' o iﬁ

Part I. The TRANTOH Project ‘28" an Induetrialisation Package
General Strategy ' ." T ,"'l'"; ' ; .

The TRANTOE is a general purnose work vehicle and it has been. designed and .
built in PBritain. It enters a market which is currently” satisfied by the-.
e makers of tractors, Land ‘Rover-type vehicles and 1orr£es dnd trucks up to - - .
o about, 8 tonnes. The combined world population -and future market for all the
P vehic) es in these categories produced by Maeeey—Ferguson, Toyota, General
e _Motors, Piat, Ford and othere is so large that by obtaining. 1%;of the. market.
. :"the TRANTOR.project vould achieve great sycceea. For example,=800 OOO tractors
o are produoed and eold each year.-'_ 1 o - M -

<' ’ ' : oo

o -

j_iThe product is particularly noteworthy becguee of rte wide.range of general
" uses and our policy is to .ensure that an appropriate TRANTOR is seen,. teated
B and thoroughly examined in each of the countries and regions,; of the world
-y, . where production may be established or the vehic¢le used, If a country is g
o _beginning to esxablieh its own.motor vehiole 1nduatry then TRANTOR s :
S . manufacturing and assembly ‘ought to, be. dnclﬂded in the most basic needs of
- WE 47 -the nation concerned because of its use as a car, tracter, truck and lorry. -
- ° ‘TRANTORS .plough and take the full range of farming equipmert. The trajling |
‘capacity is TO topnes with unbalanced trailers,’ affd the -vehicle, ‘which has
an integral safety cab, ¢an cruise at 80 k.p.h, TRANTORS dperating as rural

R | buses, with appropriate trailers, can carry up to thirty people.,They,inolude
PR ,Category 2 tractor 1inkege equipment.-u' ' . :
. 0 “ ' . ’
_ -.di Do © The primary aim of the TRANTOH proaect is to provide all countriea of the_'
h .'-O o _'__;:-'_worl with & motor industry which they will largely own and operate and

-~ which \will satisfy the home market and provide an export potential. Because - -
% TRANTOR gan act as passenger cars, trucks and tractors, the project helps
' ~the. developing country conserve its scarce capital resources. It ‘allows.
.-_.such nations to use their limited resources in ‘Other moye productive oo
i investments élsewhere - for example, the vast. range of agricultural equipment 'Lj
o " " needed for efficient food production. The atiractiona of the TRANTOR progect '
o o developrng nations also extend 1o the minimisation- of use of foreign
Y. ., &, currency reserves because TRANTORS, are designed to be manufecturod, not just
s ‘assembled in’ the country concerned. A further basic principle is the. way in
_which the TRANTOR project can be used’ to\extend the range and increase the
rate f 1nduetrialiaation by teaching, in a specially designed training school,
1#1 e range of skilla- reguired, which include painting, welding, drilling, -
ng, turning, grinding and boring. : o '

-

RS Polivy for a Collaborative Aeeocihtion l_ P .
_ “”,When entering negotiations in a 'new' country, collaboratioﬁ with Britain
s - usually begins £rom government agencies, private manufacturing. and [selling

'.:bu91neesee, bueiness coneultanta,\development authorities, agricultural and
3.- R




. : ’ . . - E ‘.l t :
o transport epecialleta and those currently worklng 1n motor and agric” tufel -
L <L englneerlng. : - St '
g o : . S L]
In a}lﬂoases 1t is important to. St S T R T -*H‘ _ﬁ
U 4) make’ arrangements for a vehicle o be: hired or so6ld for demonstration . 1'q
R @nd test under local conditions ' o o I
;;i\ ' i) chnduct feasibility studies concerning the potential in home and
e ‘. nelgnoourlng export markets; the skills available to build TRANTORS . - _‘
o ' . and to "asgsess the rate.and the stage by stage process of factory T ]
"f;*- ' L bullding (i.e. assembly, menufacturing of chassis, simple skill working, |
IR P complex skill working) 1t is necessary -also to aassess the various details
T, of the produect design which would best satisfy the market. Various :
o G ‘alternative component supply: sources, with coats delivered to site
R T L need to be considered. Factory location, land availabilit4y and plans R
PR _ el -for after-sales service all need to be examined as part of the R
IR R feﬂeibilltv studies. : o '
"'ﬁ. . : " N . ; . h B
: ' Our organieation of rs this whole service, ﬁrom its Aechnical staff led by
Stuart Taylor, TRANTOR's designer, through to its work organlsation {Group -
. Technology) consultants 184 by Dr. Pierre Schmitt of France. The work of theee

. - consultants is well kriown in the field of work organieat1on. Qur consul tants .
4., .* .. have been pieneers in this pew field of work groups and have advised, amongst
N 4 others, Platt. (Saco-Lowell), Dunlop, British Oxygen, Knorr-Bremse, Ferrantl, '
4% - Rank” Xerox,and Tube Investments {Matrix). Our advisory work has always
- i . concerned %he way in which these large, . 1abour-1nten31ye firms. should develop

" in future’to increase their. pﬂbductivity. itiprove their! 'delivery, reduce their

work-in-ﬁ;Bgress and develop their management and labour relatione etyle to

_ meet the needs and changee of the day. : . LT T s

L]

n

S _ Our whole policy ie to- offer a complete tuznykey Operation for any coﬁntry
e T _wishing to have its own’ ‘motor vehicle induetry based partly or wholly T
-even firetly on TRANTORS. The following information is avatlable' SR

';jj_ L " I2 minute colour film of £he TRANTOR vehicle -

27 A coldur- brochure in Englieh, French and Arabic L,

S 3 A TRANTOR product gpecification ' T
B (O . An outline proposal for detting up; THANTGH-fectories 5 '
T ””ﬂ~j.f;5 A list ‘of bought<out componente with detailed part gpecificatuon (Many

S _ _ alternatlve engines, electrrcal equipment and general: bought-out parts Ll .
TR B - are available from many. different’ countries) - __,_;_ .

I 6 A minimum building specification L R :
O e 7 The fixed capitil equipment reeded-to make: THANTORS at_ about 20. per week
o4 8 " The traifiing school equipment needed for full and complete tralning 1n -
IR N '? TRANTOR manufacturing and assembly _ s -
; 9~ A dralt legal contrabt/letter of intent in respect of the factory .

s " s 'L proposal’ - :
IR IO ‘A suggested stage bg stage process leading from THﬁNTQR aesembly and
sl chaqs1e manufacture to complete manufacture over a. range of different
'r"--d,.g . periode from one to five yeare (Appendif I)

: . -.__.'q

j;' In addition there 13 a ecale model of the plant, designed for ngeria, uhich




A ﬁq@nfbe'sgen-af;our‘Stpckpbrt'(hk)'officés. A1l drawings, jig and tool~ desién
" and ‘special- fixture drawitigs can be seen ai Stéckport.: Production-vehicles
began to be' produced in January I977 and can be seen in the course of ‘.. .
censtruction. Twelve prototypes -can be vigwpd in different applications, Of"
particular.intérest are the TRANToR.ashéﬁEig Froups, the rear akle sub-

assemhly group -and the transmission work g ;48 well as chasals manufacture
and panel agsembly. ' “ R &

pupy
'ti'._* Y

" . " Part 2. Thefﬁesign-gnd‘y%gufactu:ing_sgrgtegy

- a

AN ! 5 CLR

AR “r
J i"_“'?-‘}%q_"__.-' T

The TRANTOR project conduct&d firstly gt Manchester Universityyaqd-théqﬁft'g "
. . Bradford University Management Centre woncerhs a new ‘type of a@ricui@ﬁraLr

-transport and work vehicle, which is dégigned in a new way to embracée the

# . -

‘new kind oﬁ¥small group production system of manufacture and assembly. "An A
unusually_pfaetige-centred.Uni#eraifjanSGarch team led by the author oriéindteﬁg:
the project withW.3.H.  Taylor, TRANTOR's desugner, at UMIST, Manchesters s
The work conterned with the design of the,orggnisationﬁgf work was conducted |
by7Edwards and, Taylor with the assistance of the former's research team, which -

" received its support from the Science Research Couneil. , - - L ‘“

Sy - L0y

LThere'araifgo problems which p}evént;gg#eiopiﬁg cﬁﬁﬁtries from guccessfully
~ %.. producing their own vehicles and,.in geénerdl; they have, up to date, onty

-/ aapembled: such products. These,products which have been agsembled have uauq}ﬁy )

: been fundamentally designed fo¥: the’reguirements of -the westerngworld. The

reqiiremeént of the de fJoping'Egﬁgth@ﬁﬁ.home market invariablyihowever, is

for a more fuhctional,;hardét;ué&&ihg;ﬂmore-dugable.mreﬁugt‘;han?that designed.
— . for the west.éggp"apebd.qgg accelération may be important to: the market of
- the United States but it.’is: the ease with which a leaf spring can ‘be replaced
or ‘the strength of the frént' bumper.which are often more important to a
s develeping country. ‘A product ‘which is deaigned, for the environment of -the
. - - weéstern world'is also dé%igned do that it gan easily be produced within 7 .

A - relatively advanced western'production sys oo .. Vehicle products are usuallv.

' -

<. . made on a-maps production basis in large batched (manufacture) and on flow !
lines in assembly. Theéy are invariably built in large plants employing. '
several thouSand-people and they are “situated fn heavily “populated areas.
 Thése factories require enormous amounte. of capital investment before the
first production machine flows from the line .and they usually demand large
.« home markets and well-established servicing networks-to be economically
. successful. Developing dountries ate geheIallyJEhort of capital, for which
: ' . there are many competing demand . Developing countriés usually have smalle
centres of population and insufficient skilled and semi-skilled labour in one
o ‘centre to support a large plant. . . :

" Any regional development planning, which is Such a vital feature of planned
industrialisation, requires that small pockets of industrial factory practigce
be made available in region after region, The TRANTOR project is a serious '
attempt to design a nev product and a new kind of factory unit which considers -
regional planning, minimum capital, durable products elgges its fundamental
.constraints. We have tried io begin here at a new kind'of beginning for the
developing nations. . ' - L

The fundamental;specification of'the'prodpct was drawn up following a'twﬁ-year-_,
study by W.S5.H. Taylor of the transport requiremerits in agriculture and where
- . - 1 : . ' ot :

51;_:'
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tractors Are used in rural areas, for forestry and in other general work tasks.
The TRANTOR has been designed to carry out virtually all the tasks and .
 operate with the same attachments as the conventional agricultural tractor.
.. Tt can, however} be driven-light at speeds up to 90 k.p.h., and it can’
' ‘also haul: trailer loads of up/to 8 tonnes at speeds of S5 k.p.h. As stated
- earlier, it spans three markets, each of which is conventionally supplied = . -,
by a different product-and it, thérefore, competes against the agricultural .° -
. tractor, general purpoge vehicles (such as the land Rover)-and smell ~ -
L commercial siorries..The home market in aome developing countries may be small
_ for’any one of these three products but for. the TRANTOR that market size would . . -
" 'be considerably increased. The -muliti-purpose nature of the vehicle can °
" significantly reduce the capital cost to owners (individual or collective) a =
_ prﬁvquld.neeaaonly a TRANTOR instead of.a car, a lorry, a land Rover and a
... tractor,;TRANTORS are competitively priced and ¢ost a little more than the . -
' ~ conventional tractor of a similar horsepower. o .-

R

e . Bhe product design has-been.qarefully'considered'frbm'the'ﬁpint offgiew of . =
0, ~the economics of low quantity production (smallness) and the factory designs "
1.7 7 was a second but.vital step 'ih the same direction. There are, for example,:. . .
e -“fgﬁo_high]quantgyyﬂmaChintng'requirements for any of those parts which are ™ .-
giﬁa_g__ﬁ“ desigﬁed'spebiélqy for the TRANTOR and which would be manufactured in the. -
R ;_factpry.éklltpuChiparta can beé produced with simple, inexpensive capital )
Liov,, oo.equipment in the formlof‘sagily available simple machine todls and apegially .
L. i jdesigned Jigs and’tools. Whiéh ‘debigning. the production system for the THANTOR
R ,**itnwas:clea:_fhht“it7w0p§2/ﬁ§vqf3o be produced: economically in low- quantities |

" ‘and’ that each TRANTOR facfory would need:.to prove itp economic vidbility where.
_ ?uﬁ} the number of -employees would be‘about 100-150. At such a size theéautﬁut of
... %, each plant-1s.about; 1000 units g:r-year and .if the magket demand in.a L
e T -"pa?ticulgr'couﬁtry,ﬁorjrégioni.__comes.greater than this number it needs to
B <., be suff¥eiently viable_iﬁfitasuaage of capital and give sufficient returns .
+ i/ For.i% to.be possible to duplicate §h§ plant in another region of the oouhtjy&'
. '/,The vasic Ydea is'that the. plant.should be emall and efficient but clearly .
- 2 "tHerestriction of I8D to 150 persons could be adjusted to suit prevailing .
ol Ceirépmetances. The dedigmers of the factory are ly of the view that.the
7. ' cost and ease with which the factory can be controlled and managed are vital
s . to thd success of]the-ﬁenture‘and'hence the 4ncrease in employees has - . B
_#. " sonnotitiohs other-than those bf more production. .The fdea of the ‘small plant .
S ;.qf{ggp,othpr advantdges, such aé the coupling of a{terésalea-SQrvioe-directly_
SRR LO t e T _' : o - . P ) ’ ’

e factory. e : /
Ag a';ééult 6f'the_&éﬁiéjoﬁ to produce a small factory with the technoldgy
- © "designed to suit the economice of smallnees the capital required (fiked and
SRS __,wq:kingﬁ'bgfore the>first production machine .comes out of ‘the door is
.. l..... proportionately -reduced., The capital requirement is-further reduced o
"7 7 usifig only 'standard’, ‘off the shelf', machine tools’ throughout the whole ~ '
..-.* " plant and not relying éfi any expensive special-purpose machinery. * = ’ g‘_-'-:
O S S S ‘ T
It ia the design of the topling which i crucial to ‘the Auccess .of smallness 4
e .. -and our work group approach Tollows the prineciples of Group Technology. It is"
©® ., mecessary to begin to manufacture with a low 8kill reguirement~and im our . - R
T .;ﬂtTRANTDE.Tactory'each man needs only to-be trained to operate one'machiﬁ%;.ﬂ_. S
o -”S-:.before thgqblant-commanceg'oppratiog}'Ou: apécial tooling,'jiga an&'f;rturesi o
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"~ ‘inachine and widen his abilities and skill, . _ . R

e tolerances and material. -

-, fADDendix . '-1';-rv’_f‘i y

.-R covering 4,500 Bq.m. The training school, W

have ‘reduced the depth of skill ;
initial start-up training quinimised. This doee not prevent each
operator acquiring oaden.knowledge of several different machine tools °
because he is able, as “production gets under way. tO'move from-machine to

. T."' . 5

The . 1nevitable question must be aeked "howlcan a emall plant produce SL .
vehicular product competitive in price to: similar products mass-preduced at -
_ over twenty times the rate?" Tt is elear that ‘to machine componernts Jn‘batchee
of 40O per week is usually accepted as being cheaper per domponent thag T
‘machining in batchee of 20 per week. TRANTOR manufacture is organised on- a v
‘group technology ‘basise whicH ¢onsiders all the machined componenta in the,”

1.

plant Znd groups- them into families which have’ simller machining requirements,

Tt 18 then possible becauae’one is" deallng with groups of similar componente,_"
to .get up groups of] machine tools with associatéd jige, tools and fixtures

20" that the time. taken to change frop on# family member to another is virtually*?

‘the same as if they were the same componente. As each .family can contain
anythlngsup tq’fifty similar components, it is soon poesible ‘to substantially
_increase the effective batch size and;reduce the ¢ost. per component. Because
“the TRANTOR has been specifically deelgned for this type of mapufacture it has-
~ been.possible, at the component design stage, to congider the omponent family
nd to standardise on features common. in the family, euch as Hole diametere, .

The THANTOR prOJect may thpq be eaid to- offer an unconventiohal altg;native p
technology~Whose many aspects would prove useful in coping with the needs of

_ ubtriee in the third world. It does so by. gpombining ‘the most advanced 5
practicee in production 1th a belief in 's¢aling down' for eane of access
and control, and providing a product - that can meet the dpecial neéd.
charecteristica of” thoee who work and live in‘rural towns and villages.

e e
oL LT

A feature-of the TRANTOR project ie to: offer MANUFACTUBF, where most of the
skills lie, and assembly and the whole project {s geared to ‘the idea of

" assistirig a developjng country ‘in widening and extending its*skill base &r .
offering e:mple fitting skills .and simple ‘machining skills like drilling, but. ”;

-aleo offering. qkilled bofing and -precidien turning. In order to. satisfy this

‘ * dual; requlrement factoriea for TRANTORS come in a series of 'staged packagea"

with a tailor made trainfng -school ‘to weet the needs of each stage.. . The .whole
factory conslsts of ‘17 self<contained work groups each of which employs about
8 people.” Each work grolp has ‘its own particular skills, jigs, inspection
facilities, raw materials and machines. Each work group requires different .
training school eguipment and reeds a differ? nt time duration for training. -
A_developing country may ‘decide-to build the ¥hole factory (four stages) at
once, or to stagger them. over a few years. ;? order to build the complete :
s 9,000 8QMay, with the buildfngs-
ich is epecified 4o meet the
'requiremente of a particq}er factory, 1 ludes the capltal equipment for all
_four stages,‘and it too can comb in a eeri s of etages. . . :

factory of IT work groups, the land -required




_ M ¢ brief_descriptiqn of the four stageé_§f the factory is as follows:
< .\f?' . Work Groups Approx. Number
Ty ' : - of Workers
STAGE T ' Assembly of TRANTORS,  I7.16.18.7).
- chassis assembly, and 13.72,1IT.1I0, . _ 65
. : servicing_ef TRANTQRS' 9. ’
o STAGE;II;.:_Qhassis'mémber welding .
L ~asgembly;:-accurate e
welding assembly,’ 6.7.8. ' . 25
panel manufac¥ure .
STAGE TTI  Simple turning and, : |
’ drilling, profile e : .
cutting of plate, o 362,1. . 20
. ~ sawing, drilling T :
UL o stamping & bending
© (STAGE IV  Gear cutting & S e *
n hardening, precision = L.S..° - : © IS
, ™ machining. ' AR
- , : The TRANTOR
) PSS p
‘ SST /
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. of manoevrability (it can out-turn even a London.taxi);_apd the machine .
- offers-a low cost form of off-the-road transport with a‘fuel consumpiion

7_:fr0m_an of fget position, allowing a passeénger to be carried. It is

2.h' Paper'?i” Plaggioe Vehiclés'for.ﬁural TranSpdrf'ﬂ
_ - i

by K. Salt . . o L .. ca

3 . R _ Lo el : )
 Managing Director, Andrews Lawn Edgers Ltd.=(U.X. Agents, Piasgio -

<. Commercial Vahi cle 8,) . - . v s . _.i._. e a_(_ -

‘The Piaggio company was founded in Italy in 1884, specialising in the
cutfitting of ships. Over the years the company expanded in size and .
diversified into the manufacture’ of railway rolling stock and aeroplanes.
Following the disruption of the second world war the company” developed
the very sueccessful range of Vespa motor scooters. Soon af'ter thaemcooter

i - went into production the company introduced a three-wheeled van, the Vespa
~Commercial, derived from it, This vehicle quickly became an important

means of light transport in southern Italy, and from this beginning a o
de of threé-wheeled commercial vehicles have been evolved which, in .
addition to their popularity in scuthern Europe, are mow built under
licence and used in.a rumber of deéveloping countries, partieularly in
- Asia. Over 600,000 Vespa three=wheelers are now in daily -use in more than

twenty countries. . C L

The smallest &f the curreant range is the Ciao Porter, which is based on the .
rear end of a S0cc. Ciao moped, including the engine and transmission, but
with two Ackermann steered front wheels with a’cargo box mounted between *

- them. This machire has a payload of I00kg. At the other end of the. scmle _
is the Ape 'car' which has a 217cc. engine mounted between the rear wheels,
alcomfortable_cab with seating for two, and a payload of 600kg. . .

" Andrews Lawn Edgers Ltd. are now sole U.K. agents for Vespa Commercial

* Vehicles and are currently .importing two models. The VG200 (Fig I) has a ~ °!

single -cylinder 50cc. two-stroke. petrol engihe mounted between the rear
wheels, ‘and runs on a low-octane petrol and 2% o0il mixture, It has an: -
enclosed cab with central handlebar steering, and 13_évailqbleﬂuith.either_' .
pick-up or van bodywork., It is of very rugged construction, well-suited to

off-road use where its four speed gearbox enables it to climb a I In & -~
gradient, The three-wheeled layout. endows the vehicdle with a high degre® -

of dpproximately 35k.p.1. Tts payload is 200kg. Likely applicafiops of the-3 
‘vehicle are on parks, estates and-airflelds, and in warehouses and'factog}g€§

' The VC 600 (Fig 2) sharee the same basic layout as the VC 200 but is a . .
‘larger. vehicle with a I87cc. single cylinder two-stroke engine. Like the . , |
VO 200 it ip rugged, highly manoevrable, performs well in difficult off-road".
‘conditions and hes minimum maintemance requirement., It has:an enclosed cab
and & choice of steering by handlebar from a central position, or by wheel
available with either pick=-up or van bodywork and has a payload of 600kg.
Work is well advanced with getting this machiné certified for road use*,

o e, : . S “!"ﬁ\" e 7 o _/.'
. . ’ ) ' . /’.
* Homologation;certific&tibh-haé now been completed and the VC600 will
be available for licenced use from Juné 5§mmzds, s _ o
_ = o Al A irgl e _

[y .
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and in this mode it-has many applicatlons for use by tradesmen and local
delivery services. In addition to its manogvrability it offers low
purchase cost and minimal running costs since its fuel consumption is

up to 20k. +Pe 1. and servicing is both simple and cheap.

3

With the cost, of operating vehicles escalating: rapldly in the U.K. the
Andrews-Piaggio range of three-wheelers offer economical transport with
many-applicatlons. This feature, together with the simplicity of maintenance
and’ the ability to operate in off-road conditions suggest that- these vehicles
have many potential uses in -both urban and rural- areas of deve10p1ng
countries. _ T




.225'-Papef T0: The Contribution to be made by British Industry S
" by M. Coolev f;_~ . Ty .

: %enior Deaign Engineer. Luces AeroapaceoLtd., N
. and R. Fletcher . :

" 4

Principal Lecturer in Deeign, North-East London Polytechnic

(This is-a- aummaxy, prepared by the editors, of the Dreeentation by the
wo. aﬁﬁhkers) ' “i

«where ie in Britiah industry - continuing process of” mechaniaation whlch

”'-g often leads to the displacement of skilled pereonnel. Such people have = . . o

“up tb now been allowed no involvement in decisions as_ to what producte

their company ‘should make, or how'they should Ve manufactured. Within

the Lucas group of companies a committee was established with the aim of
achieying the right ‘of employees to work on aocian/{ useful products. An
assessment was made of the gkille available within-the 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

‘plah for the company which proposed a.number of poasible new products. _-ﬂ;;~
From this list of products aix were eeleeted for detalled analyeie and o
depign work. -

'One of these products is a hybrid vehicle'with potential applfcetions in .
.many developing countries, desjigned to run on:both normal metalled roadways
~and on steel rails, Thie requires a system of flange~lese guidance to
avoid the ‘weight and cost penalties of having two meparate wheel" ayatems
=this hae been the limitation of all previous road/rail vehicleé Using
_‘the expertise.available at Lucas in the fields of electronics, internal
_combustion engine performance and electric motors and generators, and in._ .-~
"'conaunction with North-East London Polytechnic, a I0-wheeled vehicle has
been - designed with, the following mejor features. Power is provided by an
internal combuetion engine with re-cycled exhauet, rugping at ceonstant
speed for maximum output” efficienoy. This drives a generator which feeds

a nower-pack. There is Ackermann steering on the front four wheels for
road use,; whilst 'in the rail mode guidance is achieved using the tread .

- forces in the tyres and a track-sensing mechanism actuating a steering _
servo, A prototype has been built and was succeesfully tested din early 1976 .
on ‘atandard ‘gauge: track ‘in Sussex.

The object of the vehicle is to provide a flexible means of traneport
producing a minimum of pellution without recourse to overhead transmission
- ¢ables -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 coets and required apecification of the track.




i
!

Countries Countrigs ’ , .
by R.P. Sikka : . ' : Lo

- _j

JMinistry of Shipping and 'Transpo¥t (Roads Wing), India *

L)

.. Almost -forty per cent‘of the population of Asia are living in conditions ’
- of -abasolute poverty, the majority* in rural areas. In order to/improve
this situation there is a atrong'emphasis_on integratedﬂ;urﬁi development
* in which transport plays an important role, - AR .

: . . /

- There are a number of ways in which rural transport can’be made more | G
efficient, these include; improvement of the ‘road inf;éatrﬁcture, S
introduction of new vehicles, ‘and design changes to existing vehicles to 7
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 preliminary findings. S /
The choice of suitable vehicle designs has to take account of the « .
prevailing conditions, of whiéh the most important are: :

) Approximately B7% of rural land holdings are less than five hectares
- in size, . B o >
- 1ii) Because of the size of the holgings_most farmers are engaged in
& subsistence agriculture and have very little marketable surplus.
~ As & result there ies no means of investing in mechanical equipment
- for either agricultural or transport purposes, o

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

- of the order of one to evéery 0.5-0.7 hectares.

Multi-purpose mechanised vehicles répresent -one possible design solution
_to the transport problem, there being numerous examples already available,
However their impact in developing countries has been gmall due. to high cost

(Usg2000+), heavy maintenance requirements, lack of workshop facilities or

limited applicatione beyond tramsport, and their general inability to.

negotiate unimproved road surfaces, These drawbacks havp led farmers to

prefer tubewells to power tillers. ' .
One well-tried solution to the problem of multi-purpose vehieles is the
tractor-trailer combination, These exist in the Philippines, India, Pakistan

c )

* Note: This paper expreséea the author's peraohal_vieﬁs.

5
.

) ! ) . : . . .
- iv)»Dra{;;animala are extensively employed on farms, availability being !

B
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(This paper was submitted but not presented’ by the author at the semifiax) - =
_ , the semifie; |




. . - . Lo . . . :
. . _-_ . - . .b

// and Laos’ where agriculture has been partially mechanised. The combinations
* ean be used for transport of both goods and passgengers in addition to
their on~farm functions,. As tractors are usually ‘only required for 3-i
. months of the year fof ploughing they can be released for transport functions
for mach of the remainder., This has the dual advantages of higher wehicle

- utilisation and a higher rate of return on the initial investment as rental o

can be charged for transport Operationa. ,
There is still. condiderable scope : for the exploitatlon of three wheeled
"vehicles (both méchanically powered and pedal driven)} both in terms of
design and in usage. Such vehiclea are currently used extensively in
India and Malaysia, many local debign adaptions having emerged’as a reault
of operating experisence over a number of yeara, Tt should be récognised '
‘that many of these local design variations are far from optimum solutions

" being often dictated by the availability of second-hand componenta and
local skills and equipment. Better deasigns more euited to. rugged conditions
could be advantageouely developed and ¢ould have considerable potential.
The popularity of such machines is due to their simple technology. and .
their relatively low initial cost. The travel range (10-20km. for pedal
power, L0-50km. for motor power) allows for most of the trips that are
likely to be undertaken from amallholdipga to market p01nts:

Animal drawn carts'are still likely to remain as the major meafs of rural
transport in many regioris of Asia despite a generally.improving economic
gituation, This is largely due to availability of hoth the draft animals -
and the carts, both of which represent a fixed cost to the farmer, Their

. use Yor transport therefore incurs no additional cost. In addition the
generally poor road conditiona, ebpecially in rainy weather, make it
impossible for any other vehicle to negotiate. the access roads or tracks
within the farms. As with three wheeled vehicles, design improvements could '
make a substantial difference to the overall efficiency of such carts, The

' main improvements that are reqiiréd are the substitution of wooden wheels
“by/ pneumatically tyred wheels, lighter axles, and better wheel bearings.

" However, unleas there is an economic advantage to the owner, such
improvements will not be undertaken, This has been demonstrated by varioua
_unsrccessful attempts by local authorities to improve the efficiency of
auch vehicles. - - :

;Whe;e farmers have etarted growing cash eropa, such as tobacco or eane sugar,
and i the road network hae been improved, efficiency has become more important

yith the result that improvepenta have been made in order to increase the

size of load that can be carried. There has however been. little attempt to

apply scientific pringiples to cart design. Such application could usefully

be made to most of the major features of the train; harness design, height

and construction of load platform,{type and number of axles, and number

and’ gize of wheels, .

y
: There is atill;much development work that can be undertaken. to improve the
- transgort capability of many of Asia's rural poor. Much of th¢ basis for

that develcpment already exists, the harfiware is still lacking

o

-
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"be based on local experience. It was gpnerally agreed that prototype
.. - vehicles must be extensively field tested prior to the design being
'\Afinallsed and the machine being mede available. :

![',; .. o . . - i . .
} : ' - : L :
Concluding'Diacussion L . : ) .

Th1a period was riecessarily short but prov1ded an opportunlty 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 demonstrated there was.not aluays
evidence of théir viability. The film which had been shown as part of the
SNAIL presentation was refreshing in that it had ‘deliberately identified

a number of the problems associated with the use of the prototype machine,
thus demonstratlng the dlfflculty of. produ01ng 31mp1e yet effective
hardware. . " .o

Dr. ngewardene s S.F.V., the TRANTOR and the -SNAIL all demonstrated- the
effort currently being directed towards multi-purpose vehicles and emphasised

‘the close link between .agriculture and transport. The development of such

vehicles was considered by many present to be of eritical importance, since

they offer the possibility of providing rural communities with both

1ncreased raturns from their agrlcultural activities and improved moblllty.
-

Technical developments aimed at improving the efficiency of animal

. transport were alsoc 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 1mproved vehicle design. The high initial - cot of
motorised vehicles is likely to remain an obastacle to their widespread
use in many rural communjties. in—thé foreseeable future. This problem
can be partially offget by communal ownership of vehicles or by providing
access to a vehicle ﬂool However such systems are difficult to. organise

_so that they meet the requirements of smallholders, and their establlshment

LY

may require governmeft assistance. . . : )

Clearly no single simple vehi cle will meet all the rural transport needs

of all developing countries, given the widely varying conditions which .exist.

The long-term objective should be to provide a choice cof vehicle 0ptlons ‘
covering the spectrum of transport needs. However a number of criteria- -
were defined which it was felt that vehicles designed for use in the rurs

areas of developing countries should meet. These were; minimised initial’’

cost; suitability for local manufacture utilising locally available:

materials and skills; longevity and ease of maintenance; efficient uwse of .
scarce, expensive and usually imported fuels; suitability for use on * = - -
existing tracks or low-cost roads, and applicablllty to 1nd1vidua1 farm
operations. Tt was also argued that vehigle design work should only be
undertaken following a thorough assessment and identification of real

trangport needs in a particular country or countries, and that this must

Dr. Howe, the Chalrman of the afternoon seassion, summed up by stating

that h&<considered that the main objectives-of the seminar had been:

achieved in enabling those present to become better acqiainted with one

another and with the work which each was undertaking. He expressed the

hope that theré would be continuing cross-fertilisation of ideas and that
individual pfforts would be aligned to larger programmes in order to _ ;
achieve the maximum effect. ‘ ' )

> - _.Tf 63
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The aeminar, which was organieed by the Transport Panel of the Intermediate.-a'
Technology Development Group, was attended by more than fifty people. The
‘vapers’ presented covered many aspects of the subject "simple vehicles for .
developln conntries” inclnding; vehicles presently in use and prototypes o
curren Ak -f?%ﬂsweloped; the role of transport in agriculturej the use
- of simple vehicles in labour~intensive construction,}manufaoturing :
;1 strategies for local production; and. the transport needs and economic

: constrainfs in the rural‘areas br-deve10ping countries. '

' Tﬁe ﬂhformal contributions made during open discussion emphasised that
efforts should be concentrated on identifying and developing vehicles
 which meet the real transport needs of ‘rural communities, and highlighted
the requirement for such vehicles to be. .economically appropriate, General’
consensus was reached on the criteria which should be met by vehicles 1ntendedff
. for use in developing countries, and-a number of aspects qflvehicli’design
- ‘were identified where further work woulg,he—efﬂpefflbular value,

________ e __--—-—‘ : . l . oy
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