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Preface by the IU3andUNCHS (Habitat) 

At present, the majority of people in developing corntries are not 
adequately served by transport systems. In rural areas, mt people 
live at a msiderable distance frun a cormmtimal road and, in spite of 
great efforts to develop rural road netmrks, there is little hope that 
anoptimalroaddensitywillbe reached in the foreseeable future. Hare- 
over, even in areas where settlements have access to roads, the eccmxnic 
wnditicms do not permit a large increase in the use of mnventimal 
motorized vehicles on an extended road net-k. 

Few people in developing countries can afford either to own or use a 
mventian;ilmotor vehicle, yettraditiomlmeans of transportareignor- 
ed by those resprmsible for the planning and development of transport 
in developing countries. Therefore, humn prterage is still the min way 
inwhichtheporrmvegoods innmnyareas, andagreatnurberofpersm- 
al trips are made on foot. Generally, the inadequacies of existing trans- 
port systems are a constraint on eammic and social development. 

It is bemning increasingly amemt that the amventional approach 
to local transport development cannot respond to the transport needs of 
mst of the lm-incme populaticn. Ammg various measures which would 
change the present situation , an importantoneis thewide-scalepram- 
tion of efficient low-cost forms of transportation. There is a range of 
these, both motorized and non-mtorized, found in different countries, 
and considerable potential for the transfer of technologies. There are 
also possibilities for improving traditimal designs. 

Itiswiththis inmind that the LzloanduNn-Is (I-hbitat)have init- 
iated the preparation of a series of te&nical memranda on low-cost 
vehicles. The purpose of these studies is to provide a simple guide to 
the design and mnufacture of these vehicles so that (a) the technology 
is made knmn to a wide audience, incltiing decisionmakers and planners 
who shouldbe aware ofthepotentialrangeofprovenlaw-costv&icles, 
and (b) producers are provided with information and guidelines on the 
design and manufacturing procedures which can be employed in various 
circwnstances and at different scales of prcAuctim. The seccnd technical 
mrmrandum in the series relates to 1 ow-mst motorized vehicles. 

It isoften suggested that apart fmhurm- and animl-Fred 
vehicles, the range of low-cost vehicles is limited; that the next step 
up the technological ladder fran a drmkey cart is a tractor and trailer 
or fran a wheelbarrow, a pick-up. This technical merrandm sets out to 
show that there is a large variety of low-cost matorized vehicles which 
provide an intermediate range. They provide an additional choice when 
distance and speed of travel limit the practicability of hmm+ or 
animal-Fred trans~rt. 

Theresearchonwhichthistechnical memrandufnisbasedhas shum 
that the number and diversity of lm+cmst mtorized means oftJ3nspXt 
are far greater than previously understood. Technologies are not easily 
transferred, not because they are inappropriate but because of lack of 
knmledge and effective channels of disseminatim. 

This mf3mrandm aims to bring the range of vehicles available to the 
attentim of planners and industrial development agencies. At the same 
time it provides detailed technical information on their design and 
mnufact~e in order to permit small-scale producers to manufacture them 
efficiently. 

This volumehasbeenprepared for the IU3andLNCHS (Habitat)by Ian 
Bane11 and Alan Snith of I.T. Transport Ltd., (United Kingdan). 



1.1 BKRzuIm 

Lack of transport is me of the less obvious, but none the less &or& 
ant, aspects of poverty. Many rural people, and the majority of the poor, 
live remte fran the mnventional road system and are likely to continue 
to do so. Few are able to afford to own, or often even use, conventional 
rmtor vehicles. A similar situation frequently exists in the major cities 
and the smaller urban centres of developing countries, where there is a 
shortage of servicestomeetthe needs for personalandgccds transport 
of many people. In recent years increasing interest has been shown in the 
potential of low-cost vehicles - i.e. those which are simpler, aml thus 
cheaper to purchase than conventional motor vehicles - to meet the need 
for passenger transport and the m3vement of goods. 

The mnplete range of lcw-cost vehicles includes bicycles and 
attachments to increase load-carrying capacity, and animal-drawn carts. 
Already, efforts are being made to further the use of these means of 
transport, particularly of animal&awn carts (in conjunction with the 
use of draught -1s in agriculture) to meet the need for nrlvement of 
gocdsin rural areas. 

While humn- and animl-pcrwered vehicles provide l-cost, and 
widely affordable, means of transport, their capacity is limited in terms 
of the cmbination of range and speed of travel, and the payload that can 
be moved. There is, therefore, scope for thegreater useoflow-mst 
motorized vehicles which are cheaper to purchase than conventional mtor 
vehicles. They can therefore meet transport needs which are beyond the 
scope of non-motorized methods, but at a lm capital cost and n-tore 
labour-intensively than conventional motor vehicles. L3+cmst motorized 
vehicles can be used to provide rural and urban transport services for 
the mvement of people and goods. 

A range of low-cost mtorized vehicles is already in use in 
different countries. However, the geographical scope of use of different 
types of low-cost motorized vehicle is limited; there are exarr@es of 
vehicles Which are extensively and successfully used in one country but 
which are not found elsewhere. In sam cases, this is because infrastruc- 
ral conditions are not right for their wider use, but often a major 
reason is that the technology is not well knmn, or no serious effort has 
been directed to its dissemination or adaptation. 

There are, therefore, a large number of omrtunities for the trans- 
fer of low-cost motor vehicle technologies to countries or regicm where 
they are not currently found, and for their intrcducticm in applications 
where theI* are not presently used. There is also considerable &mtential 
for local manufacture of low-cost motorized vehicles, particularly by 
smll- and medium-scale industries applying labour-intensive procedures. 
The increased use of lcw-cost motorized vehicles will stimulate rural and 
urban econanic development by: 

(i) meeting transport needs which are not being addressed at 

:ufacture of 1 --* anirml-drawncarts, prepared for 
the ILD and UNCHS, and published by Intermediate Technology Publications 
Ltd, London, 1986. 
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present by conventional motor vehicles. ?he use of such vehicles 
will reduce the continuing reliance 0~1 walking and headloading to 
meetmmmentrequirerrmts in relationtoproductive, econcmic and 
welfare activities; 

(ii) creating employment opportunities in their production, op- 
eratim, and maintenance, since the manufacture and use of l-cost 
mtorized vehicles is inherently labour intensive. 

This technical mmmndun is intended to assist those who are in a 
position to influence the choice of public and private investment in 
transport facilities in developing countries. It aims to create 
awareness of the potential roles of low-cost motorized vehicles, and 
provide data on their technical requirements. Specifically, the purposes 
of the book are: 

1. W provide public planners and industrial development agencies 
with infomation on the availability and applications of low-cost 
rwtorized vehicles and on the potential for, and impact of, their 
wider use. 

2. m provide small-scale producers in developing countries with 
technicalinformationonthe design and mnufacture of lcw-mst 
mtorized vehicles which can be produced locally and are a viable 
alternative to capital-intensive technologies origi.nating fran 
industrialized countries. 

1.2 3am3 

The category 'lm-cost motorized vehicles' includes a wide range of dif- 
ferent types. In order to provide information in the most useful form, 
it has therefore been necessary to limit the scope of this book. In 
defining the technical content, the follc~ing guidelines have been 
adopted: 

1. The focus is on 'utilitarian' load carriers for moving signif- 
icant quantities of goods or several passengers. It is these which 
have the greatest potential to meet basic translx~T requirements in 
developing muntries. Therefore the book does not include vehicles 
intended primarily for the personal transport of the caner, perhaps 
acccnpMnied by a passenger or a limited quantity of goods. Nor does 
it include information on vehicles which are amplex, or designed 
for specialized applications. Rather the emphasis is on simple, 
robust, durable, general-purpose vehicles. 

2. The cheapest types of motorized vehicle are those based on the 
attaclnnent of a mtor to a bicycle. These have been excluded for two 
reasons: 

(i) there is a limit to &at can be achieved with this type of 
vehicle - in terms of payload, durability and ability to oper- 
ate on rough roads and tracks .- without upgrading the vehicle 
tonmtorcycletechnolcgy; 

(ii) it is considered preferable to cover this type of vehicle 
in a future technical publication concerned with pedalled 
vehicles. 
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3. Vehicles at the top end of the low cost mtorized range - such 
as the jeepneys of the Philippines and the Asian Utility Vehicles 
(AW) found in several countries - have betn excluded. These are 
essentially slightly simpler versions of conventional motor vehicle 
technology, and are con&tiered to be too close in price to these 
vehicles to be truly 'low-cost'. 

In tern of manufacture, law-cost motorized vehicles fall into two 
categories: 

(i) those which can be designed/adapted and manufactured 
'independently' by small or madiuwscale producers in dweloping 
countries; 

(ii) those which require sane form of collaboration with the source 
of the technology in another country. Sarre, but not all, of these 
involve a fairly large-scale investment if they are to be mnufac- 
tured (rather than assembled) locally. 

The main technical chapters concentrate on vehicles in the first 
category, but there is also a oxqendium of information on vehicles in 
the second. 

The range of technologies covered, described in mre detail in 
Chapter 2, are: 

- trailer for standard rotor cycle; 
- sidecar for standard motor q&e; 
- four-wheeled mnversion of standard motor cycle; 
- three-wheeled vehicle based on mtor cycle technology; 
- three-wheeled vehicle using smll diesel engine; 
- four-wheeled vehicle using smll diesel engine; 
- trailer for single-axle tractor. 

The contents are structured as follows: 

Chapter 2 provides an assessment of the operating and cost charac- 
teristics, likely applications and manufacturing implications of the 
different types of vehicle described. 

Chapters 3,4,5 and 6 provide the detailed technical design infor- 
mation on the different types of vehicle which are suitable for 
'independent' mnufacture in developing countries. They are ample- 
mted by six annexes which provide the basic data on key technical 
aspects. 

Chapter 7 provides advice on technical and econanic considerations 
in the manufacture of lcw-cost motorized vehicles, and presents a 
procedure for calculating production costs and sales prices. 

Chapter 8 provides. information on lm-mst mtorized vehicles wfiose 
acquisition requires some form of mllalmration with the source of 
the technology. The entries are selective, concentrating an those 
vehicles which are considered most relevant to conditions in 
developing countries. 
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Thus, for planners and detiisicn-makers wishing to identify or select 
&m-cost motorized vehicles to meet local transport needs, or as the 
basis for establishing local industries, the key information is contained 
in Chapter 2. Reading Chapters 3-8 is also r ecummded to provide further 
background information on manufacturing implications and the most suit- 
able mechanisms for making the vehicles available in the country. 

For manufacturing industries interested in developing and producing 
low-cost z&or vehicles locally, Chapter 2 again provides the starting- 
pint, in identifying the appropriate vehicle options on which to 
concentrate. The relevant technical chapter, together with the annexes, 
then provides the information to prepare a specification of the vehicle 
appropriate to local conditions.. Chapter 7 should also be studied 
carefully as a source of advice r : t..:. mst effective production engine- 
wring and management prcm&.u-es 

Chapter c: provides the &sic data for organizations wishing to iden- 
tify sources of cmmercially available technology for vehicles they have 
selected as being appropriate to local conditions. 

4 



ASSESSMENTOF LLN-CDSTTEHIcLEOFTI~S 

Eight different types of law-cost mtorized vehicle are covered in this 
publication and each is described briefly below. 

The first three vehicle options are all attachmarks to standard 
mtor cycles. Attention is concentrated on the attachments, on the basis 
that motor cycles are readily available in mst developing countries, 
either as imports or locally mnufactured items. All the attachments are 
suitable for 'independent' lowi productionby small- ormedium-scale 
industries and technical details are presented in Chapter 3. HClkEever, 
there are also mmnercially available technologies for the first tkm 
attachments. 

1. Motor cycle and trailer 

This consists of a +-heeled, load-carrying trailer attached to 
the rear of the motor cycle (Figure 2.1) by means of a hitch which 
allws it to be mected and disconnected quickly and easily. Motor 
cycle trailers are already used to a limited extent in certain dev- 
eloping countries, mst notably in franmphone areas, but there is 
considerable potential for their wider use. 

2. Mkor cycle and sidecar 

This consists of a single-kheeled, load-carrying attachment rigidly 
fixed to the side of a motor cycie (Figure 2.2). These are exten- 
sively used in the Philippines, where there are over 150,000 in 
operation. They provide efficient, ecmanical short-haul transport 
services in a variety of conditions and for a range of applications. 
The motor cycle and sidecar is not used in the same way anywhere 
else in the developing wrld, and there is great potential for the 
transfer of the technology to other countries. 

3. Four-wheeled conversion of rotor cycle 

This consists of a chassis and load-carryingbcdywith atMetaled 
axle which is securely attached to the motor cycle so that the load 
is carried on either side of, and behind, the motor cycle (Figure 
2.3). This type of vehicle is finding increasing use for short-haul 
rmmnent of loads in the Philippines, as an emlution fran the 
popular mtor cycle and sidecar. At present the vehicle is unique to 
the Philippines but it also has potential for use in my other 
developing countries. 

The next four opticns all involve the production of a cm@ete 
vehicle. However, three mke use of sane standard motor vehicle 
cmnponents and the other is based on a rotor cycle which is pmmnehtly 
nmdified to produce a load-carrying vehicle. 

4. t+Dtor cycle based three-wheeled vehicle 

This consists of a standard rmtor cycle which is converted, by means 
of an extended chassis, the attachnmkofat~eeled rear axle 
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Fig. 2.1 ffotor cycle and trailer 

Fig. 2.2 Wtor cycle and sidecar 



Fig. 2.3 bur-wheeled conversion of mxc~- +~le 



and the construction of bcdmrk behind the driver, to provide a 
pemmnent, three-wheeled load-carrying vehicle (Figure 2.4). This 
type of vehicle is suitable for 'independent' production by a dev- 
eloping country manufacturer, and its technical details are presen- 
ted in Chapter 4. These vehicles are used in limited nmbers in 
several countries but there is potential for wider use, and for 
intrcduction in places where they are not found at present. 

5. S&all diesel-engined three-wheeled vehicle 

This vehicle is powered by a single-cylinder diesel engine and con- 
sists of a purpose-built chassis with a single, steered wheel at the 
front, tm rear wheels, and load container situated behind the 
driver (Figure 2.5). This type of vehicle is suitable for 'indepen- 
dent' production by a developing muntry manufacturer, and its tech- 
nical details are presented in Chapter 4. Vehicles of this type are 
found to a limited extent in a few developing countries, but are 
widely used by small farmers in sane Mediterranean regions. There 
is considerable potential for developing country use, particularly 
in areas where the owner can also utilize the diesel engine for 
other activities, such as driving a water pcnnp or cropprccesssing 
equipment. 

6. Ommercially produced three-wheeled vehicles 

These are purpose-built three-wheeled vehicles, usually with one 
wheel at the front and two at the rear, often based on scooter or 
motor cycle technology and omponents (Figure 2.6). There are exist- 
ing mnufacturers in sme develop&. and certain Asian, coun+ries, 
mst notably in India. Supply of these vehicles is dependent on scme 
form of collaboration with the source of the technology and examples 
are given in Chapter 8. They are extensively used in same Asian 
countries, primarily for urban transport but are rarely found in 
Africa where there is considerable potential for their wider use. 

7. 3~~11 diesel-engined four-wheeled vehicle 

This consists of a simple four-wheeled chassis with load-carrying 
lxdymrk fitted behind the driver, driven by a small (usually 
single-cylinder) diesel engine (Figure 2.7). This type of vehicle is 
suitable for 'independent' production by a developing country 
mnufacturer, using mnponents fran scrap conventional motor 
vehicles, and its technical details are presented in Chapter 5. 
However, mmmrcially available technologies are also available, and 
examples are presented in Chapter 8. These vehicles have evolved in 
The Republic of Korea and Thailand where they mm enjoy widespread 
use. There is potential for the intrcduction of the technology in 
developing countries where there is a ready supply of scrap motor 
vehicles. 

The last vehicle option is an attachment to a standard single-axle 
tractor (also known as a -r-tiller or t-wheeled tractor). This 
review concentrates on the attactit, on the basis that single-axle 
tractors are readily available in my developing countries, either as 
imports or as locally manufactured items. 
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Fig. 2.5 Diesel-engined three-wheeled vehicle 



Fig. 2.7 Small-engined four-wheeled vehicle 

Fig. 2.8 Single-axle tractor and trailer 
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8. Single-axle tractor and trailer 

This consists of a tm-wheeled, load-carrying trailer attached to 
the rear of the single-axle tractor (Figure 2.8) by means of a hitch 
which all- it to be connected and disconnected quickly and easily. 
Trailers are already used in areas where single-axle tractors dre a 
popular and econanically efficient piece of agricultural equipment. 
However, there is potential for their wider application as the use 
of single-axle tractors increases, and for greater emphasis on local 
manufacture by smll- or medium-scale industries. Technolcgies are 
cmrnercially available, but trailers are well suited to 'indepen- 
dent' production in developing countries and full technical details 
are presented in Chapter 6. 

Typical dimensions and perfommnce characteristics of the different 
vehicles are sumnarized in Table 2.1. No information on the purchase cost 
of the vehicles is included in this table since the large variations 
ber-wem lifferent countries make it very difficult to present 'universal' 
cclsts 3 Mcrcver, in the descriptions which follm an indication of the 
likely cost of each vehicle, which can be applied to particular local 
circumstances, is given. 

Each type of low-cost motorize4 vehicle is assessed belcrw: 

1. Notor cycle and trailer 

&@icatia~ The trailer should De used for transport of goods 
only, since it is considered unsafe to carry passengers in a 
vehicle tmed behind a motor cycle. Motor cycles with trailers 
are suitable for both rural and urban use. A major advantage of 
the trailer is that, because it can quickly be connected and 
disconnected, it is suitable for use by existing Owners of 
motor cycles, and does not detract frcm the convenience of the 
original vehicle for personal transport. It therefore has con- 
siderable potential for cmnership by individuals to meet their 
personal transport needs. In rural areas, such owners are also 
likely to make the vehicle available to other users on a 'for 
hire' basis. It also has potential for the provision of goods 
delivery services in urban areas. 

Transport -city The useful payload that can be moved by the 
trailer depends on the p3+er output of the motor cycle. For 
lightweight 5Occ rotor cycles, the payload should be restricted 
to about 1OOkg. For 100-125~~ motor cycles a payload of up to 
about 250kg is appropriate. In sane developing country situ- 
ations, motor cycle trailers are used to carry over double 
these loads but in most circumstances suds high loads will 
result in a significant reduction in safety. Travel speeds will 
be somewhat slower with a loaded trailer, because the extra 
wight being moved wili reduce the peforrmnce of the motor 
cycle. The range of travel is essentially that of a motor 
cycle. 

Bure lTeqammt5 A motor cycle and trailer can be 
used on earth roads and rough tracks of sufficient width to 
allm the vehicle to pass. Mver it is net suitable for use 
on routes consisting of tm parallel wheel tracks separated by 
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Table 2.1: Typical dimens' Ions and performance characteristics of different types of 
lcw-cost motorized vehicles. 

Motor cycle Motor cycle Diesel Diesel Single axle 
Motor cycle Motor cycle baSd based engined engined tractor 
and trailer and sidecar 4-wheeler 3-wheeler 3-wheeler 4-wheeler trailer 

Wheelbase 

Track 

Load 
capacity 

Minimum 

L infrastructure 
requirements 

Cruising speed 

Climbable 
gradient (fully 
laden) 

l.l-1.4m 

0.7-l.iBll l.l-1.25m 

1.5-2.Om 

1.2-1.5m 

lOO-500kg 200-500kg 
or 2-8 
passengers 

earth road earth road 
but not a 
't-track' 
road' 

400-500kg 
or 4-8 
passengers 

surfaced 
road 

40-55lun/h 35-501an/h 30-45km/h 

lo-15% 10-15s 5-10% 

1.5-1.9m 1.5-3.3m 

l.O-1.2m 1.2-1.5m 

500kg 750-2000kg 
or 3-8 
passengers 

earth road, earth road 
but not a 

&TFZaCk' 

35-5Okm/h 20-25km/h 

2.0-3.6m - 

1.2-1.5m 1.2-1.5m 

1500-2OOo'Kg 500-1250kg 

earth road earth road 

30-5Okm/h 12-15km/h 

lo-15% 15-20% 
5-10% 
(front- 
Wheel 
drive) 

15-203 5-10s 

1 A 'tw.track' road is one consisting of two parallel wheel tracks separated by a grassed central 
section. 
2 Small-wheeled versions restricted to paved roads. 



a grassed central section since the motor cycle must travel 
along the central sectian. In certain developing countries 
wooden bridges that have tm parallel wheel tracks separated w 
widely spaced cross members are com~n . lo negotiate this type 
of bridge a trailer must be detached from the &or cycle and 
pushed across by hand. In areas where thest bridges are co~nryn 
the use of motor cycle trailers is, therefore, severely con- 
strained. They can be operated in steep terrain, but payload 
sharply decreases with increasing gradient. 

oasts Typically, the purchase cost of the trailer will be 
30 to 40 per cent of that of the m-&or cycle. 

*rating costs on a per km basis will be scmewhat higher 
than for the solo m&or cycle because of: 

- increased depreciation; 
- increased fuel consumption; 
- increased maintenance resulting fran extra strain impos- 
ed on the motor cycle. 

Manufacture The manufacture of a trailer is relatively simple, 
the essential requirements being basic metal fabrication, 
machining, and bcdyrk construction skills and facilities. 
The trailer is suitable for production by small, well-equipped 
metal mrkshops. 

3 -. Motor cycle and sidecar 

Apliclttiuls The motor cycle and sidecar can be used for the 
short-haul movement of passengers, goods or, most typically, a 
cclmbination of the tm. A m&or cycle and sidecar may be bought 
by an individual for personal use but, based on evidence fran 
the Philippines, the most mrtant application is to provide 
transport services. In the large cities they provide flexible 
route feeder services for passengers, operating from fixed 
stations, and linking into major routes where conventional 
public transport services operate. In smaller ur&u7 centres 
they provide extensive fixed-route passenger services, again 
from a fixed station. Wver, perhaps of most interest is 
their transprt role in rural areas. They provide an extensive 
nettJork of regular, combined passenger and ms services, 
linking villages to markets and other local centres. They thus 
constitute the first stage of the rural transport system, out 
of the village to local centres on the secondary or highway 
netwrk where conventional motor vehicles operate. Therefore a 
key feature of the motor cycle and sidecar is the capability of 
the same basic vehicle design to be used for a variety of rural 
and urban services. Hawever, for rural use the vehicle must be 
strengthened to withstand operation on rough surfaces with 
heavy loads. 

Transpart -P~tv In the Philippines these vehicles are 
usually based on 100~~: or 125cc motor cycles. In urban appli- 
cations they carry 2-4 passengers, depending on the bodywork. 
In rural areas the motor cycle and sidecar typically carries 
6-8 passengers or dined loads of up to about 500kg. 

The range of travel is essentially that of a motor cycle. 
Fbr rural and rural-urban trips services are typically provided 
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over a range of up to 25lun. 
In urban situatixls the vehicle has sufficient performance 

to maintain pace with the normal flaw of traffic. On poor rural 
roads travel speeds are reduced, 
conditions. 

constrained primarily by route 

IMm&mctm requirarrrrts A major advantage of the motor 
cycle and sidecar is its ability to operate on rough or muddy 
tracks. This capability results from the 'two-wheel track' con- 
figuration, the high ground clearance, the large diameter 
wheels and good traction. In the Philippines motor cycles and 
sidecars operate regularly on routes considered too poor fcr 
use by conventional motor vehicles. They can be operated in 
steep terrain but payload decreases with increasing gradient. 

&z&s The addition cf a sidecar increases the initial cost of 
the motor cycle by about 50 per cent. 

Operating costs are also increased and, based on 
Philippine data, are slightly higher than for conventional 
light mmnercial vehicles on a per tonne-km basis. however 
because of their 1~ investment cost they provide econanic, 
regular rural transport services in situations where there is 
insufficient demand to justify the regular operation of a 
larger rotor vehicle. 

luanufacture The manufacture of a sidecar is relatively simple, 
the essential requirements being basic metal fabrication, 
machining and bodywork construction skills and facilities. The 
sidecar is suitable for production by small, but well-equipped, 
metal mrkshops. 

3. Fbur-wheeled conversion of motor cycle 

&@icatims Because of its unusual configuration this vehicle 
is unsuitable for use on rough roads and is therefore restric- 
ted to paved roads. It thus lacks the flexibility of the motor 
cycle and sidecar, but does provide greater load space for the 
carriage of passengers and goods. Its major applications are 
gcmls delivery and collection, and the provision of similar 
urban passenger services to those offered by motor cycles and 
sidecars. 

Tmnqmrt cqacity The vehicle has a similar range of travel 
to a motor cycle but is normally restricted to operation within 
urban areas. Speed of travel is smewhat slmer than a motor 
cycle, but in urban operation the vehicle can maintain pace 
with the normal traffic flaw. When based on a 125cc motor cycle 
the payload capacity is 40s500kg of g&s or up to eight adult 
passengers. 

Infm&m&ure reqluiranents The vehicle is restricted to use 
on surfaced roads. It can operate on steep gradients, but with 
a substantially reduced payload. 

C&&s The addition of the four-wheeled conversion increases 
the cost of the motor cycle by 75 to 100 per cent. 

Operating costs also increase cand, based on Philippine 
evidence, are slightly higher, on a per tonne-km basis, than a 
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conver,: . -:,rdl light mmercL.1 vehicle. Because of the lcm 
inv~stmnt cost, t.hese vehicles can be operated successfully - 
for mm1 goods deli-very and collection, or for urban passenger 
services - in situations where there is insufficient d-d to 
justify a larger vehicle. 

Manufam The manufacture of a four-wheeled conversion is 
relatively simple, the essential requirements being basic metal 
fabrication, machining, and bodywork construction skills and 
facilities. It is suitable for production by small, mll- 
equipped metal mrkshops. 

4. Motor cycle based and cmnercially produced three-wheeled 
vehicles. 

These two types of vehicle are considered together because their 
transport characteristics are essentially similar. 

&plicatims These vehicles can be used to transport passengers 
or goods, depending on the type of bodywork fitted. They are 
most cmmnly used in urban areas to provide a variety of flex- 
ible or fixed-route passenger services that mmplement those 
offered by conventional buses or taxis. They are also used for 
urban delivery and collection of goods. They muld not normally 
be purchased by individuals to meet personal and family trans- 
port needs. In prison with the attachments to standard 
motor cycles, described earlier, they l,z.ve the advantage of 
being puqmse-designed as load-carriers. They therefore offer a 
higher degree of technical efficiemy, avoiding the ccmprcmises 
involved in adding an attachment to an existing vehicle, and 
provide greater passenger canfort, more efficient braking and 
transmission systems, etc. Hcrwever they may also incur a cost 
penalty. 

Motor cycle based vehicles can be used on U?-pW?d 
rural tracks to a certain extent, especially in cry weather. 
Hmever, vehicles based on motor smter technoicgy which have 
small diameter wheels are not suited to use on rough roads. 

Transpart mpxxity For passenger transport, these vehicles 
typically provide seating for 3-8 persons, depending on the 
size of the bmlmrk and the power output of the vehicle. The 
latter is a key factor in determining the payload for goods 
transport. The payload of a 15Occ scmter based vehicle is 
typil:ally about 500kg. 

The sensible operating range of the vehicles is up to 
about 4Okm, and speed of travel is smewhat lmer than a solo 
motor cycle, although in urban conditions 
pace with the normal traffic flcrw. 

they can maintain 

Bure req. hi Vehicles based on rotor scmter 
technOlcgy, with small-diameter wheels, are only suitable for 
use on paved roads. The small wheels, and consequent 1~ ground 
clearance, render them unsuitable for use on rough or badly 
potholed roads and tracks. Larger-wheeled models are nore suit- 
able for rural use but the configuration of the vehicle rmkes 
it unsuitable for routes that consist of tm parallel wheel 
tracks separated by a grassed central section. 
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Oc&s The purchase cost of the vehicles is typically 2-2.5 
times that of a motor cycle of equivalent engine size, and is 
influenced by the type and cmplexity of bodymrk fitted. As 
noted earlier, the vehicles are at present used primarily to 
provide passenger services. QI fixed-route services, fares are 
sanewhat higher than those offered by buses, and the main 
application is to operate on feeder routes. F'or flexible-route 
services. fares are typically 50 to 60 per cent of those 
charged by conventional taxis. 

Manufacture For adaptations of motor cycles, metal fabri- 
cation, Mywork construction and well-equipped machining 
facilities are required. This type of vehicle is suitable for 
production by a medium-scale metalmrking enterprise. 

local assembly of vehicles produced omnercially overseas 
is feasible. Hmever, local manufacture, with a local content 
that extends beyond bodywork construction and the use of 
locally produced ancilliary mqmnents, is dependent upon there 
being sufficient demand to justify large-scale production. 

5. ,%a11 diesel-engined three-wheeled vehicle 

Applicaw These vehicles can carry goods, passengers or 
ccmbined loads. At present they are used more in rural than in 
urban areas, although in technical terms they are suitable for 
both applications. CXmpared with petrol-engined three-wheeled 
vehicles they are usually slower and noisier, but more durable. 
The first two characteristics tend to mke them less suitable 
for providing urban passenger translmrt services. Rmever, the 
use of a diesel engine has the advantage, in rural areas, that 
it can be adapted to drive other devices, such as a water pump. 

-e capacity In India, vehicles operating on level 
ground with engines of 4.5kW carry loads of up to lOOOkg, and 
vehicles with engines of 8.25kW carry loads of up to 2OOOkg. 

Travel speeds are relatively lord, with a typical cruis- 
ing speed of 20-25km/h. Hmiever, sm mre recent and more 
sophisticated designs, intended for urban use, have a higher 
travel speed, but 1-r payload capacity. 

Range of travel in rural areas is constrained by the lm 
travel speeds. 

. 
w The vehicles can operate on rough 

rural tracks of sufficient width to allow the vehicle to pass, 
as long as relatively large-diameter wheels are fitted. Ver- 
sions with rear wheei drive perform well in steep terrain. 

CQ&S In cmparison with a petrol-engined vehicle of similar 
specificatim, the purchase cost will ~YZ scmewhat higher be- 
cause diesel engines are expensive. However, use of a diesel 
engine results in 1-r runnin g costs by reducing fuel and 
maintenance msts, and because of the longer life of the 
engine. 

remufacture Metal fabrication, bodFrk construction and 
well-equipped machining facilities are required. This type of 
vehicle is suitable for production by a medium-scale metal- 
mrking enterprise. 
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6. Small diesel-engined four-wheeled vehicle 

&@ications Although these vehicles are occasionally found in 
urban areas, they are designed primarily for the movement in 
rural areas of go&is, passengers or, most romnanly, mined 
loads. This is the most expensive of the range of low-cost 
vehicles covered in this book but its major advantage is that 
its transport capacity is greater than the others. These 
vehicles may be purchased by more affluent farmers for their 
own use, though they will normally also be mde available for 
hire, or they can be operated 
services. 

to provide rural transport 

Transpart aasacity These vehicles typically have engines of 
between 6kW and 8.25kW with a correqonding payload capacity of 
1,500-2,000kg. They are often used to carry passengers but are 
not normally fitted with bodywork spcifically designed for 
transporting people. 

Typical operating speeds are 30-5Okm/h, determined primar- 
ily by the pcrwer output of the engine and the gearing used. 

Lnfrastructwe requirements They are able to operate on rough 
or muddy rural roads and tracks of sufficient width to allm 
the vehicle to pass. They also perform well in steep terrain. 

m A major determinant of purchase cost is the price that 
has to be paid for components taken frun scrap motor vehicles. 
The indications are that purchase price will be ai_out 50 per 
cent of that of a conventional light l-tonne pick-up. 

Operating costs are 
carmercial vehicles. 

1-r than for conventional light 

Manufa~ure Metal fabrication, bodywork construction and 
well-equipped machining facilities are required. This type of 
vehicle is suitable for production by a medium-scale metal- 
mrking enterprise. 

7. Single-axle tractor and trailer 

Fppliaa”;ians The essential justification for this vehicle is 
that it qlements the use of single-axle tractors in agri- 
culture. Its application is therefore for rural transport of 
goods (and accompanying passengers) in areas where single-axle 
tractors are an appropriate item of agricultural equipment. The 
most CcpmKln pattern of ownership is by farmers who use the 
vehicle to meet their m traqort requirements, and also make 
it available to ot:lers on a for-hire basis. The vehicle is not 
econanically efficient unless the tractor is also used for 
agricultural activities and it does not therefore offer a 
sensible basis for providing regular transport services. Its 
crude control systems render it unsuitable for use in cru&ad 
urlxu-~ streets. 

Transport capacity Depending upn the pcrwer output of the 
t.mCtOr, which is typically between 4.5kW and 8.25kW, the 
trailer has a payload capacity of 750-1,500kg. 

Tra;rel speed is slcrw, typically 12-15km/h, determined by 
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the gear ratios available on the tractor, This slaw speed of 
travel limits its effective range. 

Lnfrastruct-lRe requireJaznts The single-axle tractor and 
trailer can operate on rough or muddy tracks that are suffic- 
iently wide to allm it to pass. 

It can be used in steep terrain but payload is substan- 
tially reduced because of limitations on traction when travel- 
ling uphill, and on braking capacity d&ill. 

The operating asts of a single-axle tractor and 
trailer, on a per tonne-km basis, are high. Hahnever, if calcu- 
lated on a marginal cost basis, as an adjunct to use of the 
tractor in agriculture, it is an econcmically effective means 
of transport. 

FlamA%cture The manufacture of a trailer is relatively simple, 
the essential requirements being basic metal fabrication, 
machining and bodwrk construction skills and facilities. The 
trailer is suitable for production by small, but well-equipped, 
metal wrkshops. 

There are tm aspects of vehicle Legislation that are relevant to the use 
and local manufacture of lo,+cost vehicles. 

1. All coluntries have regulations concerning the registration, 
insurance and use of motor vehicles. Often this legislation is based 
on the types of vehicles camwsnlyusedinthecountry and may not 
take account of the requirements of new means of rrw>tori.zed transport 
that are introduced subseguently. Therefore, for public planners and 
decision-makers concerned with the selection, introduction and 
pranotion of lo+cost motorized vehicles, ar important consideration 
is to ensure that existing legislation dc .; not impose unnecessary 
or unintended constraints upon their effective use. 

2. Equally, it is important for manufacturers of la+cost 
motorized vehicles to ensure that their products conlply with the 
requirements of national regulations, for example in terms of 
overall dimensions, payload capacity, lighting and other 
safety-related systems. 



CHAPTER3 

MCYl'ORClrCLEAll'ACXMENTS 

In the context of this publication the term 'motor cycle' refers to a 
motorized t-wheeled vehicle which also includes scooters. It is 
recognized that scc&ers have certain characteristics different fran 
n-t&or cycles and, where relevant, these are discussed. 

The simplest types of low-cost motorized vehicle to produce are 
those which consist of attachments to standard tier cycles. Three types 
of motor cycle attachment, which can be fitted with little modification 
to the motor cycle, are considered here. 

- t-wheeled trailer; 
- sidecar: 
- four-wheeled conversion. 

The technical details cf these three attachments are described in 
this chapter. However, it is necessary first to consider the selection 
of the motor cycle itself. 

When manufacturing attactints for motor cycles, it is sensible to 
produce a limited range of standard products to fit selected rtPdels of 
rtotor cycle. This is much rrore efficient than producing the attachments 
on a 'one-off' basis to suit different models. It is therefore important 
to give sine thought to the selection of the motor cycle models for which 
the attachments will be produced. 

For trailers there is considerable flexibility since the key factor 
in determuning whether a trailer will fit a motor cycle is the location 
cf the hitch point. Section 3.2.1 discusses different hitch pint loca- 
tions to suit different types of motor cycle. IIclhFever, it is also import- 
ant to ensure that the payload capacity of the trailer is matched to the 
performance of the motor cycle that will tm it. 

1. It is possible to tm a trailer behind a small motor cycie or 
rroped of 5Occ engine capacity. In this case a lightweight trailer 
with a re mnded maximum payload of 1OOkg should be used. 

2. In developing countries the cnrrmn motor cycles are usually of 
80-150~~ capacity. For this size it is re mded that the mximum 
payloal' of the trailer should be about 250kg. 

3. Fbr larger rr&or cycles a heavy duty trailer with a greater 
payloadcanbe used. 

For the sidecar and four-wheeled conversion it is necessary to be 
rrore selective in the choice of machine because the geanetry of the &or 
cycle frame and the location of the munting points will-determine the 
design of the chassis of the attachment. The follting are the key con- 
siderati(xls: 
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1. It is important to select a model, or a limited range of 
models, whi& are in mmmn use and are easily available in the 
particular country. 

2. The model(s) selected should have a good reputation for relia- 
bility, robustness and availability of spare parts. 

3. The motor cycle should have an engine capacity of at least 8Occ in 
order to have sufficient Fr to mve a useful load at adequate speeds. 
In many developing countries the most popular rmtor cycles a-e of 
80-125~~ capacity, and it is these that are used successfully with 
sidecar and four-wheeled conversion attachments in the Philippines. 

4. Motor cycles of 80-125~~ engine size usually have one of tm 
types of chassis construction - pressed steel, or welded tubular 
steel. It is preferable to use a motor cycle with a welded tubular 
steel chassis, since this will be stronger, and it is easier to fit 
additional brackets for the attachment. 

It my be mrth considering the use of the 'trail bike' type of 
motor cycle for the attachment of a sidecar if the vehicle is to be used 
on rough roads and tracks in rural areas. The trail bike is designed for 
off-road use, having high ground clearance, high traction tyres and low 
transmissmn ratios. 

3.2 FTYIOR- TRAILER 

3.2.1 overalleguratim 

An efficient, safe notor cycle trailer will have the follting features: 

(i) an overall configuration which ensures that the trailer does 
not affect the norm1 handling of the motor cycle; 

(ii) a hitch mechanism which allows free rotational mvemant 
between the motor cycle and trailer, but prevents any free play in 
the joint which muld cause snatching bet- the motor cycle and 
trailer; 

(iii) a simple and effective method of attaching and detaching the 
trailer. 

The most ccmnm type of trailer has tm wheels - one either side of 
a load-carrying container. The motor cycle acts as the third point of 
support, carrying part of the weight of the trailer and its payload. It 
is therefore important that the wheels of the trailer are positioned so 
that the centre of gravity of the load acts just in frrmt of the axle 
line. This results in a small dmmrd force acting on the motor cycle 
which contributes to the stability of the motor cycle/trailer 
cmbination. 

Dimemians The size of the trailer will depend on a nur&er of factors 
- cost, specification of ttirq motor cycle, loads to be carried, traffic 
regulations, density of traffic in the expected area of use, road con- 
ditions, etc. The size should suit the dimensions of my standard con- 
tainers which my be carried in the trailer. These include oil drms, 
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tainers which my be carried in the trailer. These include oil drm, 
milk churns, packing cases, etc. r'or example, a 200 litre oil drum my 
be very useful for carrying kerosene or water, 

A very large trailer will be unsafe in traffic and will enmmage 
overloading, which can cause chassis failure and accidents. The trailer 
should not be too narrow either, as it will became unstable and liable 
to overturn. As a guide, Table 3.1 shorn what are considered to be 
maximum overall dimensions for a t-wheeled motor cycle trailer. 

Length 

I I Width 

TABLE 3.1: Maximum overall d' mensions of a motor cycle trailer. 

Maximumpayload 
(kg) 

150 
200 
300 
400 

Maximum dimensions 
(ml 

Length Width WPth 

1,200 850 300 
1,300 900 350 
1,600 975 410 
1,850 1,050 459 

The load carrying capacity of any vehicle is reduced when the 
terrain is hilly and the roads are of wet mud. A trailer that is to 
operate in these conditions should be smaller than one used mainly on 
level, paved roads. 
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The load-carrying capacity of any vehicle is reduced when the 
terrain is hilly and the roads are of wet mud. A trailer that is to 
operate in these conditions should be smaller than one used rtCnly on 
level, paved roads. 
point of attachm ttomtarcycle The hitch mechanism connects the 
trailer to tt;e n&or cycle and allms free rotational movement when 
cornering, going over rough ground, etc. Normally, one part of this 
mechanism is permanently attached to the motor cycle and the other to the 
trailer. The part which is attached to the motor cycle should be securely 
and rigidly fitted to the frame, and should not affect the operation of 
the rear suspension ers. 

Theoretically, the height of the coupling between the trailer and 
motor cycle should be below the rrotor cycle's rear axle line so that the 
momentum of the trailer when stopping presses dawn on the rear wheel, 
thereby increasing rear wheel braking force. A low coupling height also 
minimizes the extent to which vibrations of the trailer are transmitted 
to the motor cycle, thereby increasing stability. Because of the position 
of the rear suspension members, however, hitches have often to be located 
slightly above the axle height. 

Mounting the hitch at seat height above the rear wheel is suited to 
small motor cycles equipped with a single seat, as Figure 3.1(a) shclws. 
This configuration enables the total length of the mined motor cycle 
and trailer to be kept to a minimum and requires a relatively simple 
hitch mounting bracket. Wver, because of the decreased stability of 
this configuration, this mounting position should only be used on light- 
duty, lcs.+speed motor cycle trailers. Figure 3.1(b) shows a motor cycle 
with a single seat and with the hitch munted to the rear carrier. The 
carrier should be rigidly attached to the motor cycle chassis. 

To mount the hitch at, or just above, axle height a hitch-munting 
bracket will be need&. The preferred mounting areas of the bracket are 
shown in Figure 3.2. They are the region inmediately adjacent to the top 
rear damper mounting, and the lower part of the main rear chassis 
me&er. 

A different hitch-mounting configuration is scmetimes used on 
scooters. The sccoter frame design allows the hitch to be mounted mid-way 
between the wheels, underneath the rider (Figure 3.3). 

A mud flap fitted behind the motor cycle rear wheel is an advisable 
addition. It will greatly reduce the mud splashed on to the hitch and the 
front of the trailer. 

The follting chassis design s: are just a few examples of a large number 
of possible configurations. Annex 1 also discusses chassis construction. 

T-fraue This is the simplest type of frame used for motor cycle trailers 
(Figure 3.4). It consists of a longitudinal member, forming the tm-bar, 
which is joined at a right angle to the centre of a transverse member 
which supports stub axles at each end. Most types of pneumatic-tyred 
wheels can be used on this kind of frame, according to the specification 
of the trailer. The stub axles can be individually spring mounted to give 
independent suspension. This type of frame is suited to all capacities 
and requirements of motor cycle trailers. The frame should idLally be 
fabricated fran hollow section mild steel, although channel section steel 
can be used if desired. This frame forms a basic chassis to which lighter 
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Fj 

a) Diagram of hitch mounting 

b) An example from Zimbabwe 

Lg. 3.1 Trailer hitch attached to motor cycle rear carrier behind 
rider's seat 
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Fig. 3.2 Trailer hitch located behind rear wheel of motor Lqcle, and 
attached by means of a bracket 

Fig. 3.3 Hitch location suitable for use with a rotor s' jter 
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Fig. 3.4 Trailer T-frame 

Fig. 3.5 Trailer A-frame 
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structural mrs may be added as required to form a load-carrying 
structure. 

A-frame and la&Yer frmne These frames are similar to the T-frame but, 
instead of a single longitudinal member, they have tm - the A-frame 
ers joining at an apex at the hitch point as shown in Figure 3.5, and 
the ladder frame having ~WX parallel &rs with a short frame member 
forming the tm bar (Figure 3.6). The ladder frame gives all-round sup- 
port to a rectangular load container and can be diagonally braced to 
improve its stiffness. The A-frame usually requires an additional rec- 
tangular frame to be mounted on to it to support a load container (see 
Figure A2.3 in Annex 2). 

Sprmg beam axle The sprung beam axle is described in Annex 3 and is 
munted beneath the load-carrying unit. The beam axle itself is best 
fabricated from hollc~ section mild steel. The load-carrying unit forms 
the frame of the trailer and supports the tm-bar (Figure 3.7). A beam 
axle configuration is best suited to a heavy-duty motor cycle trailer. 

~latforxn framer This type is best suited to light loads (up to 1OOkg) 
(Figure 3.8). Transport of greater loads muld require additional members 
to be added to the base of the frame. It is fabricated frc?n mild steel 
tube of 32mn diameter, and is design& for use with motor cycle wheels 
which are supported on both sides of their hubs. The design shm has the 
hitch point situated above the rear wheel and this is only suitable for 
light-duty, low-speed motor cycle trailers. 

This design can be used as a basis for constructing a more qlex 
structure, as shown in Figure 3.9. This frame is guite rigid and, for 
scme applications, can be used without 3 lead container. The design sm 
has the tow bar as a single length of tube, bent to form a 'loop' at the 
front of the trailer. The outer wheel supprts are reinforced by addi- 
tional braces which join the base to the tm bar. This ensures that the 
wheels are ~11 supported and prevents any distortion of the frame during 
use. 

Suspension The suspension reguirenents of a motor cycle trailer are less 
critical than those of vehicles designed to carry passengers. Suspension 
does increase the stability of the motor cycle/trailer combinatim. HOW- 
ever, a lightweight trailer, especially when unladen, is prone to over- 
turning when negotiating a comer on uneven ground. The incorporation of 
suspension significantly reduces the risk of this occurring, as well as 
reducing the transmission of jolts to the motor cycle which can affect 
its stability. Other benefits of suspension systems are described in 
Annex 3. 

Suspension systems suitable for a r-rotor cycle trailer can be divided 
into tW categories: 

- independently sprung wheels using trailing arms; 
- beam axle. 

The rubber-sprung arm unit described in Annex 3 is, strictly speak- 
ing, a trailing arm and is one of the most CQTmofi types of suspension 
used on trailers. The units are often attached at either end of the main 
transverse frame member. Figure 3.10 shows such a unit mounted to the 
underside of a lightwight trailer t& by the moms of the Swiss Post 
Office. 
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Fig. 3.6 Trailer ladder frame 

Fig. 3.7 Trailer chassis with sprung beam axle 



Fig. 3.8 Platform frame for lightweight trailer 

Fig. 9 Platform chassis with additional. structural members to 
strength and rigidity of frame, and to provide framwor 
bad container 

increase 
.k for 



Fig. 3.10 Trailer fitted with rubber-sprung arm suspension 
cycle wheels 

rotor 
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Figure 3.7 shcws a fabricated beam axle mounted on leaf springs. 
If suspension is not used, the extent to which high-frequency 

vibration is transmi tted to the load container can be reduced by using 
rubber mountings. This is discussed in Annex 3. 

Different types of wheels and hubs are descri'bed in Annex 5. The choice 
of wheels will depend on availability and requirements. 

Small, scooter-type wheels are normally fitted to the carmercially 
built trailers in developed countries. The use of these wheels facili- 
tates a 1~ load platform which, though very stable, will not be suitable 
for scme uneven routes in developing countries because of poor ground 
clearance. If available, scOOter wheels are best munted on cunpatible 
scooter hub assemblies. 

Motor cycle wheels are very suitable for a motor cycle trailer. 
Motor cycle wheels are used on the lightweight trailers t& by the 5Occ 
mopeds of the Swiss Post Office (Figure 3.10). As described in Annex 5, 
this type of mounting is best acccmplishcd with a rr&ified hub. l%bri- 
cated wheels suitable for the fitting of mctor cycle tyres can be trade 
to suit the requirements of a motor cycle traiier (see Annex 5). 

Motor car wheels are not ideal for lightweight trailers, but are 
suitable for heavy-duty versions. They are best used with mpatible hub 
assemblies fran a motor car. 

3.2.4 Hitch rcechmim 

The hitch mechanism is, in many ways, then-ostimportantpartofamotor 
cycle trailer. It connects the trailer to the motor cycle and allows free 
rotational rrovement in certain directions when cornering, going over 
rough ground, etc. mver, it should not allow significant free play or 
slack which could create 'snatching' between the motor cycle and the 
trailer. -wheeled trailers require a hitch mechanism which allows 
rotation about three axes (Figure 3.11). Ideally, a swivel joint should 
be fitted to the hitch mechanism allowing full 360° rotation about the 
longitudinal axis. This facility ensures increased safety in the event 
of an accident. 

The second function of the hitch mechanism is to allaw the trailer 
to be attached to, or detached fran, the motor cycle quickly, safely and 
easily. This function is central to the versatility and convenience of 
a motor cycle trailer, as it ensures that the owner can detach the 
trailer when it is not needed. Ideally, the method of attaching/detaching 
should not require any tools and should not involve rmving any parts 
of the hitch for any length of time, as these may be mislaid. 

As noted earlier, the hitch can be located above or behind the rear 
motor cycle wheel. In the latter case it must be attached to the motor 
cycle by means of a bracket. This typically consists of two forked 
members which are attached to the rear of the motor cycle chassis. The 
bracket is best fabricated fran steel tube of at least 25m diameter. 
Angle-section steel can also be used in this application but should not 
have sectional dimensions less than 4Or~t-1 x 5n. The bracket should only 
be attached at points on the chassis Which are sturdy enough to resist 
the load wsed by the tting of a fully-loaded trailer. 

The brackets themselves should be attached to the motor cycle 
chassis by bolts so that they can be readily detached. This wili often 
necessitate the wlding of lugs to the motor cycle chassis. 
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Fig. 3.11 Diagmm showing relative mvements between rotor cycle and 
trailer to be provided for by hitch mechanism 
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The foliowing types of hitch mechanisms can be used: 

1. standard cclmnercial hitch 

A standard hitch design has been internationally used for many years 
on a wide variety of vehicles and trailers. It consists of a 5Or1m 
diameter ball, usually made of forged steel, which is bolted to the 
rear of the tcnhling vehicle. The trailer is connected to this by 
means of a housing, made of either cast iron or pressed steel, that 
combines a 5011m diameter socket, mounting holes to allow bolting to 
the trailer's tm bar and a handle to ease the operation of con- 
necting and disconnecting the trailer. The coupling features a 
spring-loaded mechanism for locking on to the ball. An example of 
this type of coupling is shown in Figure 3.12. Hitches of this type 
are often used for tting m&or vehicle trailers. They are quite 
suitatle for use with motor cycle trailers but may be expensive or 
difficult to obtain in certain countries. Chapter 8 lists scane MU- 
facturers of trailer couplings. 

2. Ball and socket 

This device is shan in Figure 3.13. The hitch is similar in prin- 
ciple to the standard commercial device, it provides completely free 
rotational movement and prevents any 'snatching between the motor 
cycle and the trailer. The hitch ball is mounted to the trailer and 
is attached to the motor cycle by locating it in the socket. The 
ball is retained by a high tensile steel bolt and wingnut. This 
hitch is made frm mild steel and can be produced in a small mrk- 
shop having basic rrrachining and welding facilities. The ball is 
formed on a lathe fran a short length of steel bar of 4Onm diameter. 

3. 'Universal' joint 

This design uses a 'universal' joint and a collar attached to the 
trailer frame to provide the required free rotational movement 
(Figure 3.14). The trailer is attached to the motor cycle by a T- 
shaped pin which passes through the hitch behind the collar on the 
trailer. The retaining pin should be at least lO!rtn in diameter, as 
it is subjected to considerable force during use. This hitch offers 
good performance and full 360° rotation. Its production requires 
fairly accurate machining. 

4. Ball and clamp 

The hitch shown in Figure 3.15 is used by the Swiss Post Office on 
its mopeds to tw lightweight trailers. The hitch is mounted to the 
moped frame above the rear mudguard. It consists of tm jaws which 
are clamped together by means of a threaded hand wheel. The jaws 
grip a steel ball which is attached to the tow bar of the trailer. 
This type of hitch offers reasonable performance on a lightwight 
trailer and gives full 360° rotation. Cbnsiderable precision is 
required in its mufacture. 

3.2.5 l3ady-k 

The bodFrk of a motor cycle trailer consists of a load ccntainer and 

32 



00 

Coup#ng housing 

II’cup 

Fig. 3.12 Standard cmmercial hitch 

Fig. 3.13 Fabrj?ated and machined ball and socket hitch 

33 



Fig. 3.14 llnivf~c31 joi.rlt hi tell 



mudguards for the wheels. The poorly surfaced routes typically used in 
developing countries make the use of mudguards important when travelling 
at the speed of a motor cycle. 

Different types of load containers suitable for use with a motor 
cycle trailer are described in Annex 2. 

3.2.6 EteaJces 

Generally, motor cycle trailers do not require brakes and few rorrmercial 
manufacturers fit them. Providing that the braking system and tyres of 
the motor cycle are in e condition, it is considered that a braking 
system muld only be mrth while on a motor cycle trailer with a gross 
load of 400kg or more. AutaMtic brake actuating mechanisms are sanetimes 
fitted to large trailers tm by motor vehicles, but these are complex 
and tend to need regular maintenance. 

Countries differ in their legal requirements for vehicle lighting. In 
many countries the mandatory lights required for a motor cycle trailer 
are: tm rear lights including n&r plate illtination; tm brake 
lights: rear-facing right hand and left hand turn indicators. Sune 
countries may only require one rear light and brake light and no turn 
indicators. 

The adaptation of the standard motor cycle lighting system to pro- 
vide lights on the trailer is accanplished by 'tapping off' current from 
the wires connected to the individual rear lights of the m&or cycle and 
directing it to the lighting system of the trailer. Various types of 
small electrical connecting devices can be used to effect the necessary 
joining of the wires. Sound electrical connections are vital, and it is 
especially important that there is no possibility of live wires becaming 
exposed. 

A detachable electrical plug and socket assembly is used on most 
commercially produced trailers. This enables the trailer to be both 
quickLy attached to, and r-v& fran, the vehicle. In most countries, 
the favoured plug and socket ass&ly is the seven-pin type approved by 
the International Standards Organization (ISO). This assembly provides 
very reliable electrical connections and is shrouded to resist dirt and 
water. ISO-approved plugs and sockets are not available in all countries, 
however, and, in some cases, alternative wiring connections are therefore 
required. Care should be taken to wire the electrical connections so that 
they are subjected to minimal exposure to dust and water. The trailer 
lights should rely on a sound earth connection to the n-&or cycle chassis 
and not to the trailer frame. The film of grease on the trailer hitch 
inhibits its use as an electrical conductor. The individual wires should 
be bound together and attached to the trailer frame. 

The addition of a trailer lighting system will cause an increase in 
the electrical current. This should pose no problems for the operation 
of the rear and brake lights, but may cause the turn indicators to flash 
more slowly. Many countries require the flashing rate to be between 120 
and 60 pulses per minute. If the flashing rate beccmes unacceptably low 
after wiring up the trailer indicators, then there are several options: 

W fit a flasher unit with a higher capacity; 

(ii) replace all indicator bulbs with ones of lower wr rating: 



(iii) dispense with indicators if local legislation permits. 

Rear light units from motor cycles can be attached to the rear of 
the trailer. It is vital that the light bulbs are of the same voltage as 
that of the motor cycle's electrical system. The vehicle registration 
number must be displayed on a separate plate at the rear of the trailer 
and provision made for its illumination. 

3.3.1 Owsall.anfiguraticn 

The sidecar attachment consists of a chassis fitted with a single wheel 
and its suspension system, which is rigidly mounted on to one side of the 
rrkotor cycle: 

- in countries where vehicles drive on the left-hand side of the 
road, the sidecar should be mounted on the left of the motor 
cycle: 

- in countries where vehicles drive on the right-hand side of the 
road, the sidecar should be mounted on the right of the motor 
cycle. 

The configuration of the chassis should be such that the axle of the 
sidecar wheel is on the same horizontal axis as the axle of the rear 
motor cycle wheel. 

To ensure that the rrotor cycle and sidecar is stable, it is 
desirable that the centre of gravity of the loaded vehicle should be as 
low as possible, the main constraint being the need to maintain adequate 
ground clearance. The track (the distance between the motor cycle rear 
wheel and the sidecar wheel) will also influence stability. To achieve 
a satisfactory ccmpranise between stability and rranoeuvrability of the 
vehicle, the track should be l.l-1.25m. 

3.3.2 chassis 

Attachmerrt to rnator cycle The attachment of the sidecar chassis to the 
motor cycle frame is critical to the satisfactory perforce of the 
vehicle. The chassis should be rigidly attached to the motor cycle frame 
to form a single structural unit. It is preferable for the chassis to be 
attached to the motor cycle frame by bolted connections rather than 
welding, since this allows the sidecar to be detached easily if 
necessary. 

The chassis should be attached to three points which should be well 
triangulated rather than in a straight line to minimize the stresses 
imposed on the munting points. The ideal attzchment points, as shclwn in 
Figure 3.16, are: 

(i) at the front of the motor cycle frame, miately behind the 
steering head. This can be achieved by fitting a clamp around, or 
welding a mounting bracket to, the motor cycle frame; 

(ii) the rider's foot rest. This is best achieved using a clamp 
which is attached to the original foot rest. This allows the rider 
to use the foot rest as before: 



Fig. 3.16 Schematic view shaming attachment of sidecar chassis 

Fig. 3.17 Example of sidecar chassis constructed frm square hollm sec- 
tion steel. (Note: the seat has ken fitted teqxxarily for 
experimental puqmses.) 



(iii) the top rear coil spring/damper mounting. This is best 
achieved by welding a bracket on to the sidecar chassis which can 
be bolted directly to the existing mounting. 

Configmatim ard e of cdxsssis. The sidecar chassis will 
consist of: 

(i) three short lateral merrbzrs projecting frcan the rrounting 
points. These should be of sufficient length to provide adequate 
space for the rider's leg, and for his free mvement to operate the 
foot controls; 

(ii) a frame in the vertical plane to connect the three munting 
points; 

(iii) a horizontal platform to provide the base on which the body 
is constructed; 

(3 mounting for sidecar wheel and suspension. 

The chassis in Figure 3.17 illustrates these elements clearly. 
IS&?ver it should be noted that: 

(i) the sidecar wheel mounting members on this design are mOre 
widely spaced than is necessary; 

(ii) the seat design is experimental and is not very efficient. 

Figure 3.18 illustrates the underside of another chassis and shms 
clearly the rr0unting of the trailing arm suspension unit. 

The chassis should be of welded construction from steel hollow 
sections. 

There are tm basic options for the sidecar wheel suspension: 

1. Trailing arm suspension, as shm in Figure 3.19. The arm is 
forked, running either side of the wheel, and pivoted in front of 
it. Normally tm coil springs, or coil spring/damper units would be 
fitted, one on each side of the wheel. mver, in the example shawn 
an additional unit has been fitted to reinforce the sidecar suspen- 
sion for use on rough roads. As an alternative to coil springs or 
spring/damper units, a leaf spring can be used. This muld be of the 
quarter elliptic type with one end attached to the trailing arm at 
the wheel axle, the other to the chassis in front of the wheel. 

2. Swinging arm suspensiohl, (see Annex 3). The arm is pivoted 
underneath the chassis and supported on a semi-elliptic leaf 
spring. For this type of suspension a leaf spring is better than a 
coil spring/damper unit because it locates the arm fore and aft. 

As an alternative to suspension the wheel can be attached directly 
to the chassis and a sprung load container used (Annex 3). Wver, 
except for urban applications on smooth roads, it is preferable to fit 
suspension. 
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Fig. 3.18 rmderside of chassis of Filipino sidecar shcwing murting for 
trailing arm suspension 



Fig. 3.19 Sidecar with trailing arm suspension. The suspension is fitt@?l 
with tm coil spring/damper units to withstand operation on 
rough tracks 

Fig. 3.20 Cargo-carrying sidecar 



3.3.4 blRE!dardhUb 

With trailing arm suspension, where the wheel is supported on both sides, 
a standard rrrotor cycle wheel and hub can be fitted. With swing arm sus- 
pension, where the wheel is supported anly on one side, either a rrotor 
cycle wheel with an adapted hub, or a fabricated wheel (both as described 
in Annex 5) can be fitted. If spoked motor cycle wheels are used it may 
be necessary to reinforce them to withstand heavy-duty use. 

3.3.5 Bodywork 

A variety of different types of passenger and cargo bodprk, as des- 
cribed in Annex 2, can be constructed on the chassis. Figure 3.20 illus- 
trates a simple cargo body. 

Figure 3.21 illustrates a body with two raws of seats which can 
carry four passengers in reasonable cunfort. 

Figure 3.22 shms a mined passenger and cargo body. Within the 
enclosed area is a seat for two passengers. Behind it is an open area 
(like a small pick-up body) for carrying goods. 

Figures 3.21 and 3.22 show how weather protection for the passengers 
is provided by msans of a canopy, side panels and perspex winds. In 
Figure 3.21 the canopy has been extended to provide protecticn for the 
driver as well. Normally, a lightweight, tubular structure is attached 
to the basic bodywork to mount tile canopy, side panels, etc. However, if 
luggage is to be carried on the roof of the sidecar, a stronger structure 
must be used to be able to support the additional weight. 

3.3.6 Brakes 

It is not normal practice to fit additional braking on the motor cycle 
wheel. 

Because, with sidecar fitted, the vehicle is much wider than the original 
motor cycle, it is important to fit an additional rear light and brake 
light on the sidecar. It is also desirable to fit an additional front 
light to show the width of the vehicle when operating at night. These 
additional lights can be wired into the existing motor cycle electrical 
system in the same manner as described for the trailer. mver, unlike 
the trailer it is unnecessary to make provision for rapid dissection 
of the additional lights and all the wiring can be pemently connected. 

3.3.0 m of mtar cycle 

For many urban sidecar applications, the rrrotor cycle suspension system 
can remain unchanged. However, for heavy-duty use it may be necessary to 
stiffen the front suspensicn, as described in Annex 3. 

For rural use on rough roads it is desirable to strengthen the rear 
suspension of the motor cycle. This is best achieved by fitting addition- 
al coil springs, or coil spring/damper units to the rear suspensim. This 
is easily done by bolting adapter plates to the existing rrountings to 
accept additional units. 

For rural use it is also custanary to reinforce the motor cycle 
wheels, particularly the rear wheel. This is done by fitting thicker 
spokes, and welding small diameter steel bars around the wheel rim. 
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Fig. 3.21 Sidecar with seating for four passengers 

Fig. 3.22 Sidecar with cabined passenger and cargo k&y 



3.4.1 Chrerallarrfiguraticl 

This vehicle consists of a standard motor cycle to which is attached an 
additional chassis which passes around either side of the motor cycle and 
is fitted with a tdeeled rear axle. Load-carrying bodyrk is mn- 
strutted on to this chassis. The chassis is attached to the n-&or cycle 
frame at: 

(i) the front of the frame inmsdiately behind the steering head; 

(ii) the rear suspension. 

Cmxallclimmsi~ The additional wheels should not be positioned too 
far behind the rear motor cycle wheel or poor steering characteristics 
will result. The re ccmnended distance fran the centre line of the 
additional wheels to the motor cycle rear axle is about 0.5m (i.e. the 
wheelbase is increased by about 0.5m). The re commended distance between 
the additional rear wheels (the track) is about 1.5m. The axle line of 
the additional rear wheels should be positioned approximately mid-way 
along the length of the load container for gocd weight distribution. 

Figure 3.23 shms the overall configuration of a typical four- 
wneeled conversion. 

Exhaust pipe The exhaust pipe may need rrrodifying because, in its standard 
position, the exhaust fumes can collect within the bcxdyrk of the 
vehicle which is hazardous to the rider and any passengers who ITEY be 
travelling in the vehicle. The exhaust silencer can easily be extended, 
and the fumes directed away frun the vehicle, by the attachment of a 
steel tube of a suitable diameter. 

3.4.2 chassis 

Figure 3.24 shm a typical chassis for this conversion, attached to the 
motor cycle frame. 

Configuration and ocnHm&icn of chassis As shawn in Figure 3.24, the 
conversion uses a flat platform chassis which canpletely surrounds the 
motor cycle frame. Welded to the chassis are the brackets for attachment 
to the motor cycle frame and for mounting the suspension which carries 
the two wheels. The chassis is best constructed frun hollow steel sec- 
tions of at least 501nn x 3Omn x 3n although channel sections of approx- 
imate dimensions 5Omt-1 x 25mn x 5m1-1 may be substituted (see Annex 1). 

Attachment to nutor cycle franr! The chassis is rigidly attached to the 
front of the m&or cycle frame: 

(i) by clamps which fit around the tubular frame members; or 

(ii) by welding a bracket on to the motor cycle frame to which the 
chassis can be bolted. 

The rear of the chassis is attached by links to the trailing arm 
that supports the motor cycle wheel, as shown in Figure 3.24. The links 
are pivoted at each end to allow the motor cycle wheel to move relative 
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Fig. 3.23 Typical configuration of four-wheeled conversion of mot.or cycle 

Fig. 3.24 Chassis for conversion showing method of attachment 
motor cycle frame and rear suspension system 

0 



to the chassis as the motor cycle rear suspension operates. The fact that 
the links are pivoted also reduces the transfer of loads fran the chassis 
to the trailing arm. The pivots should be mounted in rubber bushes to 
minimize wear, reduce vibration, and allow for slight mis- alignment of 
the links. 

Two horizontal links, with rollers at their ends, are rigidly 
clamped to the motor cycle top rear spring/damper mountings (Figure 
3.24). The rollers run on vertical rubbing strips which are located on 
the inner faces of the bodywork on either side of the motor cycle wheel. 
These rubbing strips should be attached to vertical extensions from the 
main chassis of the conversion. The rollers allm sane relative vertical 
movement but prerrent lateral movement between the c?onversion chassis and 
the n-&or cycle. 

3.4.3 zsusp=ticm, k&eels and l3EaJces 

The front and rear suspension of the motor cycle will normally remain 
unchanged. However, if necessary they, and the motor cycle wheels, can 
be reinforced in the same manner as described for the attachment of a 
side- car. 

The most convenient suspension system for the conversion is to use 
a dead beam axle carrying a wheel at each end, suspended on semi-elliptic 
leaf springs. This system is illustrated in Figure 3.24 and described in 
more detail in Annex 3. 

Standard motor cycle wheels can be adapted for attachment to the 
rear axle or alternatively a fabricated wheel that accepts a motor cycle 
tyre can be used (both methods are described in Annex 5). 

It is not normal practice to fit additional brakes to the con- 
version,. the vehicle relying on the braking capacity of the original 
motor cycle. 

3.4.4 Bodymnk 

The bodprk is constructed on the basic platform chassis, with ad- 
ditional frame members to support the body. Either cargo- or passenger- 
carrying bodywlork can be fitted and it is normal for the body to inoor- 
porate partially enclosed protection for the driver. Figure 3.25 illus- 
trates a typical cargo-carrying body which has the following features: 

U) weather protection is provided in front of and above the 
driver, but the sides are open for easy entry and exit; 

(ii) floorboards are fitted at the front of the body (this allows 
additional passenger seating to be fitted to the front of the load 
container on either side of the driver); 

(iii) construction is in alumini um and corrugated galvanized sheet; 

(iv) mudguards are fitted over the rear wheels. 

Figure 2.3 illustrates typical passenger bodwrk for this type of 
vehicle, fitted with two ~CN of bench seats. More detail of the seating 
arrangement is shm in Figure A2.1 of Annex 2. 

Annex 2 provides further information on different types of passenger 
and cargo bodFrk. 
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Fig. 3.25 Typical four-wheeled conversion of rotor cycle with cargo body 
and weather protection for driver 
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3.4.5 ww-msystaa 

Rear lights and brake lights can be attached to the mnversion and wired 
into the motor cycle electrical system in a similar mnner to that des- 
cribed in Section 3.2.7. 
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This chapter presents inforrrWion on small-engined, lo&i-carrying three- 
wheeled vehicles for the transport of goods and passengers. Ned with 
a four-wheeled vehicle of conventional configuration a three-wheeler has 
two significant disadvantages: 

W it is less stable, and it is therefore important to position 
the centre of gravity of the vehicle correctly (see Annex 4). 
However, a wll-designed three-wheeled vehicle will have acceptable 
stability, particularly at the speeds at which they usually travel; 

(ii) because of its configuration it is difficult to operate on the 
type of rural track that consists of a pair of parallel wheel ruts 
separated by a grassed central section. Temporary wooden bridges 
that have tm separate parallel wheel tracks are also difficult to 
negatiate. 

However, the three-wheeled configuration also offers certain signif- 
icant advantages over four-wheeled vehicles: 

(i) the chassis is simpler and lighter; 

(ii) for a vehicle with a single front wheel the steering arrange- 
ment is much simpler: 

(iii) the braking system is simpler; 

(iv) the nmr of components required is smaller. 

As a result of these characteristics a three-wheeled vehicle will 
be cheaper to purchase, and have lower running costs, than an equivalent 
four-wheeled vehicle. 

A variety of types of small-engined three-wheeled vehicle are pro- 
duced in different parts of the world. Of this range tm types are con- 
sidered to be particularly suitable for small-scale manufacture in devel- 
oping countries, and several curmercially produced examples of the fol- 
lowing are featured in Chapter 8: 

- motor cycle based three-wheeled vehicle; 
- small diesel-engined three-wheeled vehicle. 

The first of these rtquires a brief definition. The previous chapter 
was concerned with devices which can be attached to an existing motor 
cycle, without modification or adaptation of that n-otor cycle, to in- 
crease its load-carrying capacity. Several motor cycle manufacturers also 
produce purp3se-designed three-wheelers using the same basic technology 
as their two-wheelers. 

There is also a third category of load-carrying vehicle based on 
motor cycle technology, which involves the modification or adaptation of 
a standard motor cycle to canvert it into a three-wheeler. The adaptation 
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or conversion of motor cycles in this way is a very appropriate activity 
for small-scale industries. 

4.2.1 Sel~ofrmtnrcycle 

When establishing the manufacture of motor cycle based three-wheeled 
veh'ries, it is sensible to concentrate on producing a conversion for 
jwl- one, or for a limited range of, standard tier cycle rmdels. This 
jj preferable to attempting to produce conversions to suit any type of 
motor cycle which will result in high costs and make it difficult to 
introduce efficient production methods. The first consideration in the 
selection of the motor cycle for conversion is to choose a model, or a 
small range of models, which is in m use and is easily available in 
the particular country. 

Within this constraint there are several other considerations in 
selecting a suitable model (or mzdels) of motor cycle for conversion: 

1. An important factor is the mr output of the engine. While 
there are examples of 5Occ mopeds being converted to load-carrying 
three-wheelers, these are only light-duty vehicles with limited 
carrying capacity. It is preferable to select a rrotor cycle with an 
engine capacity of at least 100~~. This will provide the Fr to 
propel a loaded three-wheeler at adequate speeds. In my developing 
countries the most popular motor cycles are of 80-125~~ capacity and 
there are several examples of their successful conversion to three- 
wheeled load carriers. However, in sane countries motor cycles of 
175-250~~ are also in carmon use and n&e a suitable base for con- 
version. Larger engined motor cycles, of greater than 25Occ, are 
less cutnon and are usually expensive (because they tend to attract 
higher rates of import duty and road tax, etc.). Hcwever, if a very 
heavy-duty vehicle is required, with a greater load-carrying capa- 
city than can be provided using more easily available motor cycles, 
it is sensible to base it on a large-engined model. 

2. The engine, transmission, brakes, etc., will inevitably be more 
highly stressed when the motcr cycle is converted to a load-carrying 
three-wheeler. It is therefore important to select a tie1 which has 
a good reputation for reliability and robustness. M&or cycle design 
is becaning increasingly sophisticated, and more models are be<xming 
available with complex suspension, transmission and braking sys- 
tems. However, it is preferable to choose a basic design of motor 
cycle with siile, well-proven systems to ensure reliability and 
ease of maintenance. 

3. Motor cycles of 80-125~~ engine size usually have one of two 
types of chassis construction - pressed steel, or welded tubular 
steel. It is preferable to use a motor cycle with a welded tubular 
steel chassis, since this will be stronger, and it is easier to fit 
additional mounting brackets for the attachment of the frame exten- 
Sian. 

4. Scooters - motor cycles with snall-diam&er wheels and wide- 
section tyres - are an excellent basis for conversion to three- 
wheeled vehicles although they are only easily available in certain 
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developing countries. A scooter's -11 wheels are particularly 
resistant to the greater loads exerted by the cornering of a three- 
wheeled vehicle. A scccter also has a lower centre of gravity than 
a conventional mator cycle and this often results in a scooLr-based 
three-Gheeled vehicle being slightly nwlle stable. However, because 
of the -11 wheels and law ground clearance, scooter-based three- 
wheelers are generally not suitable for rural use on rough roads and 
tracks. 

4.2.2 Ananptmtof-icn 

There are tW3 basic arrangements for a three-wheeled conversion of a 
motor cycle: 

1. TM3 rear wheels/single front wheel: in this arrangement the 
load is carried behind the driver. The standard frort end is re- 
tained, including the steering system, handlebar controls, rider 
seating and the engine and gearbox punting. The rear end is con- 
vert& to a tmeeled arrangement and this involves adaptation of 
the transmission and rear braking system, and the fitting of a new 
rear suspension. An example of this arrangement is shown in Figure 
4.1. 

2. Single rear wheel/tm front wheels: in this arrangement the 
load is carried in front of the driver between the tm wheels. The 
standard rear end is retained including the transmi ssion system and 
rear brake, the seat and the engine and gearbox nounting. The front 
end is converted to a tmeeled arrangmt and this involves the 
fitting of new steering, front suspension and braking systm, and 
the adaptation of the handlebar controls. An example of this ar- 
rangement is shown in example 4 in Chapter 8. 

The second of these arrangements is restricted to light-duty ap- 
plications since it is dynamically unstable except with light loads and 
at law speeds, and the available load-carrying space is limited. The pre- 
ferred arrangement is therefore to have two rear wheels and a single 
front wheel. This option is rrore stable and safer, offers greater flex- 
ibility of use and allows heavier-duty applications. The following tech- 
nical details concentrate on the first arrangmnt, conversions based on 
tworearwheels and a single frontwheel. 

4.2.3 oKJemllanfi~aticnof-icm 

The following tiifications are required to convert a standard motor 
cycle into a three-wheeled vehicle: 

1. Disconnect rear braking and lighting system. Rerrove rear wheel, 
mudguard and suspension. 

2. Fit chassis extension to motor cycle frame. 

3. Fit suspension and rear wheels to chassis, and adapt trans- 
mission system to drive the rear wheels. 

4. Fit braking syste%n on rear wheels. 
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Fig. 4.1 Typical three-wheeled vehicle configuration with two rear 
wheels. Note a Iso fuel tanks mounted on front of load container 

Fig. 4.2 Chassis extension bolted directly to motor cycle frame 
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5. Construct bodywork. 

6. Add new rear lighting system. 

All these nrdifications are discussed belcrw, but there are certain 
other general considerations. 

-dimensirlns l%e wheelbase (see Annex 4) of a three-wheeled 
conversion will normally be langer than that of the original motor cycle 
in order to provide an adequate load-carrying area. mver, it is 
important not to make the wheelbase too long since this has certain 
adverse effects: 

(i) there is a risk of the chassis extension, and its attachment 
to the motor cycle frame, being overstressed; 

(ii) if the load space is too large, this increases the risk of the 
vehicle being overloaded beyond its design capacity; 

(iii) the adaptation of the trantission system becanes more 
qlex; 

(iv) the manoeuvrability of the vehicle decreases. 

It is recomnended thatthewheelbase should notbe extendedbyrrore 
than one metre (lm). As a guide, the wheelbase of a three-wheeled con- 
version is likely to be between 1.75-2.5m, dependirlg on the mr of the 
motor cycle, and the -itions of operation. 

The distance between the rear wheels of the vehicle is called the 
track (Annex 4). A wide spacing between the rear wheels of the vehicle 
-increase its stability and load-carrying area. If it is too wide, 
however, this causes adverse effects similar to those of extending the 
wheelbase. The track should never be wider than that of a small motor car 
or light (1 tonne) pick-up truck. In many situations there are advantages 
in making the track narr-r than this. Fbr example, it makes the vehicle 
more manoeuvrable in crtied city traffic. As a guideline the track of 
a three-wheeled conversion is likely to be between 0.9-1.25m. 

Driver sxxkirq Most motor cycles suitable for conversion to a three- 
wheeled vehicle are equipped with a seat for tm people. With this seat 
ranoved and a single seat for the rider substituted, the load-carrying 
area can be brought forward and the vehicle frame made m3re rigid. Motor 
cycl*based three-wheeled vehicles are sometimes fitted with a seat suit- 
able for two people sitting abreast. Side rails can be added to both 
sides of this kind of seat for added safety. 

puel tank Q1 sane motor cycle based conversims the fuel tank is re- 
located to allaw the seat to be noved further forwards and so increase 
the load space at the rear. If taken too far, mver, this modification 
can result in an undortable riding positim. 

A scooter normally has the fuel tank situated above the engine and 
beneath the seat. This can be relocated to allaw the load platform to be 
better positioned. On many scooter-based conversions one or two petrol 
tank(s) are mounted on the front of the load container (Figure 4.1). 

lzxhampipe The exhaust pipe may need r&iifying because, in its 
standard position, the exhaust ftnnes can collect within the bodFrk of 
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the vehicle which is hazardous to the rider and passengers. The exhaust 
silencer can easily be extended, and the fumes directed away from the 
vehicle, by the attachment of a tube of a suitable diameter. 

4.2.4 alas&sand esystan 

chassis t7tkemem The chassis extension of the three-wheeled vehicle 
supports the rear suspension and final drive of the transmission system, 
the load platform and body+mrk. The chassis extension must be securely 
attached to the motor cycle frame to form a single, structural unit for 
the vehicle. At least three munting points are required to give adequate 
strength. The location of these mounting pints will obviously vary with 
different types of motor Lqcle, but they should be spaced as far apart 
as possible, which will increase rigidity and reduce the stress on the 
frame menibers. 

The attachment of the chassis extension to the rotor cycle frame can 
be achievedby: 

- direct walding; 
- bolting to existing brackets on the motor cycle frame; 
- welding additional brackets to the motor cycle frame and bolting 

the chassis extension to these. 

Direct welding to the mtor cycle frame will result in a very rigid 
structure, but has the possible disadvantage of eliminating the option 
of converting the motor cycle back to its original state. If the con- 
figuration of the motor cycle frame allaws, the simplest method of 
attachment is to bolt the extension to existing brackets on the frame. m 
a conventional motor cycle frame suitable location brackets are the top 
coil spring/damper rmuntings, the passenger foot rest brackets and the 
trailing arm pivots. Figure 4.2 shws a chassis extension bolted to a 
rmtor cycle frame at the coil spring/damper muntings and the passenger 
foot rest brackets. 

The simplest form of chassis extension is a rectangular load plat- 
form with additional members for the attachment to the motor cycle 
frame. The chassis should be fabricated fran hollow steel sections as 
described in Annex 1. Figure 4.2 illustrates a chassis extension of this 
type. The centre of the load platform will usually be positioned just 
ahead of the rear axle line with the tm rear wheels mounted on either 
side. The weight bias of the load in fret of the axle should not exceed 
60 per cent, tiver, to avoid the frame beaming over-stressed and the 
front &eel overloaded. As discussed in Annex 4, the weight distribution 
will have a major effect on the controllability of the vehicle and sane 
ex- perimentation with different load positions will be mrth while. The 
load platform is usually positioned over the wheels when small-diameter 
scooter wheels are fitted, and betwen them when larger wheels are fit- 
ted, although thebodymrkmythenextendover thewheels. 

Sccmters samtimes have a large, central frame member. On a 
three-wheeled conversion this can be extended at the rear and bent up to 
suppart the underside of the load platform. The load platform is also se- 
cured to the upper members of the scooter frame to form a rigid struc- 
ture. 

If the three-wheeled vehicle is fitted with bodywork that extends 
fomard of the rider, as in Figure 4.3, then additional rmunting points 
will be required at the front of the motor cycle frame. 
F!rmt cmqemim The frmt suspension asser&ly of the vehicle can remain 
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Fig. 4.3 Nator cycle based vehicle with fully enclosing bodmrk 

Fig. 4. 4 Collverted motor cycle with motor car rear axle adapted to chnil 
drive, and coil sprung load container 
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unchanged fran that of the original motor cycle. However: 

1. The front fork of the motor cycle may need stiffening to 
compensate for the increased vehicle weight. The method of stif- 
fening is described in Annex 3. 

2. As discussed in Annex 4, the steering geanetry of a motor cycle 
is not ideal for a three-wheeled vehicle. If the rear of the motor 
cycle is attached to the chassis extension so that it is raised 
above its normal height, then the castor angle of the front forks 
will be increased which will improve the steering characteristics. 

3. Leading link forks are eetimes substituted for the standard 
telescopic units, as described in Annex 3. 

Iilsar suspensian The rear suspension of a m=rtor cycle based three-wheeled 
vehicle has to be designed in conjunction with the transmission system. 
Rear suspension design is therefore included in the discussion in the 
next section. mver, in sumMly there are three options, 

To avoid the complexities of providing suspension to driven rear 
wheels, it is cunron practice with this type of vehicle to attach the 
rear axle directly to the chassis extension and use a sprung load con- 
tainer. Figure 4.4 shaws the chassis of an Indian three-wheeled vehicle 
based on a powerful 'Harley Davidson' motor cycle with a rrrotor car rear 
axle and coil springs supporting the load container. This type of coil- 
sprung load container is best fitted with dampers to control its oscii- 
lation. 

However, if facilities and resources allow, it is preferable to fit 
rear suspension to the vehicle. This can be done using a suspended live 
beam axle or, the most ccmplex method, by independent suspension on each 
rearwheel. 

Annex 3 gives more information on suspension systems. 

4.2.5 -ssicnsysten 

The function of the transnission system is to transmit the drive frun the 
motor cycle gearbox to one or both of the rear wheels. The qlexity of 
the transmi ssion can vary according to the level of performance required 
and ,the available resources. Many cattnercially produced three-wheeled 
vehicles use a drive shaft for transmi tting-r fran the enginetothe 
rear axle. mver, for a motor cycle based conversion a chain drive 
configuration is mDre straightfo&, cheaper and, because it is more 
elastic, gives mther Fr delivery than a shaft drive (Figure 4.5). 

It is possible to fit independent rear suspension to a motor cycle 
based conversim, with each rear wheel driven by its own chain drive, as 
described in Annex 3. B%ever, this is a canplex system and l%r mst ap 
plications it is simpler to use a live beam axle at the rear. With a live 
becam axle the simplest transmission system is to extend the m&or cycle 
drive chain to a sprocket on the rear axle. This will place sane con- 
straints on suspension movement and, if the wheelbase is very long, the 
chain may becane too long for effective operation. In this situatim the 
chain fran the motor cycle can be arranged to drive an intermediate shaft 
which drives another chain to the rear wheels. It is preferable to avoid 
the need for this by limiting the length of the tieelbase, mver. 

Since the final drive chain must be extended beycmd its original 
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Fig. 4.5 Chain-driven live beam axle suspended on leaf springs and 
fitted with drum brake 
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Fig. 4.6 Schematic diagram of chain tensioning device 

56 



length, this increases the likelihood of it becaning detached fran the 
sprockets. For this reasm it is important to maintain the chain at the 
correct tension. Sane chain-driven three-wheeled vehicles rely on the 
rermvalof individual chain links to achieve the correct chain tension. 
mwever, it is preferable to fit a chain-tensioning device. These are 
usually spring-loaded small chain &eels or rubber slippers that support 
the lx&tan run of the chain and are usually positianed close to the final 
drive sprocket (Figure 4.6). F3y maintaining the chain in slight tension, 
these devices help prevent it fran becoming detached and increase the 
smothness of the power delivery. 

A drive chain of the type used on the original motor cycle can be 
used on the converted vehicle, although it must be increase in length. 
The final drive sprocket on the rear axle can also be taken fran a motor 
cycle. It is important to understand that the chain, along with all other 
transmission mnponents, will be more highly stressed than on the orig- 
inal motor cycle. 

The sizes of the motor cycle gearbox sprocket, the rear axle final 
drive sprocket and the outside diameter of the driven wheel(s) determine 
the final drive ratio of the vehicle. The final drive ratio of the mn- 
verted vehicle ml1 need to be 1-r than that of the motor cycle because 
the total vehicle weight when loaded will be substantially greater. It 
is determined by the following calculaticm: 

T1 ---- x D 

T2 

Where: Tl is nmber of teeth on gearbox sprocket. 
T is nunber of teeth on final drive sprocket. 
I? is outside diameter of driven wheel(s). 

Thus the final drive ratio can be reduced by: 

(i) using a larger final drive sprocket than that fitted to the 
rear rmtor cycle &eel (increasing T2); 

(ii) using a smaller-diameter drive sprocket (decreasing Tl); 

(iii) using a smaller-diameter driven wheel than the rear m&or 
Lqcle wheel; 

(iv) a cmbinaticn of (i), (ii) and (iii). 

Option (i) is the most preferable because it minimizes the load on 
the chain and sprockets. 

As a guideline, the final drive ratio of the mnverted vehicle 
should be 20 to 40 per cent lmr than that of the original motor cycle. 

The simplest transmi ssion arrangement is therefore to extend the 
motor cycle chain drive to a sprocket mounted on the live rear axle to 
Ik;hich the tm rear wheels are directly attached. The axle can be attached 
directly to the chassis, or via leaf springs. An arrangemer% of the 
latter type is shcm in Figure 4.5. This type of rear axle is a single 
shaft which both transmits pmer and acts as a beam supporting the load 
platform. In order to fulfil both roles, this type of beam axle is 
typically a hollm steel shaft of substantially greater diameter than 
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that of a nm-load supporting drive shaft. An example is shm in Figure 
4.7. The axle-supporting bearings should be positioned as close to the 
wheels as pssible in order to minimize the bending stresses imposed on 
the beam axle by the chassis. To accarmodate any misalignment or deflec- 
tions of the driven beam axle, it is desirable that it rotates in self- 
aligning bearings, which can be nounted in plunmer blocks. These bearings 
are also better at resisting the axial loads experienced by the axle when 
the vehicle negotiates a comer than ordinary deep-grcove bearings. 

use of diffezlential mit When a three- or four-wheeled vehicle is driven 
round a curve, its outer wheel must travel a greater distance than the 
inner one and therefore carrplete a greater nmker of revolutions in the 
same time. Therefore, if both wheels are fixed to the drive axle, as des- 
cribed above, the vehicle can became difficult to steer, and tyre wear 
rate increases. It is therefore preferable to make provision on the drive 
axle to allow the wheels to rotate at different rates. On roost carmerci- 
ally produced vehicles this is achieved by the use of a set of gears, 
usually mounted on the drive axle, called a differential unit. This 
device not only enables the drive wheels to revolve at different rates 
but also balances the driving torque equally between them. 

A disadvantage with using a differential unit is that it drives tm 
shafts, one for each wheel, each of which must be independently supported 
by bearings. This necessitates a relatively heavy, more cunplex construc- 
tion for the rear axle. Rear axles incorporating ,cmall differential units 
for chaiil drive can only be locally produced b;~ well-equipped workshops 
with gear-cutting facilities. 

The rear axle assembly fran a conventional motor car or pick-up can 
be successfully used in conjunction with a motor cycle to form a three- 
wheeled vehicle. The advantages of this arrangement are that it uses a 
strong axle with ready-mde rrountings for motor car hubs and wheels, and 
a differential that can be adapted to chain drive. The suspensim munt- 
ings may also be useful for attaching the axle to the chassis. 

Amethodis caamwxlly employed in India to convert the differential 
unit fran a motor car rear axle to chain drive. A sprocket is attached 
in place of the larger gear within the differential housing, and the rear 
of the housing is cut away to allaw access for the drive chain. The rear 
axle is then fitted with the axial drive flange facing rearwards. This 
arrangement is used on the vehicle in Figure 4.4. Cutting holes in the 
rear of the housing, or removing it altogether, will result in the lubri- 
cnnt, normally present in the differential unit, leaking out. Regular 
lubrication of the internal gears is therefore necessary. 

Because of the cclnplexity and high cost of differential units and 
their associated rear axle assemblies, many lcw-mst, chain-driven 
vehicles feature an alternative method of enabling the wheels on the rear 
axle to rotate at different speeds. This is done by allowing one wheel 
to revolve freely relative to the axle, using a hub ass&ly, and the 
other to be fixed. An axle can be fabricated frcm a length of heavy-gauge 
steel tube, of around 5@nn diameter, which is machined to accept bearings 
at each end (Figure 4.7 shows an example of such an axle). A final drive 
sprocket is bolted to a boss mounted on the axle so that it lines up 
precisely with the drive sprocket on the motor cycle. The disadvantage 
of this system is that only the fixed wheel transmits the driving torgue 
to the road, resulting in inferior steering and traction characteristics 
cunpared to those achieved using a gccd differential unit. 

When suspension is fitted to a rear beam axle there can be a large 
relative angular movement between the axle and the vehicle frame. This 
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results in the drive sprocket, fitted to the motor cycle gearbox, be- 
coming angularly mis-aligned relative to the driven sprocket fitted to 
the rear axle. A drive chain cannot tolerate much misalignment without 
it becoming detached fran the rear sprocket or breaking. It is therefore 
important to limit the suspension n-ovement on a chain-driven rear axle. A 
spring-loaded chain tensioner, as described near the beginning of this 
section, will reduce the possibility of the drive chain becuning 
detached. 

Most modem motor cycles feature a 'tush drive' unit in the hub of 
the rear wheel. This device uses a nunber of rubber elements to transfer 
the drive fran the sprocket to the rear wheel. The device reduces the 
harshness of the pawer transmission and results in better wear character- 
istics of all. the transmissicn vents - especially the chain and 
sprockets. It is desirable to fit sane kind of tush drive unit on the 
rear axle of a three-wheeled conversion, either by incorporating it in 
the sprocket mounting boss or in the hub of the driven wheel(s). 

For reasons of safety the drive chain of a motor cycle-based three- 
wheeled vehicle should be shrouded with a guard. 

Wheels On a motor cycle based three-wheeled vehicle, the standard front 
wheel is normally retained. The choice of rear wheels, hover, can vary 
- generally, all the different types of wheels discussed in Annex 5 can 
be suitable, except truck wheels which are too large. 

A lightweight three-wheeler is best fitted with motor cycle- or 
scooter-type wheels (see Annex 5). Motor car wheels are rrore suitable for 
a heavy-duty vehicle: cunpatible motor car hubs should then be used as 
discussed in Annex 5. 

Scooter-based three-wheelers are usually fitted with scooter-tp 
rear wheels but, theoretically, motor cycle or motor car wheels could 
also be used. 

4.2.6 Ekalces 

It is ret armended that only motor cycles fitted with drum brakes should 
be used for conversion to three-wheeled vehicles. The front brake of such 
a motor cycle is actuated by means of a hand lever on the handlebar, 
through a cable. This can remain unchanged on the converted vehicle. The 
rear brake of the motor cycle is actuated by a foot pedal through a mech- 
anical rod linkage. This foot pedal can be retained to operate the rear 
brakes of the converted vehicle, through an extend4 linkage. 

The type of rear wheel brake used is dependent on both the type of 
wheel/hub used and the transmission system: 

1. If motor cycle or scooter wheels/hubs are adapted for use at 
the rear of the vehicle, their drum brake ass-lies can also be 
converted to operate fran the motor cycle mechanical linkage. 

2. If motor car hubs are fitted it is possible to use the 
hydraulic drum brake assemblies by either: 

(i) fitting a simple hydraulic system with a motor car 'master 
cylinder' operated by the motor cycle foot pedal; or 

(ii) retaining a mechanical linkage and converting the ~~UTI 
brakes to cam operation. Note: the mechanism fitt& to aor 
car drum brake assemblies for operating the parking brake is 
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not usually durable enough to accept the loads required for 
dynamic braking of a laden vehicle. 

3. AII exposed chain-driven beam axle without a differential can 
be fitted with either a band or block brake. Figure 4.7 shows such 
an axle fitted with a band brake. The brake is connected to the 
existing mechanical linkage. HoWaver, if only one rear wheel is 
driven and the other revolves freely on the axle to a-ate 
cornering requirements, then only the fixed wheel will experience 
braking force. Braking on only one rear wheel requires considerable 
care to avoid 'lccking-up' the wheel and so causing a loss of 
vehicle stability. 

Further information on brakes is given in Annex 6. 

4.2.7 Baiywmk 

The completed vehicle chassis can be fittod with a variety of different 
types of cargo- and passenger-carrying bodyklork which are described in 
Annex 2. 

In most countries, a motorized three-wheeled vehicle is required to dis- 
play tm rear and tm brake light units. These lights are easily operated 
on a motor cycle based vehicle by extending the wires normally used to 
Fr the standard lighting. An earth wire, securely attached to the 
motor cycle frame, is also needed. Turn indicators can be installed just 
as easily. Rear light units fran almost any motor vehicle can be attached 
to the rear of the vehicle and arranged to illtinate the n-r plate. 
Red reflectors should also be nounted at the rear to increase the visi- 
bility of the vehicle at night. 

4.3S'lALLDIESEL-EBGIMZI~VE¶3IQ[E 

4.3.1 oLw?ran aLwl.fi~ticn 

For the same reasons as discussed in Section 4.2.2, this publication con- 
centrates here on diesel-engined three-wheeled vehicles which have tm 
rear wheels and a single front &eel. The main choice in deciding on the 
overall configuration of the vehicle is to decide whether the engine 
should drive the front or rear wheels. 

The main advantage with driving the front wheel is that the trans- 
mission system is very simple and there is no need for a differential 
unit (see Section 4.2.5). The min disadvantage is that traction will be 
poorer than if the rear *eels are driven, since the payload is carried 
behind the driver, and weight is transferred away fran the driven wheel 
under acceleration and when travelling uphill. Thus a front-wheel driven 
vehicle will be cheaper, but less efficient, than one with rear-wheel 
driven configuration. 

I&cation of engine If front-&eel drive is used, the engine and trans- 
mission should be attached to the subasserrbly supporting the front wheel 
so that the engine pivots in unison with the wheel when steered (Figure 
4.8). This arrangement frees the transmission fran any omqlications due 
to the operation of the steering mechanism. The engine will normally be 
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Fig. 4.8 Diesel-engined three-wheeled vehicle wit:, front-mounted engine 
driving front wheel 

Fig. 4.9 Diesel-engmed three-wheeled vehicle with engine munted in 
front of load container, driving rear wheels. 



located close to, and in front of, the driver. 
If rear-wheel drive is used there are a number of possible locations 

for the engine. The engine can be mounted at axle level, under the load 
container, or the final drive mechanism can be extended and the engine 
mounted much higher, in front of the load container (Figure 4.9) or even 
in front of the driver. 

Figure 4.10 shows a vehicle with the engine mounted beneath the load 
container. The engine has a ccmpact transmission system and drives the 
rear axle. me advantage of this configuration is that it maximizes the 
area of the 1-d container. A disadvantage of this design is that the 
load platform must be placed high which results in a higher centre of 
gravity for the loaded vehicle and so reduces its stability. Ground 
clearance beneath the engine my also becane limited. If the engine is 
situated close to the rear axle, the final drive mechanism will be short 
and this will restrict the movement of tne rear axle if suspension is 
fitted. 

Positioning the engine above the rear axle level and near the driver 
usually involves an additional drive mechanism, typically a belt or ch& 
drive arrangement, which transfers the pr to the final drive mech- 
anism. The additional drive mechanism can incorporate a clutch and dif- 
ferent gear ratios. Figure 4.11 is a schematic view of a possible engine 
and transmission configuration. 

Overall 7' . The considerations in determining the overall di- 
mensions of the vehicle are essentially the same as those discussed in 
Section 4.2.3. Chapter El features four ~~11 diesel-engined vehicles 
commercially produced by the following canpanies - Martin Trucks Ltd., 
E!ajaj Tempo Ltd., Trag Project and mters India Ltd. The dimensions, 
weights and payloads of these vehicles will serve as guidelines for a 
designer considering IMnufacture of a similar vehicle. 

Driver s-l&q The driver's seat should be positioned to allow direct 
control of the steering mechanism. The driving seat should behigh enough 
to permit good all-round vision fram the vehicle. Care should be taken 
to ensure that the exhaust system directs engine fumes away fran the 
driver and any passengers. 

4.3.2 Selb of engine 

A single-cylinder diesel engine should nonrelly be selected for this type 
of vehicle. 

Single-cylinder diesel engines are used world-wide for such applica- 
tions as water pqs, generators and -r-tillers. mgines of this type 
are usually rated by their maximum Fr output, although the pr they 
can produce for prolonged periods is usually significantly less than the 
figure shown on the engine plate. For a utility three-wheeled vehicle the 
engine pawer rating should not be below 4kW. If it is less the vehicle 
may not have sufficient pu&r to clti hills, traverse rough ground or 
carry a significant load. The availability of lightweight diesel engines 
of power rating over 15kW is relatively poor, and vehicles fitted with 
larger engines than this cannot be termed 'low ast'. In rreny developing 
countries, diesel engines with a power rating of 6-1OkW are popular and 
ideal for fitting to three-wheeled vehicles. Most engines have output 
shafts with a horizontal axis which is the type required for vehicular 
use. 

It is important to select a model of diesel engine which has a good 
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Fig. 4.10 Diesel-engined three-wheeled vehicle with engine mounted 
beneath the load container 
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local reputation for robustness and reliability, and for which spare 
parts are easily available. 

Single-cylinder diesel engines are usually mde fran cast iron and 
can be air or water cooled. For simplicity, an air--led engine is 
preferred since it elimi.lates the need for a cooling system. mver it 
is important to ensure that: 

(i) the air-cooled engine will operate for extended periods with 
a fully loaded vehicle without overheating; 

(ii) the engine is mounted in the vehicle so that it receives an 
adeguate flow of rooling air. 

If it is necessary to use a water-cooled engine it is preferable to 
select a model which has tank cooling, to avoid the need for a radiator/ 
pv cooling system. 

Single-cylinder diesel engines are usually quip@ to be started 
by hand with a starting handle, rope or recoil starter. S~XIE feature a 
battery-~pawered starter motor, but for a lcw-cost vehicle this is usually 
an unnecessary expense. When selecting an engine the direction of rota- 
tion should be considered - this is usually anti-clockwise when facing 
the output shaft. Same engines are equipped with a geared unit which 
reduces the drive speed of the output shaft. Different engine attachments 
are often offered by the mufacturers, including a remote throttle 
control linkage, oil pressure indicator, exhaust extension and shaft 
coupling units. 

The tian3nission system performs the following functions: 

1. To allow disconnection of the engine fran the driving wheels. 
This is necessary to start the engine and to allow it to run whilst 
the vehicle is at rest. 

2. When the engine is running, to enable the drive to be smoothly 
connected to the driving wheel(s). Roth this, and the previous 
function, are performed by a clutch. 

3. To reduce the drive-line speed fran that of the engine to that 
of the driving wheels. The ratio will depend on the relative size 
of engine, the weight of the vehicle and its desired perforce. 

4. To enable the ratio of the engine speed and the speed of the 
driving wheel(s) to be varied. This function is performed by a 
gearbox. 

For a law-cost vehicle, a mechanical transmi ssion system will be 
used. 

Generalarrangaaerrt0fma.l The mr developed by the engine 
is transmitted to the driving wheel(s) by a transrni ssion system which 
consists of a primary drive, clutch, gearbox and final drive. The primary 
drive transfers pokffr fran the engine output shaft to the clutch. With 
the clutch engaged, power is transmitted through the clutch to the gear- 
box and final drive to the wheel(s). 
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The basic elements of the transmission system are illustrated in 
Figure 4.11. 

clutch The clutch should allaw gradual engagement of the drive frun the 
engine and will usually depend on friction for its operation. Three op- 
tions are possible: 

1. The friction-plate clutch is the roost poIMlar type used on 
motor velvcles. It consists of tm circular discs which face each 
other. Qle disc is driven by the engine's output shaft while the 
other is attached to a shaft which is connected to the driving 
wheel(s) via the transmi ssion system. The two discs are gradually 
brought into contact which creates a frictional force between them 
that gradually transfers the pr fran the ouptut shaft to the 
transmission. Cnce both plates are rotating at the same speed, the 
clutch is fully engaged. 

The discs are pressed together with a spring which keeps the 
clutch in constant engagement. To disengage the clutch the discs are 
separated by pulling one of them hick against the pressure of the 
spring. 

A friction-plate clutch is normally operated through a mech- 
anical linkage by a foot pedal or hand lever. 

2. The centrifugal clutch automatically engages the drive frcm the 
engine at a pre-determined speed. The use of a centrifugal clutch 
simplifies the control system of the vehicle since there is no sep- 
arate clutch control - its operation is controlled by engine speed. 
Homver centrifugal clutches are best suited to light-duty vehicles 
and are not re conmended for heavier duty diesel-engined three- 
wheeled vehicles. 

3. The tens_ioned-be1 t clutch is the simplest and cheapest type and 
is carmm?ly fitted to small, -red aqricultural devices such as 
single-axle tractors. It is notas efficient as the preceeding types 
of clutch, but it is easily constructed and its performance is 
adequate for lo+cost diesel-engined vehicles. 

One or more V-belts are arranged to transfer the drive from a 
pulley fitted to the engine's output shaft to another shaft 
mnnected to the next stage of the transmi ssion system. The belt 
tension is set deliberately loose but a spring-loaded idler wheel 
is used to take up the slack in the belt. An example of this 
arrangement, as used on a single-axle tractor, is shown .in Figure 
4.12. The drive is disengaged by releasing the pressure of the idler 
wheel frun the belt which allows the belt to beccme so slack that 
it is no longer gripped by the engine pulley. This disconnects the 
drive fran the engine. A close-fitting roller or guard shculd be 
fitted to the tension side of the belt run to mimize the belt 
slackness around the disengaged pulleys, and so reduce the tendency 
of the belt to bind. The drive is re-engaged by allowing the idler 
wheel to exert force gradually on the belt until it is again gripped 
by the engine pulley. The movement of the idler wheel is usually 
controlled by a hand lever. 

This type of clutch does not deliver such a smooth power 
engagement as mventional friction clutches, but the elastic nature 
of the belt does absorb sane of the shock. It is important to 
specify a heavy duty belt or belts with sufficient capacity to 
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Fig. 4.12 V-belt clutch fitted to single-axle tractor 
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absorb repeated loadings fran clutch operation when the vehicle is 
fully loaded. 

of the three types described a friction-plate clutch will usually give 
the best perforce. Friction plate clutch mechanisms fran motor cars 
are usually part of the gearbox unit and can be adapted for use with a 
diesel-engined three-wheeled vehicle. Commercially produced 
friction-plate and centrifugal clutch mechanisms may be available in sune 
auntries. A nurrber of designs exist for producing a simple friction 
plate clutch but all require the use of a well-equipped mrkshop with 
machine tools. 

Primary drive The drive can be transrni tted fram the engine crankshaft 
to the clutch by the following n&ha%. 

1. Flexible coupling The clutch can be driven directly from the 
engine, with no reduction in speed of rotaticn, through a shaft. If 
the clutch is located adjacent to the engine it can be positioned 
precisely and a rigid shaft coupling used. mver, if the engine 
and clutch are mounted independently on the chassis it is impossible 
to position them precisely so that the shaft axes coincide. Figure 
4.13 shm the three types of misalignment that can occur between 
the shaft axes. In this situation a flexible coupling must be used 
to a-ate any misalignment and thus prevent excessive loads 
being imposed on the shafts and their bearings. 

Small diesel eqines usually use a flexible ,oupling unit to 
transfer the drive from the engine output shaf:- and deny manu- 
facturers supply these to suit individual eng'nes. A locally pro- 
duced alternative to 3 .\rrmerciall!. prcducerl coupling unit is a 
flexible-ring joint (r'igure 4.14) * These are often used to cwvlect 
shafts b2--ween which the rnisaligilmolt is not very large. The shafts 
are provided with three-ml flanges, which are bolted to the 
opposite faces of a flexLble ring, 
arrargtd mid-way b&-i the other. 

the arms of one flange being 
The flexible ring is usually 

made of one or more rinTs of rwrized fabric and on a locally 
produd device those can be layers cut fran urn tyres fran a motor 
vehicle. '&en the sha"s are revolving about non-coincident axes 
there is continuous kAexing of the ring. 
~ertts assist in -thing out vibrations. 

Joints using rubber CXX+ 

2. Chain Drive k&ain drive is an efficient method of vr trans- . 
miss~in. It has a number of advantages over direct shaft drive: 

(I) it allcws a reduction iri speed of shaft rotation between 
the engin and clutch, and the sprocket sizes can easily be 
changed to suit the desired drive ratio; 

(ii) there is a freedan of choice of oentre-to-oentre distance 
‘r\ ?tween the shafts ; 

(iii) the chain has enough flexibility to a mate minor 
mis~?lignment due to flexing of the vehicle classis; 

(-v) chains are widely available and sprxkets are not diffi- 
o*:!t to produce using basic machine tools; 
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Axial misalignment 

Fig. 4.13 The three possible types of shaft misalignment 

Three-armed flanges 

Fig. 4.14 Flexibk ring coupling 



(v) the elasticity of a drive chain takes up the drive more 
smoothly than rrost axial drives. 

There are several different types of chain but by far the most 
widely available is roller chain of single strand. Chains are often 
specified by their 'pitch' which is the distance between successive 
links. 

When a chain is used to connect the drive frcxn the engine 
crankshaft to the clutch, it is very important that the chain is of 
the correct specification with regard to engine speed and power. lo 
maximize the chain service life, the smallest sprocket should have 
at least 17 teeth. A chain of small pitch is able to run at higher 
rotational speeds than a chain of large pitch, but can tr ansmit less 
Fr. This is why multiple lows of single-stranded. chain of small 
pitch are often used to transmit Fr fran diesel engines. A single 
strand of standard chain of pitch 12.7mn (l/2") is suitable for a 
6kW engine, but tm strands of 9.525mn (3/8") chain are preferable, 
especially at engine speeds of over 2,OOOrpn. Chain of pitch over 
12.7mm should never be rmnl directly fran a diesel engine. The drive 
chain and sprockets should be fully enclosed and continuously lubri- 
cated with an oil bath. Mineral oil of medium or light consistency 
should be used. 

The driving and driven shafts should be parallel and the 
sprockets must be correctly aligned. Sprockets should have tooth 
shape, thickness, profile, and diameters conforming to the standards 
required by the chain. -11 sprockets are made of steel and should 
be heat-treated to a hardness of between 250 and 500 Brinell, which 
is especially important in a high-speed application such as when 
used on the crankshaft of a diesel engine. larger sprockets may be 
made fran unhardened steel. The speed ratio is defined as the n&r 
of teeth of the driven sprocket divided by the number of teeth of 
the drive sprocket. In the interests of long life and efficient 
operatim, this ratio should not exceed 6:l. 

The centre distance between sprockets should be sufficient to 
provide approximately 135 degrees minimum arc of meshing of the 
chain on the smaller sprocket. A means of adjusting the centre 
distance is remmded, and this is often achieved by slotted holes 
in the engineitountings. The chain operation can be made quieter and 
smother by the fitting of a tensioning device, typically a smooth 
nylon block, which acts on the outside of the slack run of the 
chain. 

3. V-Belt drive The V-belt is an endless belt constructed from 
fabric and rubber which has a trapezoidal cross-section. The belt 
runs on pulleys which have corresponding V-shaped grooves. 

V-belt drive has similar advantages to chain drive, but is not 
as efficient. The performance of different V-belts varies signifi- 
cantly according to the type of materials used and the method of 
constructiw. It is therefore very important that the likely perfor- 
mance of a given V-belt is evaluated before specifying its use in 
a certain application. Standard sizes of belts for power trans- 
mission have been adopted and are designated A, B, C, I3 and E. 
Because they give low bending stresses as the belt wraps around the 
pulley, small belts are better for long belt life. mver, if small 
belts are specified it may be necessary to use several in parallel 
to transmit the required pawer. This requires a wider pulley which 
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increases the shaft stresses and bearing loads, all of which raise 
the cost of the drive. Thus optimum design requires canpranises in 
belt selectian. V-belt nvanufacturers can usually provide the speci- 
fications of re comnended pulley sizes for a given Fr and speed 
requirement. The use of largdiameter pulleys and the CorreSpanaing 
high belt speeds decrease the load on the belts required to transmit 
the power. 

The v-belt drive installation should include some method of 
adjusting tension on the belts. This is best accomplished by al- 
lowing sane adjustment of the positim for the diesel engine but the 
use of idler pulleys is acceptable. For reasons of safety, and to 
protect the drive from water and dirt, a belt guard should always 
be fitted. 

If used as a clutch, as described in the previous section, the 
V-belt must be of a much more durable type than one used solely for 
power transmission. In this application, the belt drive mines 
this function with that of primary drive fran engine to gearbox. 

4. Gear drive If tm adjacent shafts are mounted sufficiently 
rigidly so that their centre-t*centre distance remains constant and 
their axes remain parallel, then Fr can be transmi tted between 
the shafts using gears. Wrcially built engines with built-in 
clutch units, scfnetimes called unit constructions, often use gears 
to transfer pakRr fran the engine crankshaft to the clutch. Gear 
drive is not re mdedwhen the engine and clutch unitaremounted 
independently since small flexings of the mounting frame can result 
in unacceptable misalignment bet= gear teeth. 

GBarboX A diesel engine produces usable vr only within a certain 
range of engine speeds. This range of engine operating speeds is in- 
adequate for most vehicles. For this reason a series of gears which vary 
the leverage, or overall drive ratio, between the engine and driving 
wheels is used to suit varying driving conditions. 

A low ratio is defined as one that allows the engine to rotate at 
a high r&-l relative to that of the driving wheel(s). The ratio of a 
transmission system that reduces the drive line speed ten times is 
numerically denoted as 1O:l. 

The lowest gear ratio provided need be no lower than is necessary 
for a start to be made on the steepest gradient envisaged when the 
vehicle is fully loaded. Depending on the nature of the engine, outside 
diameter of the tyres and ccnditions of use, a small diesel-engined 
vehicle will typically have a total low drive ratio of around 45:l. The 
engine will be running at its maximum operating speed with the vehicle 
moving slowly. This performance may be adequate for sane applications but 
the versatility of the vehicle will be very limited. For a small diesel- 
engined vehicle, three fomd drive ratios are considered adequate to 
provide a satisfactory range of travel speeds. A system that permits the 
engine to propel the vehicle in the reverse direction is also very 
useful. The latter is especially important when the vehicle is nenoeuvr- 
ing in a restricted space with a full load. 

Many ccsmercial manufacturers of small diesel-engined vehicles fit 
specially made gearboxes to provide the different drive ratios, but these 
are rarely available in developing countries. The production of a gearlox 
requires advanced manufacturing processes and is beyond the capability 
of most developing country workshops. !3ane locally produced alternatives 
do exist, mver. 
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?.n efficient gearbox for use ~5th c; sm11, diesel-engined, rear 
wheel drive vehicle can be taken fran a motor car. Such a unit usually 
features a clutch housing and, if the original clutch canponents are 
available and in good edition, this -ination will give satisfactory 
performance. Hmever, spare parts for autancrtive ass&lies are usually 
expensive and often unavailable in developing auntries, and this can be 
a drawback when using components fran a motor car. A small diesel-engined 
vehicle can give good performance by using an adapted motor cycle gearbox 
and clutch assembly, but the same constraints of availability and cost 
=Y apPW 

A series of different size pulleys for use with V-belts, knmm as 
a stem pulley system, has been successfully used to give multi-speed 
drive ratios by several small-scale producers of low-cost vehicles. This 
system is particularly appropriate where engineering resources are scarce 
because it can also allow the V-belt drive to operate as a simple clutch 
(see previous section). 

One example ofalo+costvehicle using this technique is the 'Wag' 
developed by The Office of Creative Ministries of the United Methodist 
Church (see Chapter 8). Figure 4.15 shows the exposed transmission ar- 
rangement of a Trag vehicle. A scherrratic diagram of the transmission 
system is shown in Figure 4.16. The output shaft of the engine is factory 
equipped with a gear reduction unit which reduces the engine speed by a 
6:l ratio. The variable speed portion of the tr ansmissicn systen is made 
up of an upper and 1-r set of three pulleys of different ratios (1:2, 
1:1, 2:1), with three equal-length V-belts positioned over them. The 
three corresponding gear levers are positicsled on top of the handlebar. 
When a gear lever is pulled, the spring-loaded idler wheel on the desired 
belt pushes the belt tight and causes it to grip the pulleys. This re- 
sults in the desired belt transmi tting power while the two other belts 
remain static. The bottan set of pulleys are nounted on an intermediate 
shaft, often called a jack-shaft, which drives a roller chain final drive 
to the front wheel. It is understood that this transmi ssion arrangement, 
when fitted to Trag vehicles, has given good service in many parts of the 
mrld. 

. 
l?inzll drive llE&mlm V-belts can tr ansmit m&r at high rotational 
speeds which makes them suitable for being directly driven by a diesel 
engine, or possibly an intermediate drive mupling, but not for the final 
drive mechanism of a vehicle. 

On a rear wheel drive vehicle the Fr can be trm 'tted to the 
drive wheels by either a shaft or chain. When a rear axle is driven by 
a shaft then a different type of coupling arrangement fran that of the 
primary drive is usually required. An axle naves relative to the chassis, 
and this movement may be large if it is mounted on ,:L i~lgs, lo allow for 
this mmment the drive shaft must be able 'ic aLy\mdate significant 
changes in length. This is acaxqlished by the &e ,>f a telescopic 
joint. 

The displacemen ts are taken care of by the use of tm universal 
joints connected by an intermediate shaft. A universal joint is used to 
transmit power bet- two shafts that are at an angle to each other. 
MDtor car drive shaf'ij, c*s-, 'kri3n as piopeller shafts, feature tw such 
joints linked by an intermediate shaft featuring a te%soopic joint (see 
Figure 4.17). The propeller shaft tr ansmits pr to the rear axle using 
a differential unit (see Section 4.2.5). Because universal joints, tele- 
scopic joints and differential units are difficult to produce with basic 
workshop resources, the propeller shaft fran a mtor car is ideal for 
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adapting to a -11 diesel-engined vehicle equipped with a motor car 
rear axle. 

As described in Section 4.2.5, a chain-driven rear wheel drive 
assembly is much simpler than a shaft-driven type but, as explained in 
Section 4.2.5, it is desirable to fit a differential unit. 

A front wheel driven low-cost vehicle will normally feature chain 
drive to the wheel. A single strand of standard chain of pitch 3/4" 
(19.05mm) is suitable for either front or rear wheel drive. Some can- 
straints of using chain drive are described earlier in this section, and 
further discussion on chain-driven wheels can be found in Annex 3. A 
final drive chain requires regular lubrication, and is best fully en- 
closed to protect it fran dirt which will accelerate wear. 

Calculating gear ratios The ratio of engine speed to drive wheel speed 
is the product of all the different ratios featured in the drive line. 
If, for example, an engine is connected to the clutch with a drive ratio 
of 4:l and the final drive system has a ratio of 5:l then the total ratio 
is4X5= 2O:l. The addition of a gearbox will vary this ratio. 

The speed of a vehicle for a given engine speed can be calculated 
using the following formula: 

v= $OxNx (2x x Ml 
1000 x Gr 

Where: V = vehicle speed (km/h) 
N = engine rotaticnalspeed (rpn) 
Gr = overall gear ratio 
F&l= drive wheel radius (m) 

Example: Suppose a lm+ccst vehicle is fitted with an mmin~ r.hinh 
prcduccs Its maximum mr do t,t)uurpn. The drive wheels are fran 
a motor car and are of radius 0.25m (including tyre). The desired 
maximum speed for a particular gear ratio is 3OJ~n/h, and it is 
ass& that the engine has sufficient mr to propel the vehicle 
at this speed. 

Therefore: V = 3Olm/h 
N =: 2,500w 
Gr= ? 
R-3= 0.25m 

Rearranging the formula gives: Gr = 60 x N x (2 x x IM) 
1000 x v 

Gr= 60 x 2500 x (2 x x 0.25) 
1000 x 30 

cz = 7.85 

The drive line speed will then be reduced by the ratio 7.85:1. 
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4.3.4 CBhssis,stemirqardsuspmsimsysten 

lbnfiguratianofdlassis Chassis materials and construction methods are 
discussed in Annex 1. 

The chassis of a three-wheeled vehicle is generally subjected to 
less torsional loading (twisting) than that of a four-wheeled vehicle. 
This enables a simple platfomtype design to be used, providing that the 
main rreabers are of adequate strength. 

There are a wide variety of chassis designs used on three-wheeld 
vehicles. The four frame configurations shawn in Figures 3.4 to 3.7 can 
all be adapted for use on a lcw-cost three-wheeled vehicle. The main 
modification required to these frames is the attachment of a steering 
head to the front of the chassis. The steering head is a steel tube that 
supports the front wheel subassembly in bearings, allowing the vehicle 
to be steered. Figure 4.17 shm a typical steering head. 

The chassis shown in Figure 4.18 has a live rear axle which is the 
type most used for rear wheel driven vehicles. This axle can be either 
rigidly attached to the chassis, or supported by sprung members to 
provide rear suspension for the vehicle. 

?ont wheel drive vehicles normally have a ncn-rotating, or 'dead' L 
rear axle. On a lo.+cost vehicle this axle often acts as the main 
transverse rear bracing member (Figures 3.4-3.6). If suspension is 
required, the axle must be independent of the frame and an additional 
rear bracing member is then required as in the live axle configuration. 

Figure 4.18 and the diagrams referred to in Section 3.2.2 show only 
the basic structure of a law-cost three-wheeled vehicle's chassis. 
Additional frame members can be added to provide extra reinforcement as 
required. Diagonal bracing merrbers that are attached between the main 
frame members are especially effective at improving the stiffness of the 
chassis. ESttra longitudinal members, parallel to, and above the rrrain 
members and well braced to them, will greatly improve the structural 
rigidity by forming an open box-type chassis. This type of design gives 
a very high strength-to-weight ratio, but it significantly canplicates 
the construction and rray reduce the vehicle's load-carrying versatility. 

mgine m3lmting The mounting of a small diesel engine to a vehicle is 
fFzirly straightforward. All engines feature specially designed mounting 
points wkll& are usually located at the base. The engine is then bolted 
to a platform. The frame members of the vehicle that form the platform 
should be made of steel sections of substantial strength and rigidity. 
Angle sections of dimensions 38mn x Smn are suitable for supporting an 
engine of up to 6kW. Tb maximize their strength the platform members 
should be short in length and well supported by the n-&n frame mer&ers. 
Figures 4.11 and 5.3 show schematic arrangements of tm possible engine 
mounting positions. If the engine's output shaft drives a chain or V-belt 
drive, it is often necessary to make the engine noveable along the axis 
of the vr transmission (see Section 4.3.3). This is m3st often ac- 
qlished by machining slots alcng the lengths of the engine platform 
members .'lhich allow the engine munting bolts to slide the engine to the 
desired psitian before tightening. Because of the vibration of a single- 
cylinder diesel engine, spring washers should be fitted to the rtounting 
bolts to prevent them fran working loose. Self-locking nuts are also 
useful in this application. 

Marsusgmsimsystan The general benefits of suspension and the 
different opticns are discussed in Annex 3. 
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Fig. 4.17 Cbponents of typical steering head ass&ly 
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For a front wheel drive vehicle the m3st suitable rear suspensim 
systems are: 

- beam axle suspended on leaf springs; 
- independent trailing arms, possibly using rubber sprung arm 

units. 
(See Section 3.2.2 for further discussion of this). 

The specification of the rear suspension system of a rear wheel 
driven vehicle is significantly constrained by the final drive mech- 
anism. Power is transmitted to the rear wheels of a low-cost vehicle by 
either shaft or chain drive. Shaft-driven lm-cost vehicles require a 
rotor car rear axle which can be attached to the vehicle chassis as 
discussed in Annex 3. Suitable rear suspension configurations for chain 
drive are as discussed in Section 4.2.5. 

head Wing normal use, the steering head of a vehicle is 
subjected to considerable stresses which are constantly varying in magni- 
tude and direction. These stresses becune especially severe when the 
vehicle negotiates uneven ground at speed. For this reason failure of the 
chassis often occurs in the frame members itrmediately adjoining the ste- 
ering head. Careful design is therefore necessary to ensure a strong 
joint at these points. Whenwelding the steeringheadtubeto the frame, 
it is vital that there is no lateral twist in the position of the head. 
This muld adversely affect the steering characteristics. Suitable 
steeri angles , or castor angles, are discussed in Annex 4. 

A lightweight three-wheeled vehicle can be fitted with the steering 
head tube frun the frame of a scrap motor cycle. The motor cycle's frant 
fork and tieel assembly can then be used in conjunction with this. For 
heavier-duty applications a fabricated steering head and sub-assembly are 
required. The steering stem of the sub-asserrbly must rotate in bearings 
housed in the steering head tube. Bicycles and many motor cycles use cup 
and ball type bearings with separate loose balls. Hclwever, taper roller 
bearings give superior performance in this application. Figure 4.17 shclws 
an exploded view of a steering head assembly featuring taper roller bear- 
ings. The steering stem has a thread on its top end. This allows the 
assembly to be clamped together and provides a means of adjustment for 
the free play of the bearings. 

Front suqnznCm system The use of front suspension is not essential but 
is highly desirable on a vehicle predaninantly used to traverse une;.en 
ground. The use of front suspension will usually make the vehicle easier 
to control. The &Cce of front suqpensi9n configurations for a rear 
whelk driven vehicle is likely tcI % between telescopic and leading-link 
types (see Annex 3). -ding-lir&. types are to be preferred for a fabri- 
cated system. They offer bettsr perforrrrance on a three-wheeled ~rehicle 

and are much easier to pro%ce, althcqh they do depend on the avail- 
ability of mrciallq ]~or!cced damper units. 

The choice of front Fuapension systems is much more limited for 
front wheel driven vehicles, The chain drive makes the movement of the 
wheel relative to the engine rather difficult to acmate and a number 
of carmercially produced frayi: wheC cPiven three-wheelers have no sus- 
pension system fitted. An exception IS the Indian 'E!ajaj Tempo' vehicle 
featured in Chapter a. 
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The different types of Wheels discussed in Annex 5 can all be used on a 
low-cost, diesel-engined three-wheeler. Motor cycle wheels are only 
suitable for use on a lightwight vehicle. Sccoter wheels are ideal for 
use on a light vehicle operating in an urban environmen t where the roads 
are not too uneven. For general use, and to carry reasonably heavy loads, 
motor car or fabricated wheels are to be preferred. -11 tractor tie&s 
and tyres are excellent for vehicles preda&antly used in muddy condi- 
tions where ordinary tyres muld lose traction. 

4.3.6 lQakes 

General information on brakes is given in Annex 6. For a rear wheel 
driven vehicle the rear brake opticns are essentially as discussed for 
the motor cycle based three-wheeler in Section 4.2.6. Hob+ever, if a motor 
car rear axle is used it is possible to adapt its hydraulic drum brake 
system. 

For a front tieel driven vehicle the rear brake options are as dis- 
cussed for the trailer in Section 6.3.5. 

For a low-speed vehicle it may be possible to avoid fitting a brake 
to the front wheel. However, for safety it is preferable to have braking 
on all wheels, and in some auntries this rt~y be a legal requirement. If 
a rtlotor car front hub is fitted, the hydraulic braking system can be 
used. Flexible hydraulic pipes are used to connect the brakes on the 
front wheels of motor cars, and these can be adaptd to a -ate the 
steering mvement of the front wheel and relative rrovement due to the 
operation of a suspension system. 

4.3.7 CYmtrols 

The means by which the engine, clutch and gearbox are controlled is 
important to the performance and safety of any vehicle. Driver-operated 
controls must be efficient and reliable. 

Ideally, the operation of starting the engine should be performed 
from the driver's seat but this is often impractical and not a necessary 
requirement for a law-cost vehicle. -11 diesel engines are usually 
equipped to be started with a handle, length of rope, or recoil starter. 
The starting handle and rope methods of starting are the nest reliable, 
and cheapest. Recoil-type starters are more convenient but often give 
trouble after a certain period of service. Many engines feature a device 
for enriching the fuel/air mixture prior to starting. It is not usually 
~rth adapting this control for operation fran the driving position. 

The control used to vary the speed of the engine, called the 
throttle, must be operable frcxn the driving position. The control is 
usually a hand lever and is linked to the engine by a cable. For safety, 
a facility for positively stopping the diesel engine by cutting off the 
fuel supply should be incorporated. 

The clutch mechanism can be cable or rod actuated. Rod linkages are 
most suitable for operating a V-belt type clutch, and selecting different 
gear ratios using stepped pulleys. 

The control mechanism for operating the gearbox depends largely on 
the type of gearbox used. Adapted rotor car gearboxes usually require 
positianir j that the gear lever is within convenient reach of the 
driver. 'I'.? gear lever can be extended in length but linkage systems for 
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indirectly controlling a canventional mator car gearbox are not usually 
practical. 

4.3.8 Iaxlyme 

The design and construction of different types of cargo- and passenger- 
carrying bzdmrk are discussed in Annex 2. 

4.3.9 Iii- 

To provide for the continuous operation of a lighting system, an electri- 
cal generating unit, pahllered by the engine, is required. Sane manufac- 
turers of -11 diesel engines supply lighting coil units which, when 
installed on an engine, will generate electrical current for lighting. 
Another option provided by sane manufacturers is the installation of an 
alternator or dynamo which, when driven by the engine, produces electri- 
cal current which can be used to charge a battery. The lighting system 
is then run direct fran the battery. These items are not available in all 
countries and electrical vents adapted fran a motor car may be more 
appropriate for sane applications. 

The alternator has replaced the dynarro as the electricity generating 
unit of n&em m3tor cars. It produces usable electrical output over a 
wider range of rotation speeds and is much lighter. Both alternators and 
dynamos are usually driven by a V-belt fran the motor car engine crank- 
shaft. A similar arrangement can be employed on a small diesel engine 
using fabricated brackets and pulleys. The pulley sizes must then be 
calculated to ensure that the diesel engine will drive the generating 
unit at the desired speed. Figure 4.19 sti output in amperes against 
the speed in rpn for a typical dyne and alternator. An alternator 
generally charges at lower speeds and has a higher output. 

An alternator produces alternating current that must be converted 
into direct current using a rectlfler unLt before it can be used to 
charge the battery. Both d-s and alternators require a voltage 
regulator unit to prevent over-charging of the battery. These units are 
fitted to motor cars and can easily be adapt&i to operate on a small 
diesel engine Fred electrical system which uses a 12+&t rotor car 
battery. 

With a continuous output electrical system, standard notor vehicle 
lights can be fitted to a locally fabricated vehicle, together with other 
electrical eguipnent. This may include a horn, driver warning lights, 
windscreen wipers, etc. 
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In recent years the use of small-engined, four-wheeled vehicles has 
evolved in the Republic of Korea and Thailand and they are nm 
manufactured by several smll-scale producers in both countries. The 
salient features of the vehicles, a typical example of which is shown 
in Figure 5.1, are: 

(i) Fred by single-cylinder diesel engine; 

(ii) very simple chassis; 

(iii) very basic bodymrk; 

(iv) use of standard autmotive transmissim, suspension and 
steering cmqmnents. 

These result in a basic means of transport which provides sub 
stantial load-carrying capacity and is cheap to purchase and operate. 
The vehicles have similar load-carrying capacity to, but lmer per- 
formance than, conventional light pick-ups. The evolution of these 
vehicles was dependent on the use of canponents fran scrap vehicles. 
JBwever, it is bemning increasingly ccrrmn to base this type of 
vehicle on cannercially available new ~nents such as gearlmxes and 
wfieel and axle sets of motor cars. 

Ccncem has been expressed in the countries where they are used 
that it is difficult to exercise adequate control over the safety of 
the vehicles and in Thailand there are pians to introduce special 
legislation covering their design. In producing these vehicles, it is 
therefore very important to ensure that: 

(i) where vents are taken from scrap motor vehicles, they 
are in sound, safe condition and, if necessary, have been re- 
conditioned or refurbished; 

(ii) the vehicle has efficient brakes and a safe steering 
system. 

5.2 TEXH4IC74LIEI!AlM 

5.2.1 - ccxlfi~tiul 

The basic configuration of the vehicle is well illustrated by the 
examples shcm in Figures 5.1 and 5.2. Figure 5.3 is a schmtic 
diagram shming the layout of the major vents. 

overall dimensials The overall dimensions are conditioned to same 
extent by the cmponents used, and the track is determined by the 
parts selected for the front and rear axles. As a guideline the over- 
all dimensions should be similar to those of a conventional light COIIF- 
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Fig. 5.1 Typical single-cylinder, diesel-engined four-wheeled vehicle 
from Thailand. 

E'ig. 5.2 Basic fo&--wheeled ve1-LcI.e (witilout bodywork) with platform 
chassis constructed from channel section steel 
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mercial vehicle. The dimensions of tie vehicles produced in Thailand 
are within the following ranges: 

overall length: 4.3-5.6m 
overall width: 1.6-1.75111 
Wheelbase : 2.6-3.75111 
Track: 1.28-1.321~1 

mectim of eqim The factors det ennining: the choice of single- 
cylinder diesel engine arc es.smtiall~7 the same as for a diesel- 
engined three-wheeled vehicle, as discussed in Section 4.3. mver, 
given the carrying capacity of which the vehicles are capable, the 
engine size should be at the higher end of the range of single- 
cylinder diesel-engines, i.e. lO-20kW. The rrore -powerful the engine, 
the greater the perforce and carrying capacity of the vehicle. 

&~E&zL~ of adve v In order to facilitate production 
in batches, it is important to select vents for which there is 
a ready supply, either fr\m scrap motor vehicles or as new parts. This 
means selecting vents fran makes and models of motor vehicle 
which are widely available in the particular countries. Light can- 
msrcial vehicles will generally be a better source of ccanponents than 
salootl cars. Thus the aim should be to specify a particular vehicle 
model as the source of each component so that a standard product can 
be manufactured. This is preferable to having to adapt the design of 
the vehicle repeatedly to suit mnents that happen to become avail- 
able. The rrranufacturer using parts fro-n scrap vehicles can either rely 
on a reputable supplier of vents who can guarantee to supply them 
in sound condition, or take respnsibility himself for reconditioning 
the plrts. 

5.2.2 Trandssial systen 

Much of the discussion of transmission systems in Chapter 4 is equally 
relevant to the design of this tvpe of vehicle. Figure 5.3 gives a 
schematic view of the transmission system. 

A vehicle of this type must have a gearbox in order to provide 
adequate performance. It is possible to use a V-belt drive gearbox, 
but it is preferable, if the cunponents are available, to use an auto- 
motive gearbox. One with three forward speeds, plus reverse, is 
adequate. The gearbox should be nounted in the chassis so that the 
gear lever falls conveniently to hand for the driver. 

The gearbox will drive through a propeller shaft, incorporating 
two universal joints, to a live rear axle with a differential unit, 
the system being based on scrap autcmcrtive parts. It may be necessary 
to shorten the length of the propeller shaft to suit the overall 
dimensions of the vehicle. If so, this can be done by rmving one of 
the universal joints, cutting off the appropriate length of shaft, and 
refitting the joint. Any scrap autanotive parts used should be checked 
for condition and renovated where necessary. The most likely 
requirement will be to replace bearings. 

The diesel engine is mounted remote fran the gearbox and must be 
connected to it by a primary drive. The primary drive is preferably 
by V-belt, and there are three options for this part of the trans- 
mission system: 
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1. Attach the clutch directly to the output shaft of the 
engine, with a belt drive connecting the clutch to the input 
shaftofthegearbox. 

2. Mount the clutch in unit with the gearbox, wi!h a TFlt drive 
frcm the engine to the clutch input shaft. 

2. Connect the engine output shaft to the gearbox input shaft 
by means of a belt drive which also acts as a clutch (the V-belt 
drive clutch is described in Chapter 4). 

The engine must be oriented so that its output shaft lies in the 
correct direction for connection to the gearbox by the belt drive. For 
safety, the belt drive should be securely guarded. 

5.2.3 
. 

-,~andsteering 

The simplest type of chassis is a flat platform or ladder frame based 
on two main longitudinal Mrs. This can be seen in Figure 5.1 and 
Figure 5.2. The frame can be oonstructed fran steel hollow section or 
heavy-duty channel section and must be cross-braced at intervals along 
its length (Figure 5.2). Additicnal brackets and mer&ers must be weld- 
ed to this basic chassis to provide: 

1. MXWing@.nts for the frontandrear suspensions. 

2. A robust platform for mounting the engine. ti described in 
Section 4.3, this momting should include provision for altering 
the position of the engine to adjust the belt drive tcnsian. 

3. Mounting points for the gearbox. It is desirable to fit 
rubber pads on the gearbox mountings to isolate vibrations. 

4. Mountings for the steering column and steering gears. 

5. Mmrking for foot pedal ccntrols. 

6. Location of fuel tank (Figure 5.2) if this is not integral 
with the engine (Figure 5.1). 

The driver and passenger seating, and the cargo container, are 
then constructed on this chassis. 

Since the vehicle uses a live rear axle with differential, this 
will be suspended on semi-elliptic leaf springs. The rear axle should 
be used canplete with wheel hubs. If leaf springs, shackles and hubs 
fran scrap vehicles are used, they should be carefully inspected and 
any ~r-n parts replaced. 

Ideally the front suspension and steering systems, including the 
front wheel hubs, should all be taken fran the same model of motor 
vehicle and fittea as a single unit. It is possible to use independent 
front suspension, but it is much simpler to attach to the chassis if 
a dead beam axle, canplete with steering pivots (3nd front hubs at each 
end, is used. This type of axle is most likely to be found on a light 
curmarcia vehicle and will normally be suspended on semi-elliptic 
leaf springs. 

Again all cunponents of the front suspension and steering system 
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should be carefully inspected and worn parts replaced. Particular 
attention should be paid to all bearings, .and to the pivots and bal.1 
joints of the steering system. 

Standard motor vehicle wheels should be used. 

s.2.4 Rdces 

As noted earlier, for safety reasons it is important that the vehicle 
is fitted with efficient brakes on the front and rear wheels. Since 
the vehicle will use standard motor vehicle hub ass&lies, the brakes 
incorporated in these can be utilized, with a hydraulic operating 
system using a master cylinder fran a motor vehicle. It is essential 
that the brake ozanponents should be carefully inspected and any worn 
parts replaced. As a matter of course new seals should be fitted in 
the wheel cylinders and master cylinder. 

The existing parking brake mechanism in the rear &eels can be 
used, operated by a hand lever through a mechanical linkage. 

Further information on brake systems can be found in Annex 6. 

5.2.5 Ekdybdk 

The bodmrk on this type of vehicle is usually very simple, to keep 
cost to a minimum. In its simplest form (see Figure 5.lj it consists 
of mudguards over the front wheels, a platform seat for the driver and 
passengers, and an open-topped cargo container at the rear. 

Additional bodywork can be fitted as required, including weather 
protection for the driver and passengers, and different types of 
load-carrying container (see Annex 2). 

5.2.6 ccpltrols and lighting 

The essential driver controls are: 

- throttle to control engine speed, normally by means ofahand 
lever; 

- clutch foot pedal or hand lever, depending on the type of 
clutch used; 

- brake operated by a foot pedal, with a separate hand lever for 
theparkingbrake; 

- gear lever for operating the geartix; 
- steerinu wheel. 

As discussed in Section 4.3, the engine will usually be started 
by means of a handle, rope or recoil starter. 

The minimum lighting requirements are front and rear lights and 
brake light. It is also desirable, and will be required by law in safe 
countries, to fit turn indicators. The fitting of an electrical system 
to operate these lights is as described in Section 4.3.9. 
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-6 

This chapter presents information on the design and construction of two- 
wheeled trailers suitable for use with proprietary makes r?F single-axle 
tractor (also knm as two-wheeled tractors or -r-tillers). SLTgle- 
axle tractors are beccmin g increasingly popular for small-scale agricul- 
ture in several developing countries and are produced by a large n-r 
of m-nufactTu.rers. The addition of a two-wheeled trailer extends the use 
~2: the single-axle tractor as a transportor of goods (and accunpanying 
~asenqers) . A t-wheeled trailer for such a tractor is a relatively 
simple product to manufacture. There are good opportunities for srrrall- 
scale industries to produce trailers. This chapter therefore concentrates 
on simple, basic designs of trailer suitable for production by small- 
scale industries. 

6.2.1 ?!I!cae specifiaations 

The specifications of single-axle tractors vary widely. The most ccxrnon 
models feature a single shaft driven from the engine which can be fitted 
either with rotary cultivator blades for on-field operatim, or with a 
pair of pneumatic-tyred wheels for pulling trailers and trailed imple- 
ments. Some larger models have two driven wheels plus a separate, inde- 
pendently driven cultivating n~chanism. 

The single-axle tractors used in developing countries are fitted 
with either petrol or diesel engines with mr outputs typically ranging 
from 4 to 20kW. The simpler &els have a transmission system ccmprising 
a V-belt drive using a belt-tensioned clutch, as described in Chapter 4, 
al;d with a fully enclosed final drive chain. Phny models have only a 
single speed transmi ssion but some use stepped V-belt pulleys or dif- 
ferent-sized chain sprockets to provide a multi-speed system. More ad- 
vanced m3del.s have transmi ssion sy&ms with multi-speed gearboxes, 
reverse gears and friction plate clutches. 

Many single-axle tractors are fitted with tm independent steering 
clutches, one on each driven wheel, which make the tractor easier to 
steer and rnanoeuvre. Single-axle tractors are controlled by a handlebar 
arrangemt, as can be seen in Figure 6.1. The clutches, throttle and 
gear shift lever are all mounted within easy reach of the handlebars. 
Single- axle tractors are not normally fitted with brakes. 

6.2.2 Influenceoftractarspecificationmtrail~design 

The specification of a particular tractor imposes certain constraints on 
the design of the trailer to be towed by it. The maximum payload that can 
be moved on the trailer is determined by the mr output of the tractor, 
the gear ratio(s) and the am=>unt of grip afforded by the tractor's tyl'tis. 

Single-axle tractors that are designed to tow trailers have a tawing 
hitch fitted at the rear. The height of the hitch may vary according to 
the type of tractor and the size of the driving wheels. Because the 
tractor is able to pivot about the axis of its axle, the hitch and 
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Fig. 6.1 mica1 single-axle tractor and trailer. me trailer has a beam 
axle suspended on leaf springs, and is fitted with block brakes 
which act directly on the tyres 
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Zig. 6.2 Single-axle tractor ;and trailer from Chirla. The trailer has a 
beCam axle suspendec! on leaf springs, and is fitted with simple 
bodymrk to protect the driver 



handlebar heights are affected by the angle at which the tractor is 
held. When a trailer is attached, this sets the single-axle tractor at 
a certain angle and therefore determines the psition of the hadlebars. 

The trailer should be designed so that, when hitched to the tractor, 
the hitch pivot pin is set vertically. This facilitates steering of the 
vehicle. 

6.3.1 therallanfi~ticn 

The trailer will consist of a chassis and tc3rw bar unit to which is at- 
tached a pair of wheels and a load container. The whp~ls will normally 
be located either side of the load cant-diner, as shown in Figures 6.1, 
6.2 and 6.3. This configuration allahls large-diameter wheels to be used 
- which is important when operating in deep mud or on uneven tracks - 
with a low load platform which co‘ltributes to the vehicle's stability and 
ease of operation. Buble-axle trailer a are usually designed for loads 
in excess of 1.5 tCavle and are not considered suitable for use with 
single-axle tractors. 

The driver sits on a seat positioned at the front of the load con- 
tai.ner. The handlebars of the tractor should be arranged to be operated 
fran this position. 

The hitch attachment is fitted at the front of the taw bar. The 
hitch must allow: 

(F) relative movement between the tractor and trailer about a 
vertical axis when the vehicle is turning a corner; 

(ii) the trailer to twist relative to the tractor when traversing 
uneven ground. 

Figure 6.3 illustrates these requiremeilts. On a single-axle tractor 
trailer the weight acting on the hitch, scmetimes called the 'tongue 
weight', should be small - usually only enough to prevent the hitch frcm 
rattling when traversing rough ground. The weight of the tractor itself 
is usually sufficient to provide adequate traction of the driving 
wheels. If the tongue weight is high it will overload the tOw bar, badly 
affect the steering characteristics and cause rapid wear of the hitch. 
Most trailers for single-axle tractors are therefore designed with the 
wheels rrounted just behind the centre line of the cargo container so 
that, with an evenly distributed load, there is a small dmmrd force 
on the hitch. 

Dimensions The length of the tclw bar is defined by the psition IJf the 
tractor's handlebars. They should be positioned relative to the driver's 
seat on the front of the load container to facilitate ease of control of 
the vehicle. 

Fbr a general-purpose trailer, an open box configuration will be the 
most useful. A rough guide to the box's p referred volumetric capacity is 
to assume the ratio of 1 cubic metre for 1 tonne payload, e.g. a trailer 
with a maximum designed payload of 500kg will have a load container of 
0.5 cubic metre capacity. Increasing the trailer size - for example by 
extending the height of the box's sides, may encourage overloading. It 
is worth emphasizing that, due to poor traciion, a tractor/trailer 
combination has a limited climbing and braking capacity on steep slopes, 



Fig. 6.3 DiagrCun shcwing the relative movements that the hitch mechanism 
must allow between the single-axle tractor and the trailer 



especially in slippery conditions. It is thus important not to make the 
trailer unnecessarily large. 

Figure 6.4 gives a range of suggest4 dimensions for trailers of 
different load capacities. 

6.3.2 Chassis 

The trailer chassi: provides a strong structure to support the load on 
the vehicle, and for attaching the cargo container. The basic chassis 
configurations, discussed in Section 3.2.2 on motor cycle trailers, are 
also suitable for trailers designed to be taed by single-axle tractors, 
with the exception of those designs using motor cycle wheels. 

The chassis of a trailer is normally fabricated fran steel sections 
which are mlded or bolted tcgetller. The structural design of the trailer 
and the specification of the steel sections will vary according to the 
wzight to be caJ-rje?, conditions oi' uee and available resources. Annex 
! discusses chassis c~onstruction. 

The general benefits of using a suspension system on a vehicle, tcgether 
with descriptions of different types, are discussed in Annex 3. A sus- 
pension system is not as mrtant on a single-axle tractor/trailer as 
on other motorized vehicles, however. Th'L is because the trailer is 
tcwed relatively slowly, is usually used for the transportation of goods 
rather thari passengers, and usually uses motor car-type wheels and tyres 
which give a reasonable degree of shock absorption. Also, the tractor/ 
traiier combination is fairly stable at 1~ speeds and its controll- 
ability will not be greatly improved by the fitting of suspension to the 
trailer. 

The cr~~5r-t of the driver of the tractor/trailer will, however, be 
improved by the addition of a suspension system, and the stresses on the 
vehicle structure will also be reduced. This is of particular importance 
in the case of a heavily laden trailer going over rough ground. In ccnnron 
with other vehicles, a suspension system is desirable if the trailer is 
frequently used to transport passengers. 

The simplest and n-ost CMmon form of suspension system for the 
trailer of a single-axle tractor is a dead beam axle supported on a pair 
of leaf springs. The trailers shm in Figures 6.1 and 6.2 use this type 
of suspension system. The other alternative, depending on the avail- 
ability of vents, ir +o use trailing arm independent suspension - 
rubber-sprung arms of the 'Indespension' type are very suitable for 
trailers. More detailed infor,ration on these suspension systems is given 
in Annex 3. 

The trailer wheels should be fitted with pneumatic tyres of the type and 
size used on tier cars, munted on hubs welded to a beam axle or sup 
ported on trailing arms. The rrPst likely sources of wheel and hub CXIW 
ponents for the trailer are: 

proprietary hubs, axle ass&lies and wheels (which accept 
standard autamtive tyre sizes) produced for traile;s (these 
are often of different specification frun motor car v 
nents); 
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Maximums Payload (kg) Dimensions (m-n) 
A B C 

250 790 220 1,390 
500 1,000 280 1,750 
750 1,200 320 1,980 

1,000 1,260 350 2,200 
1,500 1,400 430 2,500 

Fig. 6.4 Typical dimensions for the load container of a trailer for a 
single-axle tractor 
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FL+'01 dietary hubs, axle assemblies and wheeis produced for motor 
vehicles; 
cunponents fran scrap motor vehicles. 

However, it is feasible to produce hubs and wheels on a small scale 
specifically for trailers for lo.+speed vehicles, as discussed in Annex 

6.3.5 Brakes 

Since single-axle tractors do not usually have brakes, they must be 
fitted to the trailer. The most sensible braking system for a trailer is 
to have a brake fitted to each of the tm wheels operated by a mechanical 
linkage (either rods or cables) actuated by a foot pedal or hand lever. 
The linkage should have provision for retaining the brakes in the 'on' 
position to act as a parking brake. 

Proprietary wheel/axle assemblies are available ccmplete with mech- 
anically operated drum brakes. If hubs fran scrap motor vehicles are used 
for the trailer, it is sensible to select hubs which include the drum 
brake assemblies. These drum brakes can be simply adapted for mechanical 
operation. Block brakes are suitable for low-speed trailers. A simple 
method of installation is to wald a circular drum to the inner face of 
each wheel against which the blocks can act. Crude block brakes that 
force a block on to the tread of the tyre, as shown in Figure 6.1, are 
not as effective, but their .se is preferable to having a qletely un- 
braked trailer. 

Further information on brakes is given in Annex 6. 

6.3.6 Hit+h ne&ankm 

The hitch mechanism of a single-axle tractor/trailer is unusual in that 
it should only allaw for rotation about tm axes as shown in Figure 6.3. 
The hitch must prevent any movement about the lateral horizontal axis so 
that the tractor and trailer form, in effect, a semi-rigid chassis. 

The hitch mechanism must also allow the trailer to be attached to, 
or detached fran, the tractor quickly, safely and easily. This function 
is important to the versatility and convenience of the tractor. Ideally 
the method of attaching/detaching should not require the use of any 
tools, and should not involve removing any parts of the hitch for any 
length of time, as these may be mislaid. 

A typical hitch, as used in many parts of Asia, is shown in Figure 
6.5. An adjustable version of this, suitable for different heights of 
hitch point, is shm in Figure 6.6. The hitch itself is attached to the 
tractor and securedbyapinas SW. 

Standard dimensions for the hitch point on single-axle tractors have 
been defined by the Japanese and are widely used by both tractor and 
trailer manufacturers. Figure 6.7 shcws the d imensions of a standard 
hitch point based on Japanese specifications. 

The hitch is subjected to considerable loads in use and this neces- 
sitates a robust design made fran steel. 

6.3.7 JBdywcd 

The tidamental lxdFrk requirements for a single-axle trailer are a 
load platform or container and a seat for the driver. Load containers and 
different bodywork arrangements are discussed in Annex 2. A typical 
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Fig. 6.5 Typical single-axle tractclr and trailer hitch 

Fig. 6.6 Trailer hitch with provision for height adjustment 



.ES 

Fig. 6.7 Japanese standard hitch dimensions 

96 



trailer will feature mudguards and a bench driving seat with a bock- 
rest. Figure 6.2 showy a carmercia3. exam@e with a sun-shade and small 
cuphoards fitted underneath the seat. 

6.3.8 Lig?dng 

In a n-r of developing a~untry situations, single-axle tractors and 
trailers are used on public roads without lights. In many countries, 
however, the fitting of front, rear and brake lights is a legal require- 
ment for all motorized vehicles and they are essential if the vehicle is 
to be used in the dark. Same single-axle tractors have a headlight fitted 
as standard equipment- pcrwered by an engine-driven lighting coil unit. 
With this equipment, rear lighting can be Fred by connecting wires to 
the lighting roil unit's output terminals. 

Many single-axle tractors are not equipp&i with a lighting coil unit 
and often do not have provision for the attachment of one. In this case, 
one option is to attach the alternator from a &or car to the engine, 
as discussed in Section 4.3.9. The battery can then be carried in the 
trailer. 
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Previous chapters discuss in detail the design of different types of 
low-cost motorized vehicle. Certain aspects of mufacture are 
considered in these chapters, because of their relevance to the design 
process. This chapter is concerned with the organization, management 
and production engineering aspects of nvanufacture. It presents various 
methods of improving production efficiency to increase productivity, 
reduce costs, and achieve good product quality. Finally, the chapter 
analyses the breakclown of manufacturing costs, and discusses the 
considerations involved in setting sales prices. 

The rrranufacture of lm-ast motorized vehicles involves a range of 
differe .t manufacturing processes. Although it is assumed that small 
or medimscale industries will not produce their own major cunpents 
such as engines and gearboxes, manufacture of the range of vehicles 
covered in this book still involves: 

- metal fabrication skills for the prrxluction of vehicle 
chassis; 

- body construction facilities, including metal, timber working, 
upholstery and painting skills, for the production of dif- 
ferent types of passenger body and cargo container; 

- lathe turning, and other rrrachining and metal processing 
facilities for the prOauction of a variety of smaller corn- 
ponents used in the vehicles. 

Individual manufacturers must decide whether to produce all 
vehicle canponents, encanpassing the range of skills defined above, 
'in house' or to s&-tract sune activities to specialized indust- 
ries. Where the products utilize ccr?ponents fran scrap motor vehicles, 
the industry must decide tiether to take responsibility for refurbish- 
ment of these parts, or to rely on the suppliers to supply them in 
renovated condition. 

Throughout the technical chapters, emphasis has been placed on 
the manufacture of a standard product, or limit& range of standard 
products. This all- efficient production procedures to be used, good 
quality to be maintained, and sales prices to be kept to a minimum. It 
will therefore serve to increase the size of the market for the 
vehicles by keeping prices low. The alternative is to produce vehicles 
on a lane-off' basis to meet individual custuner requirmts, but 
this increases administrative difficulties, results in high overhead 
a&s, and means that production output will be low. 

Given the skills required, and the need to make standard pro- 
ducts, mufacture of lo+cl?ost vehicles is most likely to be on a 
batch production basis by small or medium-scale industries in urban 
areas. It is on this type of industry that the twhnical chapters of 
this publication are f&used. However, there is also potential in 
certain situations for centralized, large-scale production, most 
probably for scme of the vehicles described in Chapter 8. The charac- 
teristics of these two scales of production are described below. 
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7.1.1 Sm.U and mdiuwsaile imhstries 

small and medium-scale industries are characterized by the use of 
electrically -red equipment for the basic metal machining, forming 
and fabrication. activities, and for processing of timber and other 
materials. An industry of this level will normally only be able to 
cater to the market for lo+cost matorized vehicles in its clwn region 
of the country~ The industry is likely to be capable of producing a 
range of related vehicles, and may also manufacture other products 
requiring similar production processes. snall- and medium-scale 
indust- ries muld norrrrally buy in the more complex and specialized 
CcIIF- ponents, either as new parts or fran scrap motor vehicles. . 

Advantages of this level of production include: 

resources and expertise available to achieve good-quality con- 
struction and often to develop, adapt and improve designs; 
use of machinery and special tooling enables high productivity 
of labour to be achieved; 
responsive to local requirements - geographic decentralization 
enables the manufacturer to adapt designs to suit regional 
conditions; 
formal organization facilitates use of outside expertise and 
assistance; 
resources available to market vehicles effectively and pranote 
their use; 
control over raw material and ccmponent supplies and prices. 

Disadvantages of this ,type of production include: 

- possible distribution difficulties and high mst of transport 
to custaner (dependent on production VO~~JTF? relative to geo- 
graphic extent and size of local dad); 

- repair service limited to nearby users unless the manufacturer 
develops a mrketing network through distributors or dealers; 

- machinery and materials often ir?ported and may be difficult 
and/or expensive to obtain in sane circmtances. 

7.1.2 Iarge-saaleoentralizedw 

This type of industry has the potential to achieve high quality 
production at lclw unit cost by using high-capacity machinery. However, 
achieving this potential is very dependent on the efficient organiz- 
ation and management of hm, capital, financial and material 
resources, and on there being sufficient market demand for the plant 
to operate at high capacity. A large-scale industry muld be able to 
produce n-ore canplex mponents which are beyond the capability of 
smaller manufacturers. It might enter into a licensing agreement for 
local manufacture of law-cost vehicles fran an overseas source of 
technology, for example. One muld not expect a large-scale industry 
to utilize vents fran scrap motor vehicles in its products. 

Advantages of large-scale production include: 

- economies of scale and high productivity of labour possihie 
(but not always achieved); 
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- resources and expertise available to develop, adapt and 
improve designs and achieve good-quality construction; 

- resources available, including possible gove rnment backing, 
to prax3te use and sales of vehicles; 

- control of local raw material supplies possible - will also 
have better access to imported supplies than mller-scale 
industries. 

Disadvantagesoflarge-scalepraduction include: 

- difficult to obtain feedback fran users - may inhibit 
improvmt and innovation; 

- marketing, distributicnand servicing organization required; 
- high cost of tranqort to custarrer (for caqlete vehicles); 
- large capital investment required, often for imported equip- 

ment and expertise; 
- production efficiency and construction quality highly depend- 

entonorganizationandmanagement. 

All industries producing lmmst Morized vehicles will rely on 
outside sources of supply of cunponents. mver, this aspect of 
vehicle productian is particularly important for small- and medium- 
scale industries. Sources of supply will include: 

- local manufacturers of specialist ccrrqonents; 
- importers of vents not produced locally, or overseas 

suppliers of these parts: 
- local suppliers of oxqx3nents frun scrap motor vehicles. 

Thus the reliable arxl efficient supply of wnents will be a 
crucial factor in the success of an efficient vehicle manufacturing 
enterprise. It is therefore necessary to devote scme effort to the 
selectian of CQmponent suppliers, and to develop appropriate lcng-term 
mmnercial arrangements with them. The key requirements are: 

- capability to supply ments praqtly, and in adequate 
quantities, to meet production requirements; 

- maintenance of consistent control over the quality of the 
ClcmpQnents: 

-a arqetitive prices. 

It is desirable to develop mutually beneficial long-term rela- 
tionships with reliable and reputable suppliers. HakFwer, the industry 
should &so seek opportunities to reduce costs by identifying cheaper 
sources of supply while still maintaining quality. 

The vehicle manufacturing industry should have a system fbr in- 
specting the qualityofbought-in canpcnats to ensure thattheynxaet 
its specificaticxl. ?his is of crucial importance When purchasing re- 
novated cunpoxnts fran scrap motor vehicles fran an outside sup 
plier. The industry must consider carefully *ether such a system of 
supply is satisfactory, or if quality would be better maintained by 
' in-house * renovaticnofthe curments. 
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The overall aim of any low-cost vehicle mufacturer will be to sell 
products over a long period of time at a price which will make a pro- 
fit. This is best achieved by ~imizing the quality and effectiveness 
of the product within the constraints imposed by the price at which 
they are sold. The design of the product is clearly a key issue in 
achieving this balance. I-Kxever, there is also considerable soope for 
achieving good construction quality and high productivity by the ap- 
plication of efficient productian engineering methods. These can have 
a significant impact on the success of small- and medium-scale 
industries. 

7.2.1 
. 

-toaLirrg 

Production tooling is used *en a single type of vehicle, or a limited 
range of standard vehicles, !.s being manufactured. production tocling 
facilitates the efficient manufacture of batches of identic-l ccm- 
ponents, and their assa%lv. It is not suitable for use 5.*: 3' Jrgan- 
izatim making Very ml1 quantities OJ- -.-ehich?S m a ’ fmL2li’ bash. 

Production tooling requires capital investment, although in many 
cases this nay consist largely of the time necessary to design and 
construct it together with a limited allowance for materkdls. This 
investment cost must be recovered fran the sale of the vehicles so the 
size of the investment, and hence the amount and cunplexity of the 
tooling, will be limited by the production ml- over which its cost 
can be spread. 

A wide range of types of production tooling maybe used. These 
include, in approximate order of cost and qlexity: 

1. Templates: for mking out by hand the shapes and lengths of 
materials and the position of holes prior to cutting and drilling 
- used, for example, inrrakingbod~rkand frame ccmponents. 

2. Drilling jigs: for accurately positioning holes which need 
to be aligned with others for subsequent asse&ly or in use - 
employed, for example, to ensure accurate location of suspension 
canpanents on the frame. 

3. Welding fixtures: for accurate positioning, alignment and 
clamp~mg of m&its to be joined by welding - used, for 
example, in the ccxlstruction of frames, arCi fabricated axles and 
wheels. 

4. Mdifications to genexal-purpose machines: tir rapid prcduc- 
tion of turned and other mchined ccmpanents. Modifications range 
from specially shaped cutting tc.,ls throqh to semi-permanent 
fixtures on themachine - used, for example, inmakingbearings, 
hubs andbrake merits. 

5. Small general-purpose press -1s: for rapid bending and 
punching of thin materials on handaperated machines - used, for 
example, to make bodFrk canponents, special washers and -11 
brackets. 

All these types of production tcoling are appropriate to small 
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and mediur+scale rmnufacturers of low-mst motorized vehicles. In 
designing productim tooling for the manufacture of lm+cost vehicles, 
it is important to ensure that: 

- it is simple to make and repair: 
- it is simple to use; 
- materials can ~71~ be located in the correct position; 
- dimensional variations of raw materials are allawed for; 
- critical points are accurately located. 

Accuracy in the construction of prOauction tmling is vital since 
any error will be repeated on every mnponent produced fran the 
tooling. Mbustness and resistance to wear are also essential for 
long-term use. 

It is a pre-requisite for, and indeed the objective of the use 
of, production tooling that every canponent made with it is identi- 
cal. This helps to achieve good product quality by ensuring that a 
satisfactory design is repeated consistently. coed productivity is 
achieved by reduc:ing the time required for mnufacturing operations, 
and by reducing wastage and avoiding the need for time-consuming 
'fitting' operations during assembly. It also ensures that spares and 
replacement parts can be fitted without problems to vehicles produced 
franthetooling. 

A further benefit of production tooling is that it enables a 
skilled operator to produce to a higher standard, and enables many 
jobs to be carried out by less skilled people than muld otherwise be 
necessary. In general, the more elaborate and costly the tooling, the 
less skill is required to use it. This effect of +the use of prcduction 
tooling is often referred to as 'de-skilling', but it is more ac- 
curately described as 'skill enhancement'. For exmple, in welded 
assemblies the &rength and appearance of the mid itself is signifi- 
cantly affected by t&q size of gap between the materials being joined, 
and the dimensional accuracy of the assembly is affected by distortion 
caused by the welding process. E3y using a welding fixture, the mat- 
erials can be accurately positioned, which controls the gap size, and 
clamped to prevent distortion. Considerable skill and time is needed 
to achieve the same weld quality and accuracy by hand. 

Cuality control procedures are imp3rtant to ensure overall product 
qualityandtominimize thenmiberof rejectedcarrponents and the time 
wasted in correcting faults. In mmy cases, visual inspections and 
dimensional checks by measurement are all that is required. The prc>- 
duction tooling itself can often be designed to provide quality 
control checks autamtically, e.g. by preventing faulty mnponents 
Fran fitting into jigs and fixtures, or by dimensions being ccmpared 
with a template. Special gauges may be used to check that critical 
dimensions of cunponents such as bearings, tiich must fit closely on 
to axles and into hubs, are within specified tolerances. The 
production workers themselves should carry out the quality control 
checks as far as possible so that errors my be corrected quickly 
before repetiticm, and to encourage individual responsibility for 
quality standards. mver, it is usually desirable for supervisory 
staff to cmrplment these with sample checks. 

It is also useful to carry out quality control checks of 
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ccmponents and materials which are bought in. There can be substantial 
differences between specified and a&la1 sizes of raw materials, and 
if a particular item is not available suppliers r~y send the nearest 
equivalent without informing the manufacturer. 

It is also desirable that all canpleted vehicles should be 
carefully inspected, and subjected to a short road test, to confirm 
that all systems are operating satsifactorily, prior to despatch to 

The staff responsible for final inspection and testing 
provided with a check-list of all items to be inspected and 

??he overall efficiency and cost of production is affected not just by 
the engineering of the prOauction process, but also by its organiz- 
ation and management. In particular: 

- in medium or large-scale production, variations to the stand- 
ard design will involve extra mrk and expanse. The ned to 
charge the custuner the fl:ll additional cost of this should 
be balanced against the desirability of offering a range of 
options to suit particiilar requirements; 

- in batch production, groups of ccqonents which are made fran 
the same material, or require similar types of machining, can 
be made at the same time, to reduce machine set-up times; 

- the allocation of tasks can be planned in adcance to spread 
thm evenly betwaen the mrkforce to reduce idle time; 

- ordering procedures should aim to minimize material stocks and 
the capital tied up in them. This is easy when suppliers can 
be relied upon to deliver quickly. Where suppliers are less 
reliable, the savings from maintaining low stock levels must 
be balanced against the possible delays in production caused 
by lack of materials at the right time; 

- in batch prcduction , more efficient use is made of storage and 
working space, and capital, by making small batches regularly 
rather than large batches infrequently. This must be balanced 
against the time lost in setting up machines and tooling for 
different operations and the administrative costs of frequent 
ordering. 

7.3.1 -ul- 

In order to set up and qerate a successful vehicle manufacturing 
industry, it is important to be able to rrrake accurate estimates of the 
costs of prtiuction. Because of the wide variation in production 
methods and types of vehicle which can be made, in addition to wide 
variations in msts in different countries, there is little to be 
gained by quoting indicative costs for one particular set of circus- 
stances. However, either in planning a new vehicle manufacturing 
business, or for an existing enterprise, accurate estimates of 
production asts are important: 

(i) to ensure that selling prices are set so that each praluct 
brings an incame to the enterprise that reflects its costs; 
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(ii) to identify opportunities for reducing the cost of 
manufacturing theproduct. 

The selling price of the vehicle will be of overriding importance in 
determining wheth&Qr it will be purchased by custaners. Thus pricing is 
important in dete rmining the size of the market. 

The key to a successful vehicle IMnufacturing enterprise is to 
produce to a specification and at a price which generates a satisfactory 
level of dm, tile providing an acceptable profit margin over the 
production costs. A ccrrrnercial company will normally be able to define 
the minimum level of profit that is acceptable. This minimum acceptable 
profit will be based on either the desired return on the investment or 
on a minimum level of incane that is required. 

In simple terms, the selling price of a vehicle is calculated by 
adding the desired profit margin to the production ast, and then adding 
any taxation and distribution or delivery charges that have to be re- 
covered. mver, there are other factors which may influence the selling 
price that is set: 

W in sane auntries it may be necessary to include an allcrrnmnce 
in the standard selling price for bargaining with the custcmer; 

(ii) if the manufacturer sells through agents or retailers, rather 
than direct to custaners, then his pricing policy must not only 
provide him with an adequate profit tile offering the vehicle to 
the custaner at an acceptable price, but also allm the agent to 
n&e a reasonable return too. When marketing through an agent the 
manufacturer may offer an incentive to increase sales, for example 
by giving a reduction in unit price to the agent for increased 
quantities sold; 

(iii) if a manufacturer adds vehicles to an existing range of 
products, and thereby uses his resources more efficiently, he may 
be able to sell the vehicles at a 1-r profit margin because scme 
of the overhead costs are already being fully recovered from the 
other products. 
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CHAPTEX8 

This chapter provides information on selected low-mst motor vehicles 
which are camercially produced in different countries and whose 
acquisition requires some form of collaboration with the source of the 
technology, for example: 

- direct import of cunplete vehicles; 
- import in knocked-down form for local assembly; 
- technology transfer agreemen t for local manufacture. 

Information is also provided on sources of key vents for 
low-cost vehicles. 

The cmpendium is not mrnprehensive but includes selected mnu- 
facturers whose products are considered to be relevant to developing 
country use, and who supplied sufficient information for a detailed entry 
to be prepared. Inclusion of a manufacturer's products does not, however, 
imply endorsement by the IL0 or the UNCHS. 

Each entry includes: 

1. Manufacturer's contact address. 

2. Illustration of the vehicle(s). 

3. A brief description of the product. 

4. The methods by which the manufacturer is prepared to make the 
technology available. 

5. Detailed technical description of each vehicle and its per- 
ftIrmance. 

6. Prices. 

Since manufacturers have provided inform&ion in different forms, 
price data are presented as follows: 

(i) in the currency, and on the terms (e.g. ex-arks, FOB, etc.) 
quoted by the mnufacturer; 

(ii) mnverted to United States dollars ($) at the official exchange 
rate prevailing at the beginning of March 1988. 
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I. 

Manufacturer's 
address : Freewheel L!! Limited, 

Cramer High Station, 
Upper mrwich Road, 
Crmr, 
Norfolk, NRZ uW, 
United Ki:q(~n, 
Telephoma: (0263) 511210 

Description keewheel UK Limited produce three types of motor cycle 
trailer, two of which have birdies mde from glass-reinforced plastic 
(GRP), the other having men bodywork. The trailers are considered 
suitable for ahtost any type of motor cycle and the design can be adapted 
to custcmer specification. 

Availability of tt?&mlogy There has been very little export to date. 
However, the manufacturer is prepared to export complete trailers, or 
rolling chassis and individual parts thereof. It is also willing to 

SUPPlY, on cmmxcial terms, the necessary ~echnolqy to enable people 
within developing countries to construct their an trailers and supply 
only those parts or materials not locally available. 



Overall~ficati~ Chassis 
construction: 

Suspension: 

wheels : 

Hubs: 

Hitch: 

D.imznsim; 

Drakes: 

'Tradesmn' 
trailer: 

'Shuttle' 
trailer: 

'PulJlTEUl 
trailer: 

T-frame mde frcrn hollow section 
steel. 

Independent rubber-sprung 1; 3 il- 
ing arms. 

Pressed steel fitted with 4.00 
x 8in radial tyres. 

Emble taper roller bearing type. 

S&III ball and coupling (does not 
allaw 360° rotational capacity 
about longitudinal axis). 

None. 

Open-top wooden sided box 
featuring plymad platform. 

Glass reinforced plastic (GRP) 
body with lockable lid. 

Larger version of shuttle 
trailer. 

Chassis also available without bodywork. 

'Tradesmn' 
trailer: Overall length: N/A 

Overall width: N/A 
Unladen weight: 36kg 

'Shuttle' 
trailer: Overall length: 1,22@rm 

Overall width: 74olml 
Unladen weight: 30kg 

'pullrruan' 
trailer: Overall length: 1,65Omn 

Overall width: 94omn 
Unladen weight: 39kg 

Dimensions of 
load container: 

'Trade-' 
trailer: Length: 92oMTl 

Width: 71OIml 
Depth: 31OMn 
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'Shuttle' 
trailer: 

'PLlllEUl' 
trailer: 

Length: 9oomn 
Width: 655nm 
Depth: 35arRn minimum to 41chml 

IlElXilllUlKl. 

LfXlgth: 1,320mn 
Width: 840mn 
Depth: 51m. 

Standard: m rear lights (6 or 12 volt) 
Stop lights 
Turn indicators 
Rear reflectors 
Socket 
wing socket with safety lock 
Mudguards. 

O&It iOIld : Motor cycle hitch bracket in- 
cluding 5Qnn ball hitch (vari- 
ious types of bracket avail- 
able) 
Motor cycle wiring loan 
Plastic cover for wcoden load 
container. 

vrehicle perfarnrance 'Tradesman' 
trailer: I%ximum payload 18Okg (approx) 

'Shuttle' 
trailer: Maximcan payload 14Okg (approx) 

'pullrruan' 
trailer: Maximum payload 180kg (approx). 

selling ptziee British retail prices including packing, 
ex-works: 

'Tradesman' 
trailer: 2195 ($355) 

'Shuttle' 
trailer: x239 ($435) 

'PLllllIEUl' 
trailer: 2295 ($536) 

31~11 chassis 
unit (no body 
or lights): &159 ($289) 

Large chassis 
lxlit: f169 ($307) 
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Manufacture’S 

address: Squire Sidecars, 
Bidavon Industrial Estate, 
Bidford-on-Avon, 
Warwickshire, B50 4JN, 
United Kingdun. 
Telephone: (0789) 772690 or 

778433 

Descripticm Squire Sidecars produce a large rotor cycle trailer with a 
glass-reinforced plastic (GRP) body. It is understood that a smaller 
version will be produced in the near future. 

Awdabilityof-logy The canpany is prepared to export cxmplete 
trailers or rolling chassis and individual parts thereof. 
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cwemllspecificatim Chassis 
construction: T-frame made frm hollow section 

steel. 

Suspension: Independent rubber sprung trai- 
ling arms. 

Wheels: Pressed steel fitted with 4.00 
x 8in radial tyres. 

Hubs: Double taper roller bearing type. 

Hitch: 5Omn ball and coupling. Pull 
360°. rotational capacity about 
longitudinal axis. 

Brakes: None. 

Vehicle per- 

Glass-reinforced plastic (GRP) body with lock- 
able lid. 
Chassis also available without bodymrk. 

'Squire' 
trailer: Overall length: 1,450mn 

Overall width: 94oMIl 
Unladen weight: 53kg. 

Standard: 

Optional: 

D.o rear lights (6 or 12 mlt) 
Stop lights 
Turn indicators 
Rear reflectors 
TWing socket with safety lock. 

Motor cycle hitch bracket in- 
cluding 5Qtm-t ball hitch (var- 
ious types of bracket available) 
Motor cycle wiring lcom 
Hitch lock 
,Sparewheelandtyre. 

Payload: Maximum 250kg (approx.) 

Interior 
capacity of 
load con- 
tainer: 510 litres. 

Export price ex-arks: 

Ccanplete 
trailer: A.300 ($546) (approx.) 

Chassis unit 
(no body or 
lights): .X 90 ($164) 
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3. MnoRCYCLESIIMcAR-SCXJIRE 

Iemlfacturer’s 
address: Squire Sidecrrs, 

Bidavon Industrial Estate, 
Bidford-on-Avon, 
Warwickshire, B50 4JN, 
United Kingdam. 
Telephone: (0789) 772690 or 

778433 

Description Squire Sidecars produce a range of different sidecars mainly 
designed for the European market. Probably the most suitable models for 
use in developing countries are the CL2 U&master, recommended for use 
with small to medium motor cycles, and the PVl sidecar designed for use 
with Vespa or Lan-bretta scooters. Both these rrcK3els can be supplied with 
different types of bcdywxk trade of glass-reinforced plastic (GRP), for 
passenger or load carrying. 

lil 



A-* of te&mlqy The cmpany is prepared to export mnplete 
sidecars or rolling chassis and individual parts thereof. It is also 
willing to supply, on ccmmercial tern, the :Iccessary technology to 
enable people within developing cow:'_~ies to construct tizir om sidecars 
and supply only those parts or materials no+. locally available. The 
mnufaturing rights for the PVl Vez.9 sidecar We1 have been agreed with 
an Indian company and this includes all production jigs and fixtures, 
drawings and technical kncMedge. 

ovexall specifiaation Chassis 
construction: 

Suspension: 

wheel: 

HUb: 

Attachment to 
rotor cycle: 

Brakes : 

McdelCL2: 

Model PVl 

CL2 platform 
carrier: 

CL2 tie1 - platform type, f* 
rication in 38xm diameter, 3.2mn 
thick tubular steel. 

PVI model - platform type, plat- 
form type, fabrication in tubular 
steel with 62.5m diameter, 3.2mn 
thickrminmmber. 

Leading link unit. 

Pressed steel fitted with 4.00 
X 8in tubeless crossply tyre. 

Double ball bearing sealed hub. 

CL2 - four am system using 
brackets to motor cycle frame. 
Lower attachment arms are 32mn 
diameter, 4mn thick steel tube 
and upper arms are 16rmr1 solid 
bar, all adjustable for length. 

Wl - bolts to underside of Vespa 
chassis. 

None 

Options include single seat 
passenger carrier (ML~), load- 
carrying box (CLl) and load- 
carrying platform (CL2). 

Options include single seat pas- 
senger carrier (PV~) and load- 
carrying box (CVl). 

Chassis also available without 
bodwrk. 

Overall length: 89Om 
Overall width: 7lOMn 
unladen weight: 40kg. 
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MLl single 
seater: Overall length: 1,93m 

Overall width: 68cmn 
Unladen weight: 54.4kg. 

al box: Overall length: 1,680m 
Overall width: 680mn 
Unladen weight: 54.4kg. 

PVl Vespa 
water single 
seater: Overall length: 1,93Qrm 

Overall width: 68omn 
Unladen weight: 38.6kg. 

CVl Vespa 
smoter box: 

CL2: 

ml, PVl: 

CLI, cvl: 

Vehicle per- Payload: 

Capacity: 

Overall length: 1,68Cm 
Overall width: 680mn 
Unladen weight: 38.6kg. 

Rear light 
Turn indicator 
Side light. 

Rear light 
Turn indicator 
Side light 
Upholstered seat 
Windscreen 
ruggage ccmpamt 
HOOd. 

Rear light 
Turn indicator 
Side light 
Likable lid. 

mximum all mdels - 91kg. 

CVl - 340 litres 
CVl - 453 litres. 

-Enice British retail prices, exarks: 

CL2 platfmm 
carrier: 

MLJsingle 
seater: 

CLI box: 

Wl (Vespa): 

Wl 
(Larfbretta): 
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$333 ($606) 

a88 ($887) 

2497 ($904) 

fA58 ($833) 

fA94 ($898) 



CVl (Vespa): L490 ($891) 

CVl 
(Lambretta): 2509 ($926) 
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Man~cturer’s 
address: mark-Crescent AB, 

Box 503, 
S-43201 Varberg 1, 
f?biE!dell. 
Telephone: (0340) - 86000 

Description Monark-Crescent AEI produce a rroped-based three-wheeled 
vehicle with a front-rtounted load-carrying platform. The annual pro- 
duction is approximately 5,000 units and the vehicles are used in &eden 
by both government bodies and private ccryties, as well as individual 
owners. 

Availability of txxbmlogy Monark-Crescent AE3 were unable to export 
their vehicles when these details were obtained but hoped to be able to 
do so by the end of 1987. In the past, 24 units have been shipped to 
Mozambiguetogetherwith a stockof spare parts. 
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Bqine Single-cylinder two-stroke using 
petrol/oil mixture. 

Capacity: 47cm3. 

Methcd of 
cooling: Forced air. 

Starter: Pedals. 

Transmission 

Chassis and Chassis 
suspension construction: Tubular steel welded chassis. 

Brakes 

System: Clutch and gearbox integral with 
engine. Final drive chain to 
single rear wheel. 

Clutch: Friction plates, wet type. Hand 
operated. 

Numberof 
gears: Four forward speeds, one re- 

verse. Hand operated. 

Front 
suspension: Beam axle oonfiguratim using tm 

leading links and rubber block 
springs. 

Rear 
suspension: None (sprung saddle). 

Steering 
system: Handlebar operating a link and 

pivot system to control the 
mvementofthetm fronthubs. 

wheels: Front wheels of pressed steel 
fitted with 4.00 x 8in tyres. 
Rear wheel of tensioned spoke 
construction fitted with a 2.50 
x 20in tyre. 

Front brake: Foot pedal controlled, mech- 
anically operated drum brakes. 

Rear brake: Hand lever controlled, me&anic- 
ally operated drm brake. 

Electrical system Type: 6 volt flywheel magneto. 

Eguipnent: Head light 
Rear light 
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Stop light. 

Options: %m sizes of wooden load platform 
Lead-restraining bars 
mad-carrying &en box (for 
smll-size platform only). 

3nallload 
platform 
(Model 1189): Overall length: 2,1001m11 

Overall width: 96Chrn 
Unladen weight: N/A. 

Urge load 
platform 
(We1 1199): Overall length: 2,50cm 

Overall width: 1,01chm 
Unladen weight: N/A. 

Load container 
floor size: 

mllload 
platform: 92oMll x 920Mn 

Large load 
platform: 1,320mn x 98Cmn. 

Standard: FVont mudguards 
mo1kit 
Ignition switch 
Steering lock. 

vrehicle pertkmmre Maxinml 
payload: 150kg. 

racimum 

operating 
speed: N/A. 

Fuel 
cmsuqtion: N/A. 

sellingprice Export price, ex-mrks: 

With small load 
platform: 7,784 SEK ($1,307). 

With large load 
platform: 8,240 SEK ($1,384). 
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ManrJEacturer ’ s 

address: Bajaj Auto Limited, 
Registered Office and Plant, 
Akurdi, 
Pune - 411 035, 
India. 
Telex: 0146-263 

DescripticXr Bajaj Auto produce a range of load-carrying three-wheelers 
derived frm the motor scooter that they also manufacture. The three- 
wheelers are well proven and are used in large numbers in India. The most 
popular model is the Autorickshaw which is much used for passenger con- 
veyance. 

Availabilityoft~lq Bajaj vehicles have been exported to count- 
ries in Asia and Africa. They are available by direct export or in com- 
pletely knocked-down condition (CKD) for local assertMy and painting. 
Bare chassis can also be supplied. 

Bajaj are open to discussions on technical collaboration agreements 
for local manufacture. Technical assistance has been provided for such 
operations in Indonesia, Taiwan and Bangladesh. 
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Ouaallspecifioaticn 

Sngine 

Transmission 

Chassis and 
suspension 

Brakes Fret brake: 

@WE=: Single-cylinder two-stroke using 
petrol/oil mixture. 

Capacity: 145.45an3. 

Maximum wr: 4.lkW. 

Methodof 
cooling: 

Starter: 

system: 

Clutch: 

Nmiberof 
gears: 

Chassis 
construction: 

Front 
suspension: 

Rear 
suspension: 

Wheels: 

Steering 
system: 

Rear brake: 

Forced air. 

Hand lever. 

Clutch and gearbox assembly in- 
tegral with engine. A differen- 
tial unit drives tm independent 
final drive chains to the tm 
rear wheels. 

Friction plates, wet type. Hand 
operated. 

Four forward speeds and one re- 
verse. Hand operated. 

Fabricated fran pressed steel 
sections, welded together. 

Single trailing link featuring 
coil spring and telescopic 
damper. 

Independent trailing arms of cast 
aluminium alloy. Torsion bar 
springs and friction dampers. 

Two-piece, pressed steel con- 
struction fitted with 4.00 x 8in 
tyres. 

Handlebar. 

Hand-controlled mechanically op- 
erated drum brake. 

Foot pedal controlled, hydrau- 
lically operated drum brakes. 
Hand-operated parking brake. 
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Electrical system Type: 6 volt flywheel magneto. 

. 
r2lnrrmiau3 

Equi-t: Head light 
Rear light 
wm-l 
Stop light 
Indicators (Autorickshaw cnly). 

Options: Autorickshaw 
Pick-up van 
Delivery van 
Auto trailer 
(All of pressed steel construc- 
tion). 

Wheelbase: 1,650rm 
Track: 1,075rKtTl 
Unladen Weight:Autorickshaw: 270kg 

Pick-up van: 260kg 
Delivery van: 290kg 
Auto trailer: 415kg. 

Lmd mntainer 
floor size: 

Pick-up van: 95omTl x 1,200fml 
Delivery van: l,llOrml x 1,3OOMn 
Auto trailer: 1,32Qrm x 4,165mn. 

StanJard: Steering lock 
Electric windscreen wipers 
Ignition switch 
lbollmxlock 
Seats are upholstered with foam 
rubber and vinyl-mated fabric. 

Vdhle Ferfnrmanoe Maximum 
Payload: Autorickshaw: 3 passengers or 

240kg 
Pick-up van: 5lOkg 
Delivery van: 480kg 
Auto trailer: 715kg. 

Maximum 
operating 
speed: 55krQh (app~x). 
Fuel 
amsumpticn: 24km/l (approx) 

(15km/l for Auto Trailer). 

se.lliqPrice FOB EkxIibay: 
Autorickshaw: Rs 15,712 ($1,190) 
Pick-upvan: Rs 15,712 ($1,190) 
Delivery van: Rs 18,842 ($1,427). 
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Desa5ptim Bajaj Auto have recently started production of a slightly 
larger version 0 f the standard Autorickshaw knmn as the Rear mgine 
Autorickshaw with the follcming differences in overall specification. 

Engine: Positioned underneath passenger canpartme_t 
between rear wheels. 

Transmission: Final drive to rear &eels is by propeller 
shafts, 

Rear suspension: Independent trailing arms with coil springs and 
co-axial hydraulic dampers. 

Electrical equipment: Features a 6 volt battery. 

Dimensions: Wheelbase: 2,oochrm 
Track: 1,150ml 
Unladen weight: 300kg. 

Selling price: FOB Banbay: Rs 17,310 ($1,312). 
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Manufacturer’s 
-: Automobile Products of India 

(API) Limited, 
La1 Bahadur Shastri Marg, 
Fait Bag No 7320, 
Bhandup, 
Bombay 400 078, 
India. 
Telex: 011-71378 APIB 

Descripticm API manufacture a three-wheeler chassis which is fitted with 
a wide variety of different MwIrk opticms. About 15,000 vehicles per 
year are produced and API have exported to Sri Lanka, Bangladesh and 
Indonesia. 

Availability of technology Available by direct export or in completely 
knocked-dawn condition (CKD) for local assembly and painting. Bare 
chassis can also be supplied. 



C)uerall~ficatim 

Engine Type: Single-cylinder t-stroke using 
petrol/oil mixture. 

Capacity: 175un3. 

Maximum Fr: 5.2kW. 

Transmission 

Chassis and 
suspensicn 

Brakes 

Methcdof 
cooling: 

Starter: 

system: 

Clutch: 

Numberof 
gears: 

Chassis 
construction: 

Fmnt 
suspensicn: 

Rear 
suspension: 

wheels: 

Steering 
system: 

F'rcnt brake: 

Rear brake: 

Electrical system Type: 

Rguipment: 

Options: 
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Forced air. 

Kick-start pedal. 

Framgear~xto rear axle through 
propeller shaft with rubber coup- 
lings on either end. 

Friction plate. 

Four fomrd speeds and one re- 
verse speed. 

Tubular steel welded chassis. 

Trailing links with coil springs. 

Beam axle configuration using tm 
longitudinally mounted leaf 
springs. 

Two-piece pressed steel con- 
struction fitted with 4.00 x 8in 
tyres. 

Handlebar. 

Hand lever controlled mech- 
anically operated drum brake. 

Foot pedal controlled, hydrau- 
lically operated d.rm brakes. 
Hand-operatedparkingbrake. 

6 volt flywheel magneto. 

Headlight 
Parking/side lights 
Horn 
Stop light. 
Autorickshaw 



Chassis: 

Standard: 

Whicle per- MaXitWtl 
payload: 

N3XiltlUtll 

operating 
speed: 

Fuel 
consumpticn: 

Selling price FDB Punbay: 

Pick-upvan (nodoors) 
Deliveq- van 
Garbage collection van 
Milk/water tanker 
Mini-car 
Bare chassis. 

werall length: 2,650rmn 
Overall wi.dth: 1,250m-n 
Unladen wight: 212kg. 

Spare wheel 
Hand-operated windscreen wiper 
Tool kit 
Speedcmeter. 

588kg (including weight of body- 
work) 

62km/h (approx) 

26km/l (approx). 

Fully assembled: 
Chassis (inc. 
half driver's 
cab): Rs 14,051 ($1,065) 
Autorickshaw: Rs 18,152 ($1,375) 
Pick-up van: Rs 20,120 ($1,525) 
Delivery van: Rs 23,140 ($1,753) 
Garbage 
collection van:Rs 21,630 ($1,639). 
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OS 
Martin Trucks Limited, 
61 Battlefield Road, 
Shrewsbury, 
Shropshire, SYl 4/D, 
United Kingdom 
Telephone: (0743) 2402C5 

r\aartin Trucks Ijrnited produce three-wheeled motorized tip- 
ping trucks called the Eonza series, with l-tonne capacity for off-road 
general purpose use. The Bonza is available with various body <anil engine 
options, including a 5OOkg payload TJersion. 

Over 4,CCO vehicles have been produ~cxx-l since 1958 and there have 
been exprts to many countries. 

AvaiPabiSity sf te Available by direct export, in kit form for 
local asse.&ly and through licensing of the technology for local mnu- 
facturc. Guarantees would be sought against re-export, and to protect 
designs and production techrliques, etc. 



- spfdficeial 

mgine Options: 

Capacity: 

Chassis and 
suspension 

Maximum 
pokller: 

Methodof 
cooling: 

Starter: 

Transmission 
system: 

Clutch: 

Nun&r of 
gears : 

Chassis 
construction: 

Front 
suspension: 

Rear 
suspension: 

Wheels: 

Lombardini (Italy) single- 
cylinder diesel 

Kohler (USA) K181 or K301 single- 
cylinder four-stroke using either 
petrol or kerosene fuel. 

Diesel - N/A 
Petrol - 305cm3 or 476cm3. 

Diesel - 5.2kW or 6.OkW. . 
petrol- 6.OkW or 9.OkW. 

Forced air. 

Diesel engine - electric start 
mlY 
Petrol engine - rope recoil or 
electric start. 

Clutch and gearbox assertbly in- 
dependent fran engine. Primary 
drive by roller chain and sprock- 
ets. Final drive by propeller 
shaft to live rear axle featuring 
a differential unit. 

Friction plate. 

Three forward speeds, one re- 
verse. 

Mricated frcm 102mn x 51mn x 
4mn steel channel section and 
12m~1 steel plate. 

Ncne. 

None. 

Pressed steel, front tyre size 
4.00 x 12in, rear tyre size 6.00 
x 12in. 
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Brakes Front brake: None. 

Steering 
system: Steering wheel with chain-driven 

gearing to front forks. 

Rear brake: Foot pedal controlled, hydraulic- 
ally operated motor car - type 
drum brakes. Hand-controlled 
parking brake. 

Electrical system 

. 
ia 

Load container size: 

Vehicle perfarnanoe 

selling price 

Bguipnent 

Options: 

One tonne: 
Half tonne: 

Ml3XillllRll 

payload: 

~~‘Wimum 
operating 
speed: 

Fuel 
consumption: 

Export prices 

12 volt battery and alternator 
(optional on petrol engines). 

Electric starter, lighting, horn 
(optional). 

Rearward tipping load container 
with plywood side and tailboards. 

Bulk extension carrier. 
Cab enclosure. 

Overall length: 3,050Mn 
Overall width: 1,270mn 
Overall height: 1,125lTtn 
Unladen weight: 382-42Okg. 

1,676mn x 1,245mn x 3051nn. 
1,350Mn x 890mn x 305ntn. 

1 tonne (500kg for model 
BHHl). 

29km/h (variation possible by 
changing sprocket sizes). 

N/A. 

on application. 

Hane market prices of Bonza 1 tonne tipping trucks: 
Petrol Engine: 
recoil start 
6kW 52,375 ($4,319) 
9kW x2,479 ($4,508). 

electric start: 
6kW &2r499 ($4,544) 
9kw &2,599 ($4,726) l 
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Diesel Ehgine 
electric start: 
5.2kW &2,925 ($5,319) 
6.OkW &3,049 ($5,545). 
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8. DIFSEL-FEGINED'IFIPEE--VEIlICLE-MAJTEMPOLTD 

r4arlufact~‘s 
address: Bajaj TempoLimited, 

Akurdi, 
Pune-411 035, 
India. 
Telex: 0146-252 'IMFQ IN 

Descriptia3 Bajaj Tempo produce a motorized three-wheel chassis unit 
that is fitted with a choice of three main body options - Cart, Pick-up 
and Autorickshaw: 

- the Pick-up is similar to the Cart but has rear suspension and a 
fully enclosed cab; 

- the Autorickshaw is similar to the Pick-up but has an enclosed 
passenger-carrying unit. 

Annual production is about 2,000 vehicles and exports have recently 
ccxrmenced to Bangladesh. 

Atilalhility of tedyroloqy WilJ.ing to export. Terms by negotiation. 
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Engine Single-cylinder four-stroke 
diesel. 

Capacity: Mechanized Diesel Care_: - 325cm3. 
Pick-up/Autorickshaw: - 454ul13. 

Chassis and 
suspension 

Methodof 
cooling: 

Starter: 

Transmission 
system: 

Clutch: Friction plate type. 

Nurrberof 
gears: Mechanized Diesel Cart - twa 

forward speeds Gild one reverse. 
Pick-up/Autorickshaw - four 
fomrd speeds and one reverse. 

Chassis 
construction: 

F!Jmnt 
suspension: 

Rear 
suspension: 

wheels: 

Steering 
system: 

Forced air. 

Mechanized Diesel Cart - rope 
starter. 
Pick-up/Autorickshaw - electric 
starter. 

Clutch and gearbox assembly 
mounted independently from 
engine. Enclosed duplex chain 
drive to clutch. Eb~closed simplex 
chain final drive to wheel. 

Tubular steel wlded chassis. 

Pivoting front sub-ass&ly using 
coil springs and hydraulic daa+ 
pers. 

Mechanized Diesel Cart - ncne. 
Pick-up/Autorickshaw - indepen- 
dent swing axles with coil 
springs. 

Pressed steel, fitted with 6.40 
x 15in tyres. 

Mechanized Diesel Cart - handle- 
bar. 
Pick-up/Autorickshaw - geared 
steeringwheel. 
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Brakes Front brake: 

Rear brake: 

Electrical system Type: 

Equipment: 

Dimmsicns 

Mechanized 
Diesel Car-t: 

Pick-up: 

Steel load container. 

Fully enclosed, pressed steel cab 
and steel load container. 

Autorickshaw: Fully enclosed, pressed steel 
bcdy and cab with provision for 
passenger seating. 

Wheelbase : 3,07c¶rm 
Track: 1,430mn 
Overall length:4,270111n 
Overall width: Mechanize Diesel ~Brt - 1,55&m 

Autorickshaw - 1,73Cknn 
Unladen weight:Mechanized Diesel cart - 450kg 

Autorickshaw - 750kg. 

Load container 
floor size: 

Mechanized Diesel Cart - none 
Pick-up/Autorickshaw - foot pedal 
controlled hydraulically op 
erated system actuating drum 
brakes on front and rear wheels. 

Mechanized Diesel Cart - tit 
pedal controlled, mechanically 
operated drum brakes. 
Pick-up/Autorickshaw - see under 
front brake. Rand controlled, 
mechanically operated parking 
brake. 

Mechanized Diesel Cart - none 
Pick-up/Autorickshaw - 12 volt 
batteryanddynamo. 

Pick-up/ 
Autorickshaw: Electric starter 

Head lights 
Rear lights 
Stop lights 
Horn. 

Vehicle performance 

Mechanized 
Diesel Cart: 1,980rtm x 1,235xtm. 

Pick-up/ 
Autorickshaw: 1,980ntn x 1,235m-n. 

Mechanised 
Diesel Cart: Maximum payload 1 tonne (approx). 

131 



Pick-up/ 
Autorickshaw: Maximum payload 762kg plus 

driver. 
Maximum 
operating 
speed: Mechanized Diesel cart - 2Okm/h 

Pick-up/ 
Autorickshaw: 45km/h. 

Fuel 
consumption: Mechanized Diesel Cart - N/A 

Pick-up/Autorickshaw - 25lun/l 
(approx). 

Mechanized 
Diesel Cart: Rs 11,241 ($852) 
Pick-up: Rs 30,147 ($2,284) 
Autorickshaw: Rs 30,849 ($2,337). 
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I%NlU.faW’S 
address: Trag Project, 

P.O. Pox 466, 
Marshfield, 
Missouri 65706, 
United States. 

&script&n The Trag is a front-wheel drive, three-wheeled vehicle with 
the engine located over the front wheel. Its uses include general utility 
hauling of gocxls and people. It has been developed for overseas use and 
local manufacture using basic resources. A two-wheeled version that re- 
sertbles a motor cycle has also been developed. 

Since 1979 approximately 250 Trags have been produced at Harshfield 
and they have been exported to a nmber of organizations in developing 
countries. About 100 Trags have been produced in other countries. 

Availability of *logy Trag Project is a non-profit organization arxl 
Trags are not sold on the retail mrket. They are usually sent to mis- 
sionaries or mission projects, or other non-profit organizations, the 
cost typically being met by sponsorship by groups within the United 
States. 

Trag Project will export a manufacturing package that contains jigs, 
fixtures, and parts for Trags in various stages of ompletion, as well 
assending saneone to assist in setting up production. 
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overall specificaticm 

Engine Options: Icmbardini (Italy) 6LD single- 
cylinder, four-stroke diesel. 
Riggs and Stratton (USA) single- 
cylinder, four-stroke petrol. 

Capacity: N/A. 

Maximum pm%: Diesel - 4.5kw or 5.6kw 
Petrol - 6.Okw or 7.5kw. 

Chassis and 
suspension 

Brakes 

Methodof 
cooling: 

Starter: 

Transmission 
system: 

Clutch : 

Nurrber of 
gears: 

Chassis 
construction: Fabricated fran lengths of steel 

box section. 
Front 
suspension: None. 

Rear 
suspension: None. 

wheels: 13in autanobile-type wheels. 

Steering 
system: Handlebar. 

FYcnt/rear 
brake : Foot pedal cantrolled, hydraulic- 

ally operated drun brakes acting 
on all wheels. 

Electrical system T&C?: 

l/%pipllent : 

Forced air. 

Electric or rope start. 

V-belt drive from engine to 
intermediate shaft, then chain 
drive to front wheel. 

V-belt tightened by idler. 

Three forward speeds. 

Optional 12 volt battery and 
alternator. 

Optional. If desired full auto 
motive equipment can be fitted, 
i.e.: Electric starter 

Lights 
Indicators 
Horn, etc. 
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. 
mmensim 

options: Openboxload container 
Taxi model with longittiinal 
seats. 
Medical unit fitted with tm 
stretchers and medical supply 
cabinets. 

Overall length:2,286m 
Overall width: 1,372nm 
Wheelbase : 1,524mn 
Track: 1,219mn 
Unladen weight:227kg. 

Vehicle pera Maximum 
payload: 227kg plus driver. 

Maximum 
operating 
sped: 32-40-/h (depending on drive 

sprocket ratio). 

Fuel Petrol- 14-23km/l 
consumption: Diesel - 21-35km/l. 

These msts are ex-works, fully ass&led. 

Petrol: all electric and options, for 
licensed road use, bench seat, 
auxiliary fuel containers, etc: 
$1,950. 

Diesel: all electric and options, for 
licensed road use, bench seat, 
auxiliary fuel containers, etc. 
$2,900. 

These costs are for the highest specification 
models, and would be lower for a plain, rope- 
start, utility model. 

Packing cost is $200 and shipping can be ar- 
ranged. 
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W’S 
-: Scooters India Limited, 

Sarojini Nagar, 
Liucknow - 226008, 
India. 

Desuiptim The 'Lambro' three-wheeled vehicle is manufactured in India 
with technolcgical support fran an Italian cmqany. The vehicle is avail- 
able with a t-m&r of different bodymrk specifications and can be adapt- 
ed to suit the requirements of individual custaners. 

Approximtely 5,000 vehicles have been produced since 1978. Dqmrt 
to Bangladesh is well established. 

Availahilityoftedaoloqy Available in semi-knockeddmn (SKD) f?mn for 
export. Termsbynqotiatim. 
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tJvEraLlspecificatial 

Engine Options: LJIA-510 single-cylinder, four- 
stroke diesel. 
Single-cylinder, two-stroke, 
using petrol/oil mix. 

Capacity: Diesel - 510cm3. 
Petrol-198cn13. 

Maximm power: Diesel 8.2kW. 
Petrol 7.lkW. 

Chassis and 
suspension 

Brakes 

Method of 
amling: 

Starter: 

Transmission 
system: 

Clutch: 

Nmber of 
gears: 

Chassis 
construction: 

Frcnt 
suspension: 

suspension: 

Wheels: 

Steering 
system: 

FYcnt/rear 
brake: 

Fbrced air. 

Electric. 

Constant mesh gearbox. Propeller 
shaft featuring flexible coup- 
lings drives differential on rear 
beam axle. 

Frictim plate clutch, foot pedal 
operated. 
Diesel - dry clutch, single 
plate. 
Petrol - wet clutch, multi-plate. 

Four forward speeds, one reverse. 

Fabricated fran steel tubing and 
channel section. 

Front fork with leading links, 
coil springs and telescopic 
dwrs. 

Beam axle supported on leaf 
springs. Telescopic dampers. 

Pressed steel fitted with 4.50 
x loin tyres. 

Steering wheel using mm and 
wheelgearing. 

Fbotpedalcontmlled, hydraulic- 
ally operated drum brakes on all 
wheels. 
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Electrical system Type: 12 volt battery and dynastarter. 

Dguipnent: Head light 
Rear lights 
Windscreen wiper. 

. 
Dilnmsim 

wtions for both diesel- and petrol-engined 
versions include: 

Auto Rickshaw 
Saloon 
Tipping load container 
Arrbulance (petrol engine only) 
Delivery van 
Bodywork of pressed steel con- 
struction. 

Auto Rickshaw 
(diesel): Overall length: 3,177mTl 

Overall width: 1,480ITm 
Wheelbase: 2,270m 
Track: 1,316tml 
Unladen weight: 490kg. 

Auto Rickshaw 
(petrol): Overall length: 3,179lml 

Overall width: 1,480mn 
Wheelbase : 2,2701rm 
Track: 1,316Mn 
UnIaden weight: 450kg. 

Lead container 
size: 1,940ml x 1,45c¶ltn. 

Vehicleperfmmame Maxinwm 
payload: 600kg. 

Maximum 
operating 
speed: Diesel - 65km/h (approx). 

Petrol - 53km/h (approx). 

Fuel 
ccnsm-ption: Diesel - 33km/l at 3Olun/h. 

Petrol - 21km/l at 3Okm/h. 

Sellirqpkrice FOB, any Indian port, in chassis form only. 

Diesel-engined 
versim: Rs30,300 ($2,296). 

Petrol-engined 
version: .Rs19,935 ($1,510). 
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--‘S 
address: Indespension, 

Belmntlaoad, 
Bolton, BLl 7AQ, 
united Kingdan. 
Telephone: (0204) 58434 

Description Indespension specialize in trailer equipnent and have 
supplied ccmponents to many muntries for local assenbly of low-cost 
vehicles. They are willing to advise on the production of trailers. 

Availability of tecbmlogy 
terms by negotiation. 

All cmponents availab by direct export; 

PmMuct range Product range includes: 

F!ubber-sprung arm suspension units canplete wit', or without, stub 
axles. A variety of stub axle specifications ar. available to suit 
different types of hubs (see Annex 3 for illustrat on). 

Rubber-sprung am, load capacity range per pair: 
British retail prices fran X20.50 ($37) per pair. 

25-15OOkg. 

Hubs (braked and m-braked), wheels and tyres. 

Trailer couplings (5Omn ball type), pressed ,Jteel and cast iron 
construction. 
British retail prices fran a.90 ($16). 

Wide variety of ancillary eguipnent for trailer ,, including mtnplete 
chassis, electrical caqmnents, etc. 

Further details of product range and prices on applicaticn. 
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V’S 
adldress: Avon Rubber Gmpany (Ewidgend) 

Iiimited, 
~gineering Products Division, 
Industrial Estate, 
Rridgend, 
Glamrgan CF31 3RE, 
unitea Kingdan. 
Telephone: (0656) 55571 

. 
Lksaqkicm Avon supply a range of axles, hubs, wheels and t,yres. 

A-tyof te&mlcqy Available by direct export; tern by nego- 
tiation. 

Pmdmt range Prcduct range includes: 

m-driven beam axles with integral rubber-sprung arm units and hubs 
(braked and unbraked). 
Axle load capacity range: 550-3,000kg. 

Various types of wheels and tyres. 

Rubber-sprung arm units.omplete with, or without, hubs (braked or 
unbraked) . 
load capacity range per pair: 140-1,550kg. 

Further details of product range and prices on application. 
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IYENUBm'S 
-: Axles Limited 

Wiggerihall md, 
Watford, 
Herts,WLU8AR, 
united Kingdan, 
Telephone: (0923) 25394/6 

Description Axles Limited supply a range of axles, hubs, wheels and 
tyres for law-speed vehicles. 

A~tyoftechaology Available by direct export; terms by 
negotiation. 

product rarqe Product range includes: 

Non-driven beam axles with hubs (braked or m-braked). 
Axle load capacity range: 600-3,SOOkg. 
British retail prices frcm 236.65 ($67). 

Leaf springs for beam axles. 
Rritish retail prices per pair frm X30.70. ($56). 

Rubber-sprung am units with hubs. 
Load capacity range per pair: 600-3,SOOkg. 
British retail prices per pair frm Z75.60 ($137). 

Various types of wheels and tyres. 

Further details of product range and prices on application. 
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Manufacturer’s 
-: Salati Srl, 

Via Raffaelo 2, 
Zuna Ind., Mancasole, 
I-42100 Reggio Bnilia, 
Italy. 
Telephone: (0522) 43443-7 

Descxwal Salati produce axle units which have been exported to 
countries wrld-wide, including many developing countries. 

Addability of t&molqy Axle units available by direct export; terms 
by negotiation. 

praduct range Product range includes: 

W-driven beam axles with a variety of hub specifications to suit 
different types of wheel fran scrap motor vehicles. Available with 
or without braked hubs and with no suspension mechanism (see Annex 
5 for illustration). 
Axle track width available to custaner's own specification. 
Axle load capacity range: 400-8,SOOkg. 
Prices per axle fran $25. 

Further details of product range and prices on application. 

142 



15. -D-m- 

B’S 
-: Bradley Doublelock, 

Victoria Mrks, 
Bingley, 
West Yorkshire, BD16 2NM, 
UnitedKingdan. 
'Telephone: (0274) 560414 

INascrim Bradley Doublelock specialize in trailer equipnent. 

Amlity of lxdmhqy Available by direct export; tems by 
negotiation. 

product raqe product range includes: 

Wide variety of trailer couplings (5m ball type). British retail 
prices fran X.8.59 ($16). 

Rubber-sprung arm suspension units with a variety of hub spec- 
ifications to suit different types of wheels frm scrap motor 
vehicles. 

Load capacity range per pair: 275-2,000kg. 

Non-driven beam L~les featuring integral rubber-sprung am units and 
hubs (braked and unbraked). 

Ancillary eguipnent for trailers. 

F'urther details of product range and prices on application. 
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The frame of a vehicle is often referred to as the chassis. A chassis is 
a structure which connects the parts of the vehicle in their proper 
spatial relationships and accepts the loads they create. It should be 
stiff enough to resist too much distortion, which will both adversely 
affect controllability and over-stress other vents, and strong 
enough to withstand the loads applied to it. Hrxever, it should be no 
heavier than necessary since this will reduce the useful payload of 
passengers and/or goods that the vehicle can carry. 

The chassis of modem motor cars are usually made of pressed steel 
which is ideally suited to large-scale _oroduction for this application. 
Wver, it is not appropriate for rugged, lcw-cost motor vehicles prt>- 
duced in smaller quantities since the capital investment in niachinery and 
production tooling is very high. 

For low-cost vehicles produced in relatively small nwrbers, hollow 
steel sections are the rrr>st suitable materials to use for constructing 
the chassis. Lugs can be welded to the chassis to facilitate the mounting 
of bodywork and other canponents. The preferred dimensions of the steel 
sections will depend on the chassis design and the intended use of the 
vehicle, but in my developing countries the design will be constrained 
by the available choice of steel sections. 

Hollow steel sections are rectangular, square or round in cross 
section. Rectangular and square sections am easier to work with than 
round sections because the welded joints can be simply fomaed on flat 
faces. They also provide flat faces for convenient munting of additional 
menibers, lugs and other oxnponents. However, round sections can be bent 
using a tube-bending mchine to form curves, Which reduces the number of 
welded joints required in a chassis. When bending tube of 38mn and over, 
which will usually be the case for vehicle chassis, a hydraulically op- 
erated bending machine is needed. Steel water pipes of around 25mn to 
8Omn diameter are often available in developing countries and are scme- 
times used for fabricating chassis. 

Angle, channel and I-sections of mild steel are often more readily 
available than hollow se.ctions in developing countries. Though they are 
suitable for fabricating r&n chassis menbers, these 'open' sections have 
a 1-r strength-t-weight ratio than hollow sections. Consequently, the 
use of open sections usually results in a heavier chassis. Angle section 
is especially poor at resisting twisting or torsion loads. It should 
there- fore never be used for fabricating a single main chassis raenber 
such as used in the T-frame shawn in Figure 3.4. in the main text. 

As a quick guide, it is xxth mentioning that tm of the cxmaerci- 
ally produced vehicles featured in Clhapter 8 have the following chassis 
specifications: 

(i) Martin Truck (payload 1 tonne) - chassis fabricated fran 1Om 
x 521~tn x 4mn steel channel and 12ntn steel plate, all welded con- 
struction; 

(ii) Lambro (payload 600kg) - central beam of 80nn diameter steel 
tubing welded to load-carrying platfcm of steel channel. 
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Table Al.1 lists the eight, relative mst and relative strength of 
some of the rrwt ccmnm sections used for chassis constructi~. The 
theoretical calculation of the mst efficient section to use for the main 
longitudinal members of a chassis can be quite cunplex. Their required 
strength depends on such factors as the vehicle dimensions, weight and 
distribution of load, and dynamic forces experienced when driving, 
braking, trawising rough ground, etc. It is advisable to seek advice 
from an experienced engineer to calculate the preferred material 
dimensions for a chassis, and crucially imprtant that a prototype 
chassis should be thoroughly tested under realistic operating ccnditions 
before embarking upon mrcial manufacture and sale. 

TABLE Al.l: Characteristics of tzcmnm steel sections 

Section 

m@'T=1 
angle 

Channel 

HollcXV 
section 

Size Weight 
(md (kg/m) 

25 x 25 x 3 1.11 
30 x 30 x 3 1.36 
40X40X3 1.83 
50 x 50 x 5 3.77 
50 x 50 x 6 4.47 
50 x 40 x 5 3.37 
65 x 50 x 5 4.35 
75 x 50 x 6 5.65 
76 x 38 6.86 
(3" x 1.5") 
102 x 51 10.57 
(4" x 2") 

33 
39 
413 
89 
105 
89 
120 
146 
160 

Relative strength 
inpure 

T ing 
(z value un ) 

0.45 
0.65 
0.92 
3.05 
3.61 
2.95 
5.14 
8.01 
20.00 

236 41.46 

25 x 25 x 3.2 2.16 63 1.75 
30 x 30 x 3.2 2.65 83 2.67 
40 x 40 x 2.6 3.03 86 4.47 
40 x 40 x 4.0 4.46 137 6.07 
50 x 50 x 3.2 4.66 138 8.62 
50 x 30 x 2.6 3.03 87 4.96 

Relative (1Dst 
per unit 
lensth 

2. Em---a- 

On most vehicle designs the bcdywrk or 1-d mtainer is supported on 
the outer frame of the chassis. This outer frame is usually made fran 
angle section steel. A full-width axle of a vehicle is best made fran 
hollw section steel. Table Al.2 gives r Bed steel section dimen- 
sions for the outer frame and axle for different payload capacities. 
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TABLE Al.2: R-mended steel sections, outer frame and axle 

md Gross Lvelght Outer frame Non-drivenbeam 
container capacity of (angle section) (hollow section) 
size axle 

1,250 x 9OOntn 200kg 40 x 40 x ?mn 50 x 30 
1,500 x 9oolml 500kg 40 x 40 x .3mx 50 x50 x2m 
1,750 x 1,25Qrm 5OOkg 50 x 50 3; 5~n-n 50 x50 x2m 
2,000 x 1,25Ch~rn 1OOOkg 50 x 50 x srmi 63.5 x 63.5 x 4mn 

Joints in steel structures are usuttliy nude by welding. Bolted joints can 
be used but have to be considerably more canpl.icated to achieve the same 
strength. Except where parts must be easily detachable, welded construc- 
tion is preferred. There is much variation in the design of joints for 
welding. Examples of good steel joints are sh&m in Figure Al.l. Many 
joints can be further strengthened by adding gussets. Good-quality 
welding is essential to achieve maximum joint strength. Electric arc or 
gas welding can be used but one of the ITKSS~ efficie;lt types of welding 
for small-scale manufacture is metal inert gas (MIG) (L A MIG wlding plant 
uses a continuous wire feed for the electrode with a constant supply of 
inert gas to shield the welding arc. The gas is typically canposed of 95% 
carbon dioxide and 5% argon. This process results in strong, stable 
welds, and if the gas and wire cons&&s are locally available, is very 
eccnanical. 

When drilling chassis members, it is advisable to position the holes on 
the neutral axis (m) of the section tirenever possible, so that metal is 
only removed fran areas where the stress is at a minimum. Figure Al.2 
indicates the POsition of the neutral axis for sane c-r-! steel sec- 
tions. If a bolt is to lass &through both sides of a hollow section, it 
is important to fit a spacer inside to prevent the section being crushed 
as the bolt is tightened. 

5. 
. . 

-am 

An existing chassis can be strengthened by the welding of additional 
members at key psitions. The sketches shawn in Figure Al.3 give sane 
useful ideas on how different hollow and open sections can be strength- 
ened. Generally the additional stiffening members need not run the full 
length of the main me&ers, but should be positioned to span the weakest 
point or the most highly stressed part of the main &r. 
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The type of bodFrk attached to a lw-ast vehicle chassis is determined 
primarily by its intended use. Many cannercial manufacturers offer the 
same low-cost vehicle chassis but with a number of options for bodmk. 
The tm main categories of bodywork are goods containers and passenger 
transporters. Hakffver, in practice it is often the case that neither type 
of bodmrk is used solely for its intend& purpose since it is m 
for low-cost vehicles to carry cc&ined loads of gocds and passengers. 
Low-cost vehicles can be sold in chassis form with no bodywork, or with 
only a load-carrying platform, so thatthepurchaser canarrange the con- 
struction of bcxdmrk to suit individual requirements. Irrespective of 
which type of load-carrying bodmrk is fitted, all low-cost motor 
vehicles have basic lxdy++crk requirements for driver seating and weather 
protection, etc. Each of these aspects is discussed below. 

2. Basicrxx@mmmts 

The basic bodmrk requirements for a low-cost motor vehicle are as 
follows: 

1. Driving seats can vary frcen a small men bench to a large 
fully upholstered seat. A resilient seat will add to the driver's 
comfort, but more important is the driving position afforded by the 
seat. The controls must be easily accessible and all-round vision 
adequate. 

2. A fabricated chassis needs a steel or -en floor pan to sup- 
port the driver's feet. It is also useful for support when msunting 
and dismounting fram the vehicle and, if mde frun steel plate, it 
can offer additional bracing to the front chassis members. 

3. A mudguard for the front wheel(s) is an iqzortant addition. It 
protects the driver fran mud and stones being flung up. Rear mud- 
guards are also important as they help to protect the vehicle 
itself, and following vehicles, fran road debris. 

4. Some vehicles feature weather protection for the driver. In its 
simplest form this can be no more than an ordinary tirella clamped 
to the frame. This offers effective protection fran the sun, and 
light rain. Another option is to have several struts of steel or 
e supporting a more permanent canopy - made of waterproof cloth 
or sheet steel - frun which flexible plastic sides can hang dawn to 
provide additional protection. The sides can be rolled up and stowed 
on the roof. 

5. A more substantial form of enclosure for the driver consists of 
rigidly mounted sides, a roof and integral doors and perspex 
windows. Rerspex is easier to rrPunt than glass and less prane to 
cracking due to vibration. If the vehicle speed is likely to exceed 
3Okq/h a windscreen should be fitted to protect the driver's eyes, 
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especially if the vehicle is operating in dusty conditions. If the 
vehicle has a fully enclosed driver's cabin, it is important to fit 
a windscreen wiper to ensure adequate visibility in the rain. 

6. On most motorized vehicles rear view mirrors are an important 
addition. Their use is especially important on vehicles that operate 
in dense traffic, and they are essential on any vehicle fran which 
rearward vision is restricted. 

7. A fully enclosing cawl can be fitted to give weather protection 
to the engine and transmi ssion assmbly. (See illustration of the 
Autorickshaw produced by E3ajaj Auto Ltd. of India, example 5 in 
Chapter 8, tich has a roof for both the driver and passengers and 
also a steel cowl enclosing the engine.) It also limits unauthorized 
access to these parts, which my be an important consideration in 
an urban environment. However, it is important that this enclosure 
should not shield the engine fran cooling air to the extent that it 
overheats. 

There are tm general considerations in the design of passenger bodwrk: 

(i) the seating arrangement should be designed to give a low centre 
of gravity, and hence high stability to the loaded vehicle. Mwever 
it must also provide a reasonable degree of seating cOrnfOrt, and 
allaw convenient entry and exit of the passengers; 

(ii) the seating arrangement should be designed to prever? over- 
loading when the vehicle is fully loaded with passengers and their 
ws* 

There are two basic types of passenger bodywork. The first consists 
of two longitudinally arranged bench seats, which my be padded, facing 
inwards and allowing the passengers to sit in rows (Figure A2.1). The two 
bench seat bases are usually positioned over the rear wheels with a 
sunken platform between them for "ihe passengers' feet. The rear of the 
vehicle is usually open to allow easy access to and frm the benches. The 
second optim is to mount berzch seats laterally across the vehicle 
(Figure A2.2). Guard rails or extended back-rests are often fitted to the 
benches for the increased safety and cunfort of the passengers. Full 
mther protection is frequently employed on passenger-carrying vehicles. 

The type of cargo mntainer fitted to a lcm-cost motorized vehicle will 
have a major effect on its practicality and convenience in a particular 
application. The specification of the cargo container is therefore of 
crucial iqmrtance in determining the popularity, usefulness and ec~~~anic 
efficiency of a vehicle design. 

The height of the load affects the dymmic behaviour of the vehicle 
- the 1-r the centre of gravity, the rare stable it becomes. The base 
of the cargo container should not be positioned too low, however, as this 
will limit the ground clearance and reduce the vehicle's ability to 
traverse rough terrain. 

150 



Genexalm w -1 A large proportion of law-cost motor- 
ized vehicles, particularly those owned by rural families, are used for 
carrying a variety of different cargoes. For such applications a general- 
purpose cargo container is appropriate. The simplest, cheapest and light- 
est type of cargo container is a flat platform. This arrangement is 
suitable for carrying sacks, small drums and other cargoes that are in 
some form of container. It is preferable if the load is tied dawn. The 
flat platform is best constructed as a rectangular steel frame with 
either wcoden planks or additional steel members and sheet to form the 
decking. Angle section steel is often used to fabricate the frame because 
it forms a slightly sunken platform which is ideal for amating 
wooden planks. The frame can either be welded or bolted to the vehicle 
chassis. Figure A2.3(a) shm a rectangular steel frw mounted to an 
A-frame trailer chassis. 

A popular form of general--se cargo container for a lmst 
vehicle is an open-topped box made fran sheet steel. This is, essenti- 
ally, a simple platform with sides added (Figure A2.4). This arrangement 
allm loose loads such as earth, sand or agricultural produce to be car- 
ried, and is also convenient for carrying packaged gocds without tying 
them down. The sides and base of the cargo container usually need to be 
supported by additional frame members. If the cargo container sides are 
rigidly mounted, they will give additional support to the side members. 

E3ox containers can be provided with a removable or hinged tail-board 
and s'des to facilitate loading and unloading, but this will reduce the 
overall rigidity of the structure unless the catches which hold the tail- 
gate in the closed position are well designed and securely located. Con- 
tainers can also be fitted with lids to increase the security of the 
cargo. The addition of extended sides as fitted to the three-wheeled 
vehicle in Figure A2.4 will increase the carrying capacity for a law- 
density load. 

Sheet steel is a very suitable material for cargo containers. It can 
be formed into a wide variety of shapes. Sheet steel containers need to 
be adequately braced for support, and f6lding the upper edges will im- 
prove their rigidity. Zinc-coated (galvanized or GI) steel is resistant 
to rust and is very useful for carrying water or food. Glass-reinforced 
plastic (GRP), mly referred to as 'fibreglass', is a very useful 
material for load containers, but is not widely available in most devel- 
oping countries, and is often expensive. However, it is very useful for 
producing containers or tanks for carrying drinkable liquids (milk, 
water) or unpackaged food. The production processes used to make GI?P con- 
tainers naturally provide smcrath surfaces and well-rounded corners, 
making them easy to clean. GRP load containers are unlikely to be as dur- 
able as steel or tien ones, hover. 

Special- cargo oontainers Special-purpose cargo containers are 
required on vehicles which are purchased for a specific applicatia. The 
fitting of a special-purpose container will normally increase the cost 
of a vehicle cunpared with a simple general-purpose design. Lmportant 
types of specialised containers are ccvered Bela. 

Tank Tanks can be used to trans~rt a range of liquids - kerosene, oil, 
petrol, agricultural chemicals and water. The design shawn in Figure A2.5 
can be made fran galvanised sheet steel if a clean container for drinking 
water is required. A tank can be produced by nrxlifying a standard 200 
litre oil drum. This modification requires a cap to be added to the top 
of the tank, for filling the container. A further rnodificaticn is to 
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include a 'baffle'. A baffle is a plate built into the tank. It prevents 
rapid movement of the liquid from one end of the cantainer to the other, 
which can affect the stability and balance of the vehicle. A gap must be 
left at the b&tan of the baffle to allow the tank to be emptied. A stan- 
dard tap fitting, attached to the rear of the tank, allm liquids to be 
emptied easily. 

A cradle fitted to the tank will allow it to be easily attached to 
or detached fran the vehicle chassis and ensure that it is held in the 
correct position. 

Insulated bm Insulated boxes fitted with lids can be used for distribu- 
ting and selling a range of perishable goods, including milk, fish, ice- 
cream, cold drinks, etc. The design illustrated in Figure A2.6 is mde 
of GFU?. The material is well suited to this application, as the internal 
surfaces can be easily cleaned, but wood or steel with painted surfaces 
can also be used. The important feature of insulated boxes is the space 
between the inner and outer containers which is filled with insulating 
mterial which inhibits the change of temperature of the load. poly- 
styrene foam (used for packing fragile products) is a good material, but 
may be difficult to obtain. Sacking, scraps of cloth or & shavings, 
etc., are possible substitutes. This type of container should be con- 
structed so that it can easily be removed fran the vehicle. This will 
enable other loads to be moved if the transport of perishable loads is 
only a seasonal requirement. 

m aargo oontainer When roving large quantities of loose materials, 
for example on a construction site, a great deal of time can be saved by 
using a vehicle which will tip to unload. The cargo container must have 
a hinged or removable tail-board, and the container frame must pivot 
relative to the longitudinal chassis members. Figure A2.3(b) shcJws the 
construction of a light trailer with a tipping cargo container. The 
platform of the cargo container must be relatively high off the ground 
to give a sufficient angle of tip to ensure that the material is fully 
discharged. 
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Fig. A2.1 Passenger kxzx3y with longitudinal seating 

Fig. A2.2 Passenger body with lateral seating 



4 
Fig. A2.3 (a) Rectangular frame n-ounted on A-frame chassis 

Fig. A2.3 (b) Trailer chassis with tipping body 

154 



Fig. A2.4 Open-topped box 5cdy with extended sides 

Fig. A2.5 Liquid tank shaving 'baffle' 



Fig. A2.6 Insulated box 



AJmEx3 

SUSPENSION 

The vibration and shock loads imposed on a vehicle by road surface irreg- 
ularities can cause discomfort to the occqq~ts, damage a fragile load 
and subject the structure to exe-,ssive stresses. Suspension is employed 
to reduce the extent to which these loads are transmitted to +Lhe vehicle 
structure, but in such a way as to minimize the adverse effect on vehicle 
stability. On same types of lo.+speed, law-cost vehicle no suspension is 
used. For example: 

a traditional, Indian men-wheeled bullock cart has no sus- 
pension system and no means of reducing the loads transmitted 
by the road to the cart; 
a bicycle has no suspension system and relies on the resilience 
of the pneumatic tyres to reduce the loads transmitted to the 
vehicle. 

However, because law-cost motor vehicles travel at higher speed than 
non-motorized means of transport it is necessary in most applications to 
fit suspension systems. The use of a suspension system is particularly 
important on vehicles regularly used on rutted, uneven roads and, gener- 
ally, the need is greater on vehicles using small diameter wheels. 

The suspension system of a lo+cost motor vehicle will usually 
consist of springs and mechanical linkages which control the relative 
motions between the wheel-and-axle assemblies and the chassis. L%st sus- 
pension systems also use dampers, sometimes called shock absorbers, in 
conjunction with springs. These devices are required to cause a rapid 
reduction of (or to damp) vibratio;:s that tend to be induced in a sprung 
assembly. 

This chapter discusses the characteristics of different types of 
springs and dampers, and then how they are incorporated into different 
suspension systems. 

Suitable types of spring for the suspension of lo.+cost vehicles are: 
leaf, coil, torsion bar and rubber. Except for the last type, the springs 
are normaLly made of steel. The production of steel springs is a special- 
ized activity requiring special equivt. The specification of the rrat- 
erial from which a spring is made directly affects its perforce. 
Specifically, steels used for making springs must have a relatively high 
carbon content - typically between 0.6% and 0.9% - and must be suitably 
heat-treated to give the correct spring characteristics. Springs are 
usually subjected. to a process called 'scragging' which involves over- 
loading them in a precise mer to increase their service life. Shot 
peening and anti-corrosion treatments are also often employed for the 
same purpose. 

Many lo,+cost motor vehicles will therefore use springs supplied by 
specialist rranufacturers, or from conventional motor vehicles such as 
cars, commercial vehicles or motor cycles. An understanding of the suit- 
ability of a particular spring to be used in a certain application can 
be gained from considering its performance when used on a conventional 
motor vehicle. This will provide basic information on the spring's 
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ability to support loads and the specification of the required mechanical 
linkages. Hawever, because the weights of, and the loads carried by, low- 
cost vehicles are generally 1-r than motor cars and camrlercial veh- 
icles, it is often necessary to adapt standard springs. This can be done 
by, for example: 

- removing scme of the leaves fran a leaf spring; 
- reducing the length of a coil spriilg or torsion bar. 

Hu.+ever, this must be done carefully to ensure that the final spring 
has the correct characteristics for the vehicle application. Also, it is 
important to avoid applying excessive heat which will alter the heat- 
treated properties of the steel, and hence its springing characteristics. 

Ieaf sprinss The rmst ccrmr>n application of leaf springs on conventional 
vehicles is to support the rear axle (Figure A3.1 shm the beam axle of 
a low-cost vehicle equippad with leaf springs). They are rarely used on 
modem motor cars but remain very mn on carmrercial vehicles. The roost 
common form of leaf spring is the semi-elliptic type which is mounted on 
to the chassis at each end and supports the axle at its centre. There are 
several variants of this design in use but the principles of operation 
are similar. A leaf spring is constructed fran several layers of steel 
strips to form a beam of laminated construction. The beam is supported 
by pivots at each end; one end also features a swinging shackle. The 
function of the shackle is to aCCOmTlOd ate the variations in the length 
of the spring as it deflects. Figure A3.2 shows the main cunponents of 
a typical semi-elliptic leaf spring. 

When supported on pivots, a leaf spring is subjected to bending 
stresses rising to a maximum at the point of loading - this corresponds 
to the point of location of the axle in Figures A3.1 and A3.2. The leaves 
of a leaf spring are arranged to make optimum use of the spring material 
by distributing the bending stresses equally throughout the volume of the 
material. The leaves are strips which are cut to length as indicated in 
the diagram (Figure A3.3). The strips sometimes have pointed ends, as 
sm, to improve the distribution of the bending stresses throughout the 
spring. As a leaf spring deflects, there is a relative sliding motion 
between the surfaces of the leaves, and the friction between them tends 
to oppose this motion. This provides a degree of in-built damping which 
reduces the need for separate damping units. In an effort to control this 
friction, the spring leaves are often interleaved with plastic mat- 
erials. Also, the springs themselves are sametimes wrapped and sealed to 
prevent the entry of dirt and water. 

The ends of the longest, or master, leaf of a leaf spring are 
usually coiled to form the eyes for receiving the pivot or shackle pins. 
Sometimes, hclwever, these eyes are forged on the ends or other special 
arrangements made. Rubber bushes are widely used in the eyes of springs 
for light motor vehicles, but metal bushes, with provision for lubrica- 
ticn, are necessary for very heavily loaded springs. Nylon or self- 
lubricating bearings can be used in place of rubber types, although they 
are not as effective at reducing the transmission of high-frequency 
vibrations to the chassis. 

A single bolt, usually in a vertical hole through the centre of the 
spring, holds all tile leaves together. Four additional bolts, or two U- 
bolts, are used to clamp the spring to the axle. The axle can be mounted 
either on top of the springs, or beneath them. Various methods have been 
used to locate the leaves positively within the pack. The leaves 
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Fig. A3.1 W-cost vehicle with live beam axle suspended on leaf springs 
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sometimes incoqorate small projections which mate with oarresponding 
recesses in alternate leaves. Clips Ghich fully e&race the leaves are 
also used to prevent displacement. 

As well as providing springing to the axle, the leaf spring serves 
to guide it. Fbre am3 aftmovemntof the axle is limitedby the leaf 
spring and on a low-oost motorized vehicle no additional suspension 
linkage msn-bers are required. 

Leafspringsfran ccmmrcially produced n&or vehicles can be mdif- 
ied to give softer springing for use on a lightduty, lm-cost vehicle. 
This is best acamplished by remving alternate leaves so that the depth 
of the spring is approximately halved. It is very inqortantthatthe 
lengths of the individual leaves are arranged to be progressively short- 
er, thereby fominga triangular shape foruniformstressdistribution. 

coil springs Coil springs are the most widely used type for vehicle 
suspension systems. They have the advantage of fitting into a ampact 
space and have four times the energy storage capacity for a given weight 
than leaf springs. Figure A3.4 shows a typicalexanple. me end of the 
coil spring is attached to the chassis, andtheotherendtoalinkage 
that connects the wheel-axle to the chassis. 

mr units are often munted inside coil sprirqs with pivots at 
each end. Figure A3.5 shows the internals of such a coil spring/daqer 
unit. This arrangemnt is especially mmmnonmtorcyclerearsuspen- 
sion systems andonthe frontsuspensionofmotnrcars. 

Coil spring/damper units frm either scrap vehicles or a ammarcia 
supplier are often useful for incoqorating into the suspension of a 1okF 
cost vehicle. The stiffnesses of coil springs vary widely between 
vehicles, hcmaver, e.g. aspring/daqerunitfmnamtorcarsuspmsicn 
is 1ikePy to be designed for higher loads than that of a motor cycle. The 
suspension gem&q affects the degree to which a coil spring is load&l. 
This is discussed further in Section 3 of this Annex. 

OnemeW of stiffening a suspension system is tonountadditimal 
coil spring/damper units. Figure 3.19 shows a mtor cycle sidecar fitted 
with twa units. Figure 3.18 shms a mtor cycle, equipped with a sidecar, 
with four units munted to its trailing arm. 

Rubber spriqzs Several types of rubber spring can be used on low-cost 
motor vehicles. They are not cmnmly fitted to cmnventional n&or 
vehicles, but they do have certain advantages: 

W rubbercanbenmldedtoalmstanyshape; 

(ii) itcanbebonded tometalpartsvery fimly,mkingattac2m?nt 
totheotherpartsofthe suspensicn systemsimple; 

(iii) by suitably varying the 'mix' or by the addition of fillers, 
it can be endomd with a greatamountof inherentdaqing capacity 
through the abmrption of energy by hysteresis (internal frictim) 
which can eliminate the need tir separate dampers. This actiongen- 
erates heat in the rubber, lmwever, and therefore the systm must 
be des- igned so that severe amditicns do not cause too much 
softening. 

The fatigue strength of rubber is best in vessim. Subjecting 
rubber to tensile loads tends to result in the development of cracks. (Me 
disadvantage of rubber is that the magnitude of the making range is 
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Fig. A3.4 Coil spring 

Fig. A3.5 oJrir~-~ne~~ coil spring/damper unit 



~~11 and therefore it is usually necessary to incorporate a mechanical 
linkage that transfers the energy frcrn a large deflection of a wheel to 
the ~~11 deflection of a rubber spring. 

An efficient form of rubber spring which does this, and is much used 
on trailers, is the sprung arm unit. These are produced by a number of 
luanufacturers, and a diagram shcwing the internal construction of a unit 
produced by Indespension is shown in Figure A3.6. The basic design 
principle employs a sguare-section solid beam inserted into a hollow axle 
beam of box section at an interior face angle of 45 degrees. A rubber 
roller, or cord, is located in each of the four resulting triangular- 
shaped spaces (Figure A3.7). 'lo the outer end of the solid inner beam is 
attached an arm, on to which the stub axle is welded, whilst the opposite 
end of the inner beam is 'free' inside the enveloping hollow box 
section. When loading is applied to the stub axle, the inner solid beam 
rotates inside the hollow outer beam, thus canpressing the rubber 
rollers. The sprung arm units are usually rnXmted one at either end of 
a non-driven beam axle. Their use provides effective independent 
suspension with a degree of integral damping for gcod ride character- 
istics. The units are light, durable and require no maintenance. They are 
available with different load ratings arCI to suit a variety of types of 
motor car hub ass&lies. They are produced by a n-r of manufacturers 
(see Chapter 8). 

Many suspension systems incorporate a small block of rubber called 
a 'bw stop' to limit the travel of the axle. This prevents the axle 
from hitting the chassis when subjected to large shocks. Bunp stops IMY 
be attached either to the top of the axle, as shawn in Figure A3.9, or 
to the underside of the chassis, as in Figure A3.10. 

Dampers function by opposing motion, the magnitude of the resisting force 
increasing with the velocity of tne nutian. Without dampers, the vehicle 
will tend to sustain a regular bouncing motion due to the elastic nature 
of its springs. As well as being unpleasant for the occupants, this sig- 
nificantly reduces the efficiency of the suspension and severely impairs 
the stability of the vehicle. The degree of dan@ng offered by a damping 
unit should be matched to the stiffness of a suspension system for opti- 
mum performance. Generally, stiffer suspensions are needed for high 
vehicle loads and require mre damping to oppose the higher forces in- 
volved. Modem dampers are usually telescopic hydraulic struts (Figure 
A3.8) that are interposed between the chassis frame and axle or, less 
frequently, of the lever type (Figure A3.9), which are also hydraulic 
units. Friction dampers give inferior performance to hydraulic types but 
are much simpler to produce. The friction damper shcwn in Figure ~33.10 
uses a sandwich arrangement of alternating flat discs of steel and Zric- 
tion material, the whole asse&ly tightened by an adjustable dished 
spring. nJ0 levers in a V-formation, attached by pivots to the axle and 
chassis frame, produce relative angular movement between the steel and 
friction discs, thus providing a damping action. In a locally produced 
item, mventional brake lining material can be used to make the friction 
discs. 

3. 

It is important to choose a suspension system with the capacity to match 
the maximum load likely to be carried by the vehicle. A suspension system 
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Bump stop 

Fig. A3.9 Lever ann damper 

B&p stop 

Fig. A3.10 Friction damper 
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Fig. A3.11 Types of front fork suspensicm system 
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that is too soft will constantly 'bottan out' and will be inefficient at 
reducing the transmi ssion of large shock loads to the vehicle. W soft 
a suspension is also likely to result in damage to the vehicle struc- 
ture. Too hard a suspension will result in a harsh ride, and minor irreg- 
ularities of the road surface will cause excessive vibrations to be 
transmitted to the vehicle. 

In selecting suspension systems for a vehicle, it is necessary to 
consider front and rear, and driven and non-driven, wheels separately. A 
further consideration is the canfiguration of the vehicle (three- or 
four-wheeled, sidecar, trailer, etc). 

Suspension options are analysed here in terms of: 

- rear suspension; 
- frcntsuspensim; 
- independent suspension. 

Hcrwever, it is necessary first to define different types of axLe. 
Generally any shaft supporting a revolving wheel is referred to as an 
axle. The axle may carry a single wheel, or be a W axle mounted trans- 
versely across the width of the chassis of a vehicle, supporting two 
wheels, one at each extremity. 

Adeadaxleis onethatdoesnot rotate,but simply acts as a struc- 
tural member supporting a wheel or pair of wheels. A&W ~~ERII axle con- 
sists of a structuralmerrber with ahub ateach end towhich the wheels 
are attached. 

A live axle is one that rotates with the wheel or wheels. The axle 
rotates in bearings, which are munted on the suspension linkage or in 
a housing that forms part of the axle asstily. 

IWrsuspmsh Winy types of low-costrrotorvehiclehave apairofrear 
wheels on the same axis: 

- three-heeled vehicle with single front *eel; 
- four-*eeled vehicle of c0nventicnal configuration; 
- four-wheeled conversion of motor cycle. 
- tmeeled trailer. 

The pair ofwheels canberrountedon abeamaxle (which* consider 
here) or suspended independently (discussed under independent suspension, 
below). 

The simplest form of beam axle rear suspension is tier-e the pair of 
wheels is not driven (e.g. on a trailer, a four-wheeled conversion of a 
motor cycle, or a three-wheeled vehicle with single, front-wheel drive). 

A non-driven rear axle is simply fabricated by welding a hub to 
either end of a steel structural W to form a dead beam axle. The 
fabricated beam axle can be mounted rigidly to the chassis but it is mre 
common to use a simple suspension system. The simplest system is to 
support the axle on two seni-elliptic leaf springs, one at either end. 
This does not require any cunplex linkages, and the inherent friction in 
+Ile springs may provide sufficient da@ng, though separate dampers can 
bc fitted at each end of the axle. Cne end of each damper is attached to 
the axle, the other to the chassis. The simplicity of this configuration 
makes it the nest suitable type for many low-cost motorized vehicles. A 
number of manufacturers produce a wide range of cunplete rear beam axle 
and wheel ass&lies for low-speed vehicles (see Chapter 8). 
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Faradrivenrearaxle, the suspension systanis related tothetype 
of transmission used. Fbr a shaft drive, a live beam axle will be used 
with a final drive unitatits centre.Thistypeofaxle canbe suspended 
in the same manner as described above (see Figures 4.18 and A3.1). It is 
possible to adapt nrost types of rear axle assembly frcrkl ci rear-wheel 
driven tier car or light aarmercial vehicle to fit the chassis of a lw- 
cost motor vehicle. Howver, it is important to adapt the cur@ete axle/ 
suspension assszbly inclwling the original springs, linkages, dampers, 
etc. Brackets and zxwnting points should be incorporated on the chassis 
to accarmDdate the asseaMy in a similar manner to the original. The 
suspension system of the new vehicle will then have a load-suppo&ing 
capacity ounparable to the original vehicle. A wide variety of different 
spring and linkage configurations are employed to attach the rear axle 
to a nator car chassis. 

A chain-driven beam axle, without a differential unit, is also a 
live axle. Hcwever, it differs fran the shaft-driven type in that there 
is no outer housing as part of the axle assenbly to carry the bearings 
and act as the structural ms&er. The driven axle or shaft also acts as 
the load-supporting rwmber. In order to fulfil both roles, this type of 
beam axle is typically a hollow steel shaft of diameter substantially 
greater than that of a non-load supporting drive shaft. The axle suppart 
bearings should be positioned as close to the wheels as possible in order 
to minimize the bending stresses imposed on the beam axle by the chassis 
(see Figure 4.7). Tb a mate any misalignment or deflections of the 
driven beam axle, it is desirable that it rotates in self-aligning 
bearings, Whichcanberounted inplumwrblocks.Thesebearingsare also 
better at resisting the axial loads experienced by the axle Aen the 
vehicle negotiates a comer than ordinary deep-groove bearings. The 
plurtrner block% can be mounted directly to the chassis, perhaps through 
rubber blocks, but suspension is like9 tobe reguiredandaleafspring 
system as described above can be used . If a chainaiven beam axle is 
sprungmounted, the suspension systemshouldlimitthedegreeofpenniss- 
ible twist of the axle relative to the drive chain to prevent too much 
angular misaligrxwnt of the chain. The rnaximun angle of twist should not 
be m3re than a few degrees. 

To overcuns the problems of chain misalignment using a beam axle, 
an effective but qlex alternative is to use independent suspension for 
chain-driven *eels. This is discussed subsequently. 

Front sllspensiar The cu@icating factor with frcmt suspension is that 
the suspendedwheelorwheelsmustalso steer. For a four-Gheeledvehicle 
the front wheel hubs, inclwling the steering pivots, may be -ted on 
a dead-beam axle suspended by leaf springs, as described above, or 
suspended independently, which is discussed subsequently. Here we 
concentrate on suitable front suspension systems for a rear-wheel-driven 
three-wheeled vehicle. 

In general, all frant fork designs now used fall into one of three 
groups - Figure A3.11 illustrates each of these: a) telescopic: b) 
1eadinglink;andc) trailinglink- thepathoftheaxlebeing indicated 
bytheheavylines andarrws. Themostccaznon formofsinglefrontwheel 

The details of fitting a leaf spring suspension to a chain-driven 
L axle are discussed in more detail in Chapter 4 (Section 4.2.5). 
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suspension, employed on most tier cycles, is the telescopic fork. When 
fitted to a three-wheeled vehicle, a telesaqic fork asser&ly fran a 
motor cycle may not be stiff enough to accept the additional weight, 
especially when braking. IWwever, it is usually possible to increase the 
spring stiffness of the forks by the addition of spacers to the springs. 
The forks should never be over-filled with darqing fluid in an effwt to 
mifytheirperformance- this will only result in bursting the seals. 

Leading link forks are fitted as standard equiptlMt to sane small 
motor cycles. Forks based on this design can be locally produced to 
create a heavyauty front fork using motor cycle rear spring/d- units 
as sprung rnerrbers (Figure A3.12). 

AnWberof carmercially produced scooters and small-wheeled three- 
wheelers feature a trailing link arrangement for the front suspension 
(Figure A3.13). The type of wheels and hubs used by these vehicles 
usually need supporting fran one side only. 

The action of the fork under heavy frcnt braking is rruost important. 
Adverse disturbances can be set up, partly by the transference of weight 
to the front end Which then occurs, and pzrtly by local forces and 
deflections within the B-k mechanism. If the line of action of the axle 
is rearwardly inclined, as with telescopic forks, the springs will CYXR- 
press considerably, and the vehicle will 'throw back' Miately it 
comes to rest. The reaction of leading and trailing iink forks under 
braking is mre complex. 

Independent 0 The frontsuspensionmethods described above are 
all forms of independent suspension. Hcrwever, here we are specifically 
concemedwiththe independentsuspensionofeachofapairofwheels.CZ1 
low-cost vehicles independent suspension is most likely to be used an: 

- the wheels of a motor cycle trailer; 
- the wheel of a motor cycle sidecar; 
- the driven rear wheels of a three-wheeler with chain drive; 
- the rearwheels ofa frontGheel-drivethree-&eeler. 

Two forms of independent suspension are relevant, trail- arm and 
swinging ann. 

1. Trailing arm 

In trailing arm suspension the wheel is mounted at me end of a 
member which is attached to the vehicle chassis by means of a pivot 
in front of the wheel. The m vemnt of the trailing arm is con- 
trolled by means of a spring, or a spring and daqer, attached to 
the arm and to the chassis. This form of suspension is used at the 
rear of Rest swtor cycles, en@oying a mined coil spring/aamper 
unit. Coil spring/damper units fran a m3tor cycle can be used to 
controltherrpv~toftrailing arms onotherlow-u~tvehiclesbut 
oansideration should be give to their load-carrying capacities ~&en 
mounting these units. Figure A3.14(a) relates to a sin@ifiti 
equation giving the cuqressive load on a spring/damper unit 
relative to its position and angle of munting on a trailing arm, 
theequationbeing: 

PLfl =QL2 sine 

where P = theloadactingontheaxle 
Q =the forceactingonthedamper. 
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Fig. A3.12 Leading link front fork suspension using motor cycle coil 
spring/damper units 

Fig. A3.13 Trailing link front fork suspension 



Q 

/ . 

Fig. IO.14 (a) Trailing arm suspension I Q I 

Fig. A3.14 (b) Swinging arm suspension 
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This equation assLPnes that the load P acts at 90 degrees to the 
trailing arm. Note that the angle 0 will decrease as the trailing 
arm moves upwards. 

Motor cycle damper units alrrost always feature flexible rubber 
bushes at either end for acozmr&A sting the frame-m3 unting lugs. 
These bushes have an important influence on the performance of the 
unit in that they permit a mnall degree of misalignment and reduce 
the transrni ssion of high-frequency vibrations. They should not be 
replaced with bushes made fran other material. 

An effective, but ccmplex, method of overcoming the problems 
of chain drive with a sprung beam axle is to munt the two driven 
wheels independently on trailing arms. This configuration has been 
exploited with success in India on the small Bajaj three-wheeled 
vehicle (see Figure A3.15 and Chapter 8). Each rear wheel is 
supported by a trailing arm. The drive chains run from sprockets on 
an intermediate shaft mounted parallel to the pivoting axis of the 
trailing arms and the chains lie parallel to the trailing arms with 
the driven sprockets affixed to the rear wheels. The J3ajaj vehicle's 
trailing anns are made of cast alwninium and act as housings for the 
drive chains. Because both rear wheels are driven, a differential 
unit is incorporated on the intermediate shaft. The trailing arms 
are triangulated at the pivoting axis for lateral stability. If a 
suitable differential unit can be obtained, it is feasible to con- 
struct a similar rear suspension configuration using resources 
available locally. 

2. f3vingillg arm 

In swinging arm suspension the wheel is nounted at the end of a 
member which is positioned laterally under the vehicle chassis and 
attached to it by means of a pivot (Figure A3.14(b)). The movement 
of the swinging arm is controlled by means of a coil or leaf spring 
and a damper, attach&i to the arm and to the chassis. The same 
equation used for calculating the cunpressive load on a spring/ 
damper unit for a trailing arm can also be applied to a swinging 
arm. EWingins arm suspension can be used on both driven and 
non-driven wheels. If a coil spring is used, as shown in Figure 
A3.14(b), an additional pivoted member is required to control the 
fore and aftmovementof the swinging arm. 

m load m An alternative method to suspension for reducing 
the severity of shocks transmi tted to the load-carrying structure of the 
vehicle is to springmunt the load container itself (Figure 4.4). 

The advantage:; of this technique wed to a sprung chassis are 
simplicity and low cost. aso, the final drive mechanism beozmes less 
constrained because it R-T? not allow for significant movement of the 
driven wheels. 

The disadvantages of relying solely on a sprung load container to 
absorb shocks are that the oscillations of the load container are likely 
to be substantially increased to achieve the same degree of shock isola- 
tion as a sprung chassis. This motion may prove unpleasant for occupants 
of the vehicle, and if damping is inadequate may adversely affect the 
vehicle's stability. The vehicle chassis will not be as isolated from 
shock loading and will therefore be subjected to greater stresses. The 
stability of the vehicle, when traversing blYnps and pot holes, will be 
reduced. 
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Front wheel 

Drive chain 

\ 
\ 
Rear wheel 

--- 

Fig. A3.15 Schematic view of Bajaj three-wheeled vehicle transmission 
system 
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The extent to which a load container is sprung munted can vary 
widely. Snall rubber spacers interposed between the load container and 
chassis give sane reducticn of high-frequenq vibrations but will not 
much reduce large jolts. Rubber spacers can be made fran old tyres and 
their attachment can improve the service life of load containers, par- 
ticularly on lightweight types such as are mounted on motor cycle 
trailers. large, soft rubber blocks and coil springs can both be used for 
the spring n~unting of load containers. mver, lateral sway of the load 
container may need to be controlled by the in-ration of sid-unted 
linkages connecting it to the chassis. 
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ANNEX4 

VEHIcLEsTmILITYAND OoNTwllL 

The overall dimensions of a vehicle are influenced by its configuration, 
and the weight and volume of the payload it is expected to carry. All 
other things being equal, the larger the weight or volume of the paylad 
to be carried, the greater will be the overall dimensions of the 
vehicle. Wo of these have a particular effect on its stability and 
control: 

1. The dxdbase of a vehicle is the distance between the centres 
of the front and rear wheels. A vehicle with a long wheelbase is 
generally mOre stable at speed but less rn%oeuvrable than a short- 
wheelbase vehicle. 

2. The track is the distance between a pair of wheels on the same 
axis (e.g. the distance between the two rear wheels). If the height 
of the centre of gravity remains constant , an increase in track will 
give more stability to !he vehicle when cornering. Ttoo wide a 
vehicle will be less able to negotiate narrow routes and traffic- 
ccngested roads, however. 

2. cBzntx@ofmti* 

For maximum stability, the centre of gravity of a vehicle should be as 
low as possible. The main limitation on achieving a low centre of gravity 
is the need to maintain adequate clearance between the underside of the 
vehicle and the ground. This ground clearance may need to be considerable 
if the surface is very uneven. The pcF:itioning of the centre of gravity 
along the length of the vehicle also has an influence on stability. For 
d four-wheeled vehicle of conventional configuration, the centre of 
gravity should act rrid-way between the front and rear wheels for maximm 
stability. For a three-wheeled vehicle the centre of gravity should be 
biased tmrds the axis with two wheels for maximm lateral stability. 
Hal?ver , if the centre or' gravity is tco close to the r~*iir of whee4s, 
longitudinal stability wil' -'c impaired. 

Apart fran stabili ' -here are two other# r&ten conflicting, 
consideratia75 in deten.~,ing the optimum p3sition of the centre of 
gravity - traition and steering. The centie of g;c~vity shouid be located 
so that there is a high enough proportion of height acting on the driving 
wheels to prevent loss of traction on slippery t=.Jrfaces and enough force 
on the steering wheel(s) to prevent tyre slippa.ge ,.+&en cornering. This 
1s partlculalrly important on front-wheel-drive ,ehicle~ where it is 
normal to bias the centre of gravity tcwards the front of the vehicle 
since, when travelling uphill, weight is transferred fraPn the front 
wheels to the rear. 

The relationship between the positian of the centre of gravity of 
a t--wheeled trailer and the stability and traction of the qlete 
vehicle is very complex. tiver, a simple rule to fol!o~ is that the 
centre of gravity of the loaded trailer should be slighCi* forward of the 
axis of the trailer wheels. 
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The factors affecting the steering response of a wheeled vehicle are 
numerous. They include, in addition to the location of the centre of 
gravity, the following: the steering geunetry; the size, type and 
inflation of the tyres; the suspension g-try; the spring rates and 
d-r capacities; the munts of tractive or braking torque applied to 
the wheels: and the nrnents of inertia about the three axes of the 
vehicle. The nranner in which all these variables interact to affect the 
behaviour of a vehicle is very ozxnplex but certain trends in the effect 
of individual variables can be discussed. 

One of the nest important factors when considering steering geanetry 
is trail. Figure A4.1 shows the g-try of a steered front wheel. The 
trail of the wheel, as sti in the diagram, is the theoretical distance 
between the tyre contact point and the intersection of the steering head 
axis at ground level, the tyre contact point being situated behind the 
steering head axis. Trail is important for stability since it gives the 
wheel a tendency to self-steer in a straight line whilst roving forward. 
The amount of trail affects the force required to steer the vehicle. If 
its value is ~~11, the steering will feel very light and unstable and 
be badly affected by going over uneven ground at high s-peed. If the trail 
is large, the vehicle will require more effort to steer around oomers 
but will remain stable at speed. The amount of trail is influenced by the 
castor angle which is the angle the steering colwol axis makes with the 
ground. For a given arrount of trail there is an optimum castor angle 
which will result in the rrPst desirable characteristics for a particular 
vehicle. Other factors affecting the amount of trail are the wheel 
diameter, the tyre section and inflation pressure. 

Two-wheeled vehicles generally require more trail than three or 
four-wheeled vehicles because they are inherently less stable. Motor 
cycles typically have a castor angle of around 63O and trail in the 
region of 7Orm. These values are unlikely to be ideal for a three-wheeled 
vehicle. Due to the large arrount of trail, such a vehicle would then 
exhibit a strong tendency to run in a straight line, requiring constant 
resistance by the driver when steering. This characteristic is particu- 
larly undesirable if the overall geometry of the vehicle is slightly 
wrong since this will. result in the vehicle forcibly veering to one 
side. Likewise the castor angle of a motor cycle is not ideal for a 
t.!;ree-wheeler, because as the wheel is turned, the frcnt of the frame 
drops in height and considerable effort is required to re-centralize the 
wheel. The castor angle 0T a three-wheeler is therefore usually greater 
than that of a &o-wheeled vehicle. 

Values of actual +Jail and castor angles, as used on commercially 
produced vehicles, vary depending on the type of vehicle and its required 
conditions of use. Three-wheeled vehicles designed to operate at law 
speeds on good surfaces with a high degree of moeuvrability use castor 
angles approaching 90°, i.e. near vertical steering head, with a very 
-11 anaunt of trail. Other three-wheeled vehicles, designed for use p 
poor surfaces and at higher speeds, feature castor angles of around 75 . 
with 25mn-35nrn trail. 

The type and condition of the tyres fitted to a vehicle have a n%ajor 
influence on its steering characteristics. Worn tyres will reduce the 
vehicle‘s cornering ability, especially in wet conditions. Tyre pressures 
also have a significant influenze on camering ability. The pressures 
should be increased if the vehicle is heavily laden. Experimentation with 
different pressures will help determine the optimu~n for a given vehicle. 
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Fig. A4.1 Geometry of steered front wheel 
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ANNEX5 

wHEELs,TYREsANDI-loEs 

1. bhels 

The stresses and vibrations imposed on the wheels of a motor vehicle 
usually require them to be made of steel, although other alloyed metals 
are also sanetimes used. The diameter of a wheel has a direct influence 
on its performance. Generally, smaller diameter wheels are stronger and 
are especially gocd at resisting side loads. Larger diameter wheels give 
a smoother ride and lower rolling resistance, which is especially import- 
ant when going over uneven or rough ground. Larger diameter wheels also 
allcw a higher ground clearance tich is important for vehicles expected 
to operate over rough surfaces. 

The use of suitable wheels is critical to the success of lw-oost 
rrotorized vehicles. They must be of adequate strength for the applica- 
tion, and accept a pnemtic tyre of appropriate size. Other design con- 
siderations are: 

(i) whether the wheel is to be driven, or freewheeling; 

(ii) whether the wheel is to be supported on one side only (e.g. on 
a stub axle) or on both sides (as in the front fork of a n-a&or 
cycle). 

The tMnufacture of conventional steel motor vehicle wheels involves 
the use of expensive, precision machinery, and the investment is not 
worthtile unless large-scale production of lo++cost vehicles is envis- 
aged. Bowever, it is possible to use mrcially available wheels on 
low-cost vehicles, or r-e-furbished wheels from scrap motor vehicles. 
Commercially available wheels suitable for low-cost motorized vehicles 
can be categorised into several different groups: 

Motor cycle wheels Motor cycle wheels have steel rims linked to the hub 
with tensioned spokes. They are designed to rotate on a short, dead axle 
which is supported at both ends by a frame hr. The standard hub is 
not designed to be suppoirted on one side by a beam or stub axle. The 
bearings are too small for this type of nr>unting and therefore the stub 
axle would not be of sufficient diameter to withstand the stresses in-~- 
posed by a load-carrying vehicle. Though fairly robust, motor cycle 
wheels are relatively poor at resisting side loads and therefore may not 
be suitable for a very heavily laden vehicle. It is important to under- 
stand that the side loads imposed on the wheels of a three- or four- 
wheeled vehicle are much higher than those on a two-wheeled vehicle. CN 
the latter, side loads are minimized because the vehicle banks when 
cornering. The tyres and inner tubes for a motor cycle wheel are usually 
cheaper than those of other wheels 5or motorized vehicles. 

In many developing country situations, vehicles using m&or cycle 
wheels are fitted with thick section steel spokes. These make the wheels 
stronger. The spokes can either be of tensioned steel :cds or of steel 
sections such as angle, flat bar or tube which are welded to the rim and 
fitted with a locally produced steel hub. Motor cycle wheel rims are 
sunetimes reinforced by wlding steel rods around their circumference. 
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Several types of low-cost motor vehicle are b3sed on motor cycle 
technolcgy and there are therefore advantages in using mator cycle wheels 
and tyres. In certain applications the major disadvantage cf the motor 
cycle wh::eJ is the difficulty of supporting it frcm one side only. This 
complicatrls the munting of the rear wheels of a vehicle or the wheels 
cf a tr;i!~ar, makng the use of a beam axle arrangement impractical. To 
facilitate thi:. type of mounting the standard mator cycle hub can be 
mcdified. '31c standardbearings canbe removed franthehub and one end 
of a beam or stub axle machined to be a tight fit in the bore of the hub, 
secured with a key-way and locknut arrangement. This system arks only 
with a live axle. For the hub to be free spinning on a dead axle, hub- 
mounted bearings are required. It is sanetimes pssible to substitute 
bearings with a larger-than-standard internal diameter which will am 
m&ate a bigger diameter axle. Unless the external dimensions of the sub- 
stitute bearings are the same, scme mchining of the hub will be required 
to fit them. 

It is also possible to produce locally a wheel of similar overall 
dimensions to a motor cycle wheel, and able to accept a motor cycle 
pneumatic tyre, but with a different type of hub to suit the method of 
wheel mounting and/or with greater radial and lateral strength. Figure 
A5.1 shaws one example from the Philippines which has a pressed steel 
centre section welded to a standard motor cycle wheel rim, fitted with 
a specially made hub which fits on to a dead beam or stub axle. Another 
method used in the Philippines is to cast in alcaninium a cunplete wheel, 
incorporating the outer casing of the hub and a rim section which accepts 
a standard motor cycle pneumatic tyre. 

scooter Eiheels Scooters, like motor cycles, are powered tw3-wheeled 
vehicles but their wheels differ in a nut&r of respects. The scooter 
wheel is of significantly smaller diameter than a motor cycle wheel and 
is wider. The wheel is usually constructed fran pressed steel with the 
rim made in two pieces bolted together. This simplifies the removal and 
fitting of tyres. Scooter wheels are often mounted on a stub axle which 
means that, unlike motor cycle wheels, they are supported fran only one 
side. The smell diameter of a scOOter wheel gives it considerable 
strength but relatively poor performance on certain types of uneven 
terrain, which makes the use of an effective suspension system particu- 
larly important. Vehicles using scooter wheels tend to have a low ground 
clearance which may preclude their use on deeply rutted routes. Wheels 
and hubs based on the sozoter design are successfully used on a nurrber 
of o2m3ercially produced three-wheeled vehicles. 

Motor car hiheels With few exceptions, standard motor car wheels are 
fabricated fro-n pressed and welded steel discs. They are of airtight 
construction and can therefore accarrmodate tubeless tyres. These wheels 
are very robust and, when used in conjunction with hub assemblies from 
motor cars, are easily adapted to certain types of low-cost motorised 
vehicle with a relatively large load capacity. 

Truck wheels These are similar to car wheels except that they are 
usually much larger and can withstand substantially higher loads. They 
are generally too large for the vehicles featured in this publication, 
although they may be suitable for larger versir,ls of the four-wheeled 
vehicle described in Chapter 5. 
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Fig. A5.1 Motor cycle based four-wheeled conversion with fabricated 
steel rear wheels 

Fig. AS.2 Cross-section of typical wheel/hub assembly 



PneuIMtic tyres reduce the jarring impact of shockq to the vehicle 
arising fran the road surface. Pnelrmatic tyres givn .I high degree of 
traction on a wide variety of different terrain and '.:..s contributes to 
good vehicle stability. Pneumatic tyres are also very durable and give 
good wear characteristics. One disadvantage of pnewratic tyres is that 
they are prone to puncture. However, a variety of methods are naw avail- 
able to reduce the occurrence of punctures . In nest circumstances it is 
necessary to use pneumatic, rather than solid rubber, tyres on lcw-cost 
motorised vehicles in order to ensure adequate performnce and safety. 
The design of the wheels is therefore influenced by the tyre sizes that 
are readily available. 

The use of worn tyres is not advisable since it increases the like- 
lihood of sustaining a puncture and can also greatly reduce the control 
and stability of the vehic.le, especially in wet ccnditions. It also in- 
creases the chances of the tyre bursting which, if it occurs at speed, 
is very dangerous. Many developing countries have facilities for re- 
treading mm tyres.. - a process kn~ as e. This is EXIWOIJ 
practice for tyres used on conventional motor vehicles, but it is also 
feasible to m-cap worn notor vehicle tyres specifically for use on low- 
cost motorized vehicles. Coarse patterned tread can be moulded on to the 
tyres to improve traction in deep mud, for exwle. mtor cycle and 
scooter tyres are designed to give grip at large angles of lean and are 
therefore of rounded section. It is feasible to re-cap these tyres with 
a squarer section tread to maximize the tyre contact area with the road 
when used on a three-wheeled vehicle or trailer. 

The inflation pressure of pneumatic tyres has a strong influence on 
vehicle perforce. Scme experimentation my be required to determine 
the optimum pressures for a particular vehicle. Generally, t,ve pressures 
should be increased Ghen a vehicle is heavily laden. Reducing the tyre 
pressure will improve the traction on slippery surfaces and reduce the 
rolling resistance on soft terrain by helping to spread the load ovei a 
wider tyre -tact area. HaJever, under-inflation of the tyres, as well 
is adversely affecting vehicle stability, will result in increased 'hfca~ 
and degradation of the tyre structure due to excessive flexing of the 
side walls. 

Hubs are use3 on all lo.+cost motor 
for each wheel on its axle, and to 

vehxles to prov!.de a secure mounting 
allow the wheel to rotate freely. The 

techniques for hxv-cwt vehicles. (IL3ndon, Intermediate Technology 
Publications Ltd, 1987. 
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Small txactmr &eels Single-axle tractors (-r-tillers) are available 
in many developing courltries. Their wheels are usually made fran pressed 
steel and are similar in size to motor car wheels. They are designed to 
be fitted with special tractor tyres featuring a marse tread pattern 
which is ideal for very muddy auditions but, if used for the front 
wheels of a vehicle, results in poor steering characteristics on metalled 
roads. 

1 See, for example: -Michael Ayre and Alan Snith: Rmcture m 



hub x~y be an integral part of the wheel (e.g. on a motor cycle), or a 
separate assmly to which the wheel is bolted (e.g. on a motor car). CXI 
a very simple vehicle, such as a trailer, the hub asserrbly nuy be the 
nnst complex part of the device. Motorized vehicles require hubs that are 
each fitted with a pair of tapered roller or angular contact bearings 
which allow the wheel to rotate freely and to support the radial and side 
loads imposed on the wheel. Figure A5.2 shows a typical arrangement of 
a hub and Mheel asse&ly, incorporating tapered roller bearings, designed 
for low-spe:: L vehicles. 

It is possible to produce hub ass&lies locally, as long as suit- 
abJ.s '-rings can be obtained, using standard nachiniilg, foundry, arid 
fabr.icatian methods. 

Hub assenblies, and caqlete axle/hub ass&.)lies,. are available fran 
a nur&er of ccntnercial manufacturers for lo~f-sLp&i vehicles - typically 
L;;_th a maximum design speed of 25-3Okm/h. Sane of these manufacturers and 
details of their product ranges are listed in Chapter 9. Figure A5.3 
sho& ex.loded diagrams of ~!KI axle and hub sets offered by a manu- 
facturer - the sec.z.d set shawn is equipped with brakes. 

It. is also possible to use hubs taken fran scrap motor cars and 
trucks on low-cost motorized vehicles. These hubs are precision made, 
aJ ‘LOWi~lCj the bea.rk?gS t0 b!! Badly replaced if regInBd, and Often ‘haVe 

integral drum brake .%ssembli.es which can be adapted for use: 

1. A non-driven rear beam axle using motor car wheels can be a 
complete motor car rear axle assembly, which has integral hubs. 
Alternatively, it can be a fabricated axle using a length of steel 
hollcrw section with the stub axles fran motor car hubs electrically 
welded on either end (Figure A5.4). A jig is required to align the 
hubs perpendicular to the axle. Such a device is shawn in use in 
Figure A5.5. The guality of the weld securing the hub to the axle 
is critical. A Frful welding set is required and if the hub 
design necessitates welding the steel axle to cast iron portions of 
the hub, special welding rods that can weld either steel or cast 
iron should lip used. The &eeJ. bearings and grease seals within the 
hub are best rmvcd during welding to prevent heat damage. This 
technique of constrticting beam axles is cnly suitable for low-speed 
veIicles. 

2. For a driven rear beam axle, either a complete motor car rear 
axle assenbly, which has integral hubs, or a fabricated live an?e 
can be used. 

The hub supporting a non-driven front wheel of a lccost vehicle 
can also bs adapted fran a motor car hub. mver, sane three-wheeled 
vehicles use a similar hub system to that of a motor cycle using forks 
which support the hub fran both sides. This type of configuration places 
less strain on the steering head but does require a fabricated axle and 
hub assembly. 

A driven singlo wheel, such as is used on a front-wheel-drive, 
three- wheeled vehicle, requires a hub assembly which can accept the high 
loads imposed by the final drive chain. The final drive sprocket can be 
attached directly to the wheel which then rotates on a dead axle, or it 
can be mounted on to a short live axle (see Figures 4.15 and 4.16 in the 
main text). 
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Fig. A5.4 Front wheel hub welded on to fabricated beam axle 

Fig. A5.5 Hub aligning jig for fabrication of axle 



ANNEX6 

BRAKING- 

1. 

Brakes are used to sly dawn or stop a vehicle, usually by checking the 
rotation of sane or all of the wheels. Most types of brake depend on 
friction for their operatian. These brakes translate the energy of mation 
into;leatenergy. Frictionbrakes can therefore generate veryhightemp 
eratures and this can adversely affect their opzatia, for example when 
controlling a vehicle's descent of a steep hill with a full load. It is 
therefore important to ensure, in the overall design of a vehicle, that 
an adequate flm of rooling air reaches the brakes &en the vehicle is 
inmotion. 

Brakes normally employ a hard metallic surface, such as cast iran, 
for one surface. The other cantacting surface is a replaceable lining or 
facing m;lde OP softer FateTrial with a high efficient of friction. 
Asbestos is recugn.L 7-d ds the rmst suitable friction material for mt 
conmercial3.y built bj-;ike aTstems, the fibres being rmulded or mven 
de:lsely in a resin matrix, satleCimes with inclusions of copper, zinc or 
aluminir;m to improve high-t-rature stability. The dust fran asbestos 
brake iinings is injurious to health if inhaled, 

There are fbur types of friction brake suitable for use on a 
l<xcr-cost rr0torized vehicle: 

- drun brake; 
- disc brake; 
- band bLake; 
- blockbrake. 

Un.ti.1 recent years, nest cunnercially produced nator vehicles and 
motor cycles used drum brakes. mver, in recent years disc brakes have 
come into widespread use on the front wheels of saloan cars and light 
commercial vehicles. Disc brakes are IKW also used on some rrrrtor cycles, 
usually the mre expensive, higher-w &els. A m or disc brake 
is usually integral with the wfieel hub. 

Brakes are operated by a @draulic or e& system. Hydraulic- 
ally operated brakes are used on atit all motor cars and conventional 
comflercial vehicles. he brakes on all of the wheels are actuated by a 
single foot pedal. The nuanufacture of hydraulic systems requires great 
precisicm, and production equipnent that is not likely to be available 
in nsost developing country mrkshops. mver, many wkshops have the 
capacity to repair and lrairrtain rrutor car hydraulic brake asserr&lies. 

For low-speed or lightweight rrotor vehicles a n~&~~Lcal system, 
where the brakes are operated ulrough rods or tension cables, is usually 
adequate - this rains the mt ccmrcnoperating system for-or cycle 
brakes. Mechanical systems beoane very cunplex if all three or four wheel 
brakes on a vehicle are actuated by a single control. It is m3re ~~~VIXI 
to have separate controls (either a hand lever or a foot pedal) for the 
frcntand rearwheelbrakes. 

Figure A6.1 shows scherrratically the layout of a typical modem r&or 
car braking system. The system is hydraulically operated, with disc 
brakes on the front wheels anddru~~brakes on the rear. 
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Iron1 brakes r..r brska 

Fig. A6.1 Schematic layout of typical motor car hydraulic braking system 

Fig. A6.2 
Drum brake with 
single hydraulic 
wheel cylinder 

Fig. A6.3 
Drum brake with 
tm hydraulic 
wheel cylinders 
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2. munllxake 

Drum brakes, -times called internal brakes, operate by the brake shoes 
being brought into contact with the inside of a cylindrical brake drum 
by means of an e-ding mechanism. The expanding mechanism consists of 
either: 

W one or tm hydraulic cylinders (Fi.gures A6.2 and A6.3), the 
system used on most motor car drum bl-akes; or 

(ii) a cable- or roddperated cam (FigtIre A6.4 and see also Figure 
A5.3), the system used on trailers and snrall motor cycle drum 
brakes. 

The rear wheel drum brakes of a motor car usually feature a cable- 
operated mechanism, in addition to the r&n hydraulic system, wfiich 
operates the parking brake (see below). 

The construction of efficient drum brake ass&lies is likely to be 
beyond the capacity of a small-scale mlcfacturer. HOwever, if motor car 
hubs are available with canplete brake asstilies then these can be 
adapted for use on a Im-cost vehicle. Brake shoes can usually be re- 
lined with asbestos material and other drum brake ccmponents can often 
be refurbished. 

3. Lbc brake 

Brakes using a flat disc as the friction surface are culled disc brakes. 
When the brake is actuated, the faces of the disc are clamp& between 
fairly small pads of friction material carried by a robust caliper. Disc 
brakes are aln-ost always hydraulically operated. 

The production of disc brakes is quite qlicated and the rrmt 
likely way of using them on lca+cost vehicles is to adapt assemblies 
removed frm scrap n&or cars. Hclwever, it will usually be mre 
convenient to use drum rather than disc brakes. 

4. Bard Brake 

A simple b3nd brake is shm in Figure A6.5 in tiich the band is tight- 
ened aromd the rotating drum by means cf the force on the operating 
lever. The direction of rotation shown will give a higher braking 
efficiency than if reversed. 

The band may be made of leather, canvas impregnated with rubber, or 
of flexible steel lined with friction material. The drun is often mde 
of cast iron, although alumini umorhard~~~I canbeused foralow-cost, 
lca+speed vehicle. 

A band brake can be attached directly to the side of a wheel or 
munted on a driven axle. The brake is best positioned close to a bearing 
because the actuating force will tend to bend the axle. Mechanical cable 
or rod linkages can be used to onerate the brake. 

Band brakes are simple aM CYUI easily be fabricated by a workshop 
equipped with a lathe machine. They arch not as efficient as either drum 
or disc brakes, but can give gzcd ,performance on lo+clost vehicles pro. 
viding they are w&.1 matened to t3,e vehicle requirements. In general, for 
best results the width of the band should be made approximately cme- 
seventh of the brake drum dism',er. 
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Fig. A6.4 Cperation of mechanical cam actuated drum brake 

Braking force 

Fig. A6.5 Band brake 
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5. modtbrake 

The simplest form of brake is the block brake. An example of a block 
brake is shm in Figure 6.1 of the main text. A block is forced against 
a wheel by means of a lever. The wear usually takes place mainly on the 
block or the lining attached to the block. As wear occurs, the block or 
lining will retain the cylindrical shape of the wheel. 

In Figure A6.6, if the braked wheel is rotating clockwise then the 
force (,F) required to operate the brake will be reduced as the distance 
(a) is increased. This brake is called self energizing. This may be axl- 
sidered an advantage, but if distance (a) is too great the brake may grab 
and result in uncontrolled braking. If the pivot point is located at 0 
in Figu.rc A6.6, the self-energizing feature will be present for anti- 
clockwise rotation. 

A block brake can be attached directly to the side of a wheel or 
mounted on a driven axle. The brake is best positioned close to a bearing 
because the actuating force will tend to bend the axle. Mechanical cable 
(Jr rod linkages can be used to operate the brake. 

A crude form of block brake, but one which is very cheap to prcduce 
and easy to maintain, is A device that forces a block on to the tread of 
the tyre. The block itself is often faced with rubber material cut from 
a scrap tyre. This type of brake is only suitable for low-speed use. Its 
performance is adversely affected by the presence of water or mud on the 
tyre tread and it has the disadvantage of tending to wear out the tyres. 

6. Eedtirrghmke 

A requirement of all load-carrying vehicles is scme provision for re- 
straining the vehicle Ghile it is parked. This is especially inqortant 
if the vehicle is parked on a gradient. It is usually accomplished by 
locking one or more of the wheels using a brake. Such a device is called 
a haradbrake when featured on rcotor cars, and is then either a cable- or 
rod-operated system tich actuates brake shoes at the rear wheels. The 
hand-operated lever pivots on a ratchet mechanism which maintains the 
applied tension on the actuating cable. A vehicle which uses adapt&( 
motor car rear wheel hubs and brakes will obviously benefit fran the 
fitting of the original handbrake assernbly. 

Both band and block brakes can be used as parking brakes by 
including a simple mechanism for maintaining the brake actuating force. 

On most vehicles, brakes are fitted to all wheels and so provision must 
be made to equalize the braking Lrce bet-n the wheels to avoid 
skidding. In a hydraulic system, this is autanatic. Motor cycles usually 
have separate braking systems for frcnt and rear &eels and, unless a 
hydraulic system is used to link all the brakes, this is also msst 
appropriate for other law-cost vehicles. A vehicle with tm rear wheels 
and cable- or rod-operated brakes needs a linkage to balance the 
actuating force equally between the tm rear wheels. This can be dcne 
(Figure A6.7) with a simple beam which is connected at each end to the 
brakes and tiich has the braking fbrce applied at its centre by the hand 
lever or foot pedal. 
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Fig. A6.6 Block brake 

Fig. A6.7 Brake balancx3 


