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INTRODUCTION

Agriculture is the main occupation in most developing
countries, yet many of then find it difficult to grow
sufficient food for their population. An inorease in food
production is achieved by the combined effect of inoreased
power input, improved sceds ond the modified production
technology in egriculture. The entire farm ogperation cen
be completed efficiently in time, only if sufficient power
is availeble in all farms, And thus the farm power is the
prerequisite for all agricultural developaents in any country.

1.1, FParm Power Status in India

The total geographical area of India is 328.78 million
hectares and out of this only 161,10 million hectares were
under cultivation in 1980, The Netional Commission on
Agriculture (1976) assessed the power available in Indian
farms as 0.30 hp per ha ag evident from the Table 1. Fig. 1
shows the percentage distribution of the various sources of

farm power in India.
1e2. Hinimum Power Regulrements and Availability

" With the introduction of high yielding varieties and
new irrigation practices the cropping pattern has conside~-
rably changed, resulting in a tremendous increase in the
demand for power input, According %o Giles (1967) a miniuum




Table 1. Power availability for Indien agriculture

Sl. Source Quantity Total hp
No. . (million Hos.) available
(million)
| Humen labours 81.40 58
2 Draught animals 63.30 253
3. . Hechanical end alectricel:
i) Tractors and power
tillers 0.09 1.9
ii) Diesel engines and
electric motors 241 15.7
iii) Power sprayers and :
" dusters 0.24 G.5
iv) Eleoirically operated 0.10 0.6
sugarcane crushers * * ,
Totol 147.54 49.8
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power input of 0.50 hp per ha is necossary to achieve

sustained agricultural growth in developing couniries.

A study conducted by the Food end Agriculture Orga-
nization (1969) also revealed that the power input in the
developing countries might be increased atleast to 0.50 hp

per ha,

The total power availability in tihe developing
countries is in the range of 0,70-0,.30 hp per ha as com=-
pered to the 1.40 hp per ha in the USA and 4.70 hp per ha
in West Germany, according to the BExpert Consuliation on
the iiechanization of Rice Production (1974).

Ministry of Agriculture zmd Irrigation, Governmeni of
India (1977) stated that, with the huge population of human
labour and animal power, Indias suffered from power famine
and this affected agricultural production based on scienti-
fic farming, and it has recommended & doublefold growth of
the available 0.36 hp per ha, which agrees with ihe reco=-
nmendation of 0.80 hp per ha by the Hational Commission on
Agriculture (1976) for an efficient agriculture,

1.3, Case for liechanizatiion of Agriculture

llen by himself cap produce a little only, dbut with
- the help of machinery he can easlly produce nore and he can

get relleved of the heavy work. While increasing the output
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per ha and per man, it will render the large cattle popula-
tion as surplus, which otherwise will compete subsistence

from lend,

Nunn and Balis (1973) reported thal India has the
‘resources, menpower, facilities and desire to obtain a
mechenized agriculture. -Xhan (1973) observed in ?hilippéﬁﬁﬂ
that more mechanized farme heve an increased labour utiliza-
tion. In highly mechanized rice farms of Japan, labour .
utilization is as high as 1400 man=-hours per ha. Also
tractors are reported to be five times fast snd forty per
cent .cheaper than snimel power in Bangladesh (Hag, 1975)1

 Utilization of tractors in India conferred definite
benefits in teras of greater efficiency, econony, higher'
productivity snd additional employment upto 2644.5 manrhéure
per tractor, (ISAE, 1978). Tpaotors in all seleoied regiona
in India chowed positive results with'an increased averaée
yield‘and increased eﬁplqymenx due to timely and effective
farm operationa, (RNAM, 1980). It aléo increased the,en?rgy
input and net profit. It has been snalyesed that for ber%eem
cultivation the demaﬁd of tillege energy under tractor |
(210,76 hp hr per ha) was more than that of bulloock ferming
(142.45 hp hr per he). Irrigation consumed maximum energy

¥

(tractor farme = 1050 hp hr per ha and bullock farms = '

1065 hp hr per ha), followed by seed bed preparction, and



the net profit under traotor farming was Re.8348.50 per he
and under bullock farming Re.7875.60 per ha, (Ram et al.,
1980), It i in éonfirmation with the results obtained by
the National Counoil of Applied Eoonomic Research, which
found that tractor forms in Indiea have 20 per cent higher
yield and 5 per cent highor overall employment. 4And tractor
owners earn 4.5 times more profit than bullock farmer and
the holding size is clearly not relevant for establishing

a viebility for rumning a tractor, (Baig, 1980; ISAE, 1981).

Besides, the agrioultural mechines can be used where

it is very difficult to engage animals.

1.4, Case against Hechanization of Agriculture

Anoiher school of thought is that mechanization has
limited scope in India because of the small holdings, average
being less than 2.3 ha, scatiered in tiny plots. Also,
hgarwal (1979) observed that abundant enimal end humen power,
illiteracy and lock of itrained personmnel are the constraints
in mechanizing the Indien farms,

Knan and Duif (1972) waile explaining India as an
example, observed that nearly twenly yesrs of efforts to
Introduce western mechanization technology in Asia, the
ownersinip and the use of such eguipment remains heyond the

means of majority of farmers. The benefits scoruing from




modern mechanization teohnology are concenirated in a
subsector composed of & few, larger and prosperous farmers

end have not available to the mejority of emall farmers ;n

India.
1.5. Two Wheel Traotor

It is suggested that, for a country ;ika India, moét
suitable kind of machine would be a iwo wheel iraotor, wﬁioh
unlike a large tractor, woﬁld replace snimals but not people
and would be consistent with the country's objectives of
promoting economic development, employment end better in%ome
distrivution, (Hemid, 1973; Datt and Sundharam, 1976). Ine
two wheel. traotor stands between the animal traction and
four wheel traotor and so forms the first phase of

maechanization.

~ Although the power machinery are being produced in.
the country wiih foreign collaboration, these are found %o
be too mophistioated and costly for the average Indian
farmers, (Policarpio, 1973; Reddy, 1973).

Jdapan has been able 1o mechenize its agrioculiure
through a variety of small equipments designed and developed
to suit local reéourcae end economic condition without
replacing labour. On the same line of appropriate techn;-
logy, we have to provide sufficient mechanical power sou;oe

with less capital for agricultural mechinery production.’



The requirements of smell farmers and locel agriculturalf
machinery fabricators must be the important criteria in A
selecting a mechanization sirategy for.thia country.
Pellizzi apd Turrini (1973) suggested that indigenous manu-
facture of smell and low powersed equipment which will beﬁ
conpatible not only with the agricultural, sociai and !
econonical conditions but also with the manufaeturing
process, repalring faollity and materials that are available
in the region. Kherdekar (1973) reported that the Governaent
of Indis have guided to develop farm machinery and implenents
having durability and simplieity. It is very much etreaéed
that the immediate necessity of developing couniries is f
promoting the local memufaoture of agricultural machinen$
. and designing, developing and testing of simple power maghi-
nery based upon an intermediate technolozy, (Jinmsena, 1973;
UNIDO, 1974).
Samuel (1970) feli that intermediate technology coﬁld
be of amsistance and that & light weight, low cost garden
tractor if designed and developed could eerve as & link ' ’
between enimal power and the factory made power tiller and'
tractor. Reddy (1973) and the Ministry of Agriculture and
Inrigation, Government of India (1977) emphasized the need
to teke up design and development of a eimple, low cost and

light weight 5«7 hp two wheel garden tractors, to contin&e
|



in -the line of the Internationgl Rice Research Institute,
Philippines for the rapid acceptance by the Indien farmers.
It should bring better employment generation, high_foreign
exchange savigg, adhere to horizontal integration ueing
existing manufaciuring facilitios and development of small
gogle industries,

It was therefore decided to underiaske the development
of a garden tractor with the following objocctives.

1.6, ObJ ectives

a) To select suitable deeign criteria for development of a

low cost garden tractor.

b) To select a promising unit from the available engines
for using in the proposed garden tractor.

c) To adapt promising design concept for optimizing the

variouc components of the low cost garden tractor.

@) To caerry out sn adaptive design work and to fabricate
a proiotype unit with maximun use of standard off=-the-

ghelf componente to facilitate local manufacture,

e) To conduct the tests and its performence in the field
and road conditions to examine the design snag between
the performance and functional reguiremente for furtheyxy

modifications,
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REVIEW OF LITERATURE

A brief review of history, classification and work
done on design, development and testing of low cost

gerden tractores are presented in this chapter,
2.1, History ond Classification of Garden Tractors

The garden tractors with different basis of classi~
fications have a history of about sixty years old as seen

from the literature,
2.T«1, History

Teuchiya (1965) end Sakai (1968) reported that around
1923 Japan imported 'Utiliter' and 'Simer' type garden
tractors from Europe for reaaking to sult Japaness farming
gsysiems., According to Poliearpio (1973) and Mopalili (1974)
these two wheel traociors are called as walking or garden
tractors in the United States, motiooltisurs in Frauce,
rotovators in Ingland and power tillers in Japan,

2.1.2. Clapsification

- The garden tractors have been classified with respect
%o the power output and the type of general cousitruction,
such as (1) ligat duty single axle, 4=6 hp garden tractor
(ii) medium duty single axle garden iractors, upto 8 hp and



Type I Light duty single axle 4-6 hp,gaTé%ﬁ tractor
Type II Medium duty single axle gardefi tractor upto 8 hp
Type III Heavy duty double 3&19-8;14 hp garden tractor

Fig.2 CLASSIFICATION OF GARDEN TRACTORS
: (Policarpio, 1973%)




FPURUKAWA, SCREW TYPE

Fig.3 PRINCIPAL TYPES OF GARDEN TRACTORS
(Tsuchiya, 1965)
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(i111) heavy duiy double axle, 8-14 hp gerden tractore,

(Fig.2); esnd the mode of esoil cutting, euch as (1) orank,

(11) rotary end (iii) screv types, (ﬁig. 3). kemhmud (1974)

clepsified them into (1) large, drive type garden tractors,
(14) medjun dual purpose gerden tractors sud (iii) emsll

| traction itype garden tractors, (Fig. 4, Fig.5 and Fig.6).

2.2. Garden Trasotors in Indian Agriculture

Pield trials of Japanese power tillers or gerden
tractors were carried out in India at the Indian Agricultural
Research Institute, New Delhi during 1955 to 1966, with a
view of iniroducing i1t in India and found iis suitability
for Indian Agrioulture, The growth of demand for garden:
traotors has not been encouraging in India, since their
introduction, although the Plamming Commission agreed that
development of garden itractors will help in transforming
the rural economy, (ISAE, 1975). |

There are oix firms producing garden tractors of power
rangiﬁg from 5-12 hp in India, which were designed and
developed abroad to mest the specific requirements there’
{Table 2 znd Téble %)s They are not gaining popularity in
India, because their constructién is complex, weigat is
higher; cost is prohibitive, noi repairable locally and are
mase produced in factories. lence the Government of India
is congidering the question of meking two wheel traotors
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Iable 2. Detailr on the gerden tractors produced in India

Capacitly per annum Price as on

Sl. Name of the firm Make hp

Tio. Iicensed Insiallea -V 1-1982
1 i6/S. Indequip Fngg.Ltde . - e
Baroda, Ahuedabad ’ ISEKI SuT 10000 (revoked) Nehe
2 1i/S. J.K. Satoh Agrl. Machines . - 1
Ltd., Kampur SATOH 5«7 6000 5000 19,410
3 H/S. Kerala Agromzschinery Corpn. -
143., Ancoaalr, Aluaye KUBOTA g=12 12000 3000 29,000
4 H/S. Kriehi Engines Ltd., .
Hydorabad KRISHI 57 3000 3000 17,520
5 Y/S. Maharashtra Co-~op. Engge. : - o
Socioty td.s Kelhapus YANAAR 8=12 4000 (cancelled) N.A.
6 1/S. VST Tillers Tractors Litd., MITSUBISHI
Bangalore ?gﬁKIiI 8=10 5000 4000 22,000
NAT

a1

[T



Table 3. Production of indigenous gerden iractors

HITSUBIGHI

Sl. Make ISEKT SATOH KUBOTA HRISHI YANIAR Total
ik' . Year
1 1965-67 - - - - 906 - - 906
2 196769 - - - - - 357 - - 357
3 196971 - - 450 629 113 509 1701
4 1971-73 - - Y 254 262 1098 2025
5 1973-75 255 500 748 306 - 1762 3571
6  1975-77 249 453 1002 563 165 2015 4447
T 1977-79 100 230 | 1389 298 - 1814 %831
8  1979-81 - 128 - 553 212 - 1537 2430
Total 604 1311 4553 3525 540 8735 19268

LT
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availeble at reduced prices for the venefil of the small

farmers of the country.
2e%. Low cost Garden Tractors‘

Alihougn considerable work has been done abroad for
the development of a cheap and efficient garden tractor, the
work done in India for a purely indigenous version is

linited.

2.%.1, York done in Abroad

Design, developuent and menufescture of low cost
garden fractors were itaken up in Japan, Federal Republic
of Geramany, Britain, Philippines, Tailand, Korea and in
Sri Lanka with prime movers of output power ranging from
3.5 hp to 19,0 hp for perforaing all field operations without
depriving of labour, (Mukumoto, 1959; Kishida, 19693
Devakul, 1971; Khan, 1973; Hicholas, 1974; Dias, 1975;
Lee, 1975).

The Internationel Rice Research Institute, Philippines
developed 2 low cost 5=7 hp garden tractor ené conducted a
series of tostis to determine the performance and suitability
for smell farms of the developing countriea. In the IRRI
garden tractor (Fig.7-a), clutch and first etep spsed reduc-
tion have been combined by using a bolt idler with a cone V

pulley and it has a three siep specd reductiion with otandard



Fig.7 SCHEMATIC DRAWINGS OF (a) IRRI 5-7 hp GARDEN IRACTOR .

AND (b) ITS POWER TRANSMISSION SYSTEM

(Policarpio, 1973)




chain and sprooket transmission (Fig. 7=-b). It hzse been
found that thies type of “trensmission gystiem reduced the
cost of production, repair snd total weight of the unit,
(Policarpio, 1973). IRRI (1979) reported that as an
improvement, the idler pulley type clutch was eliminated
by mounting a pivotted countershaft where the clutching is
effected by swinging the countershaft with the clutch
lever which changes the centre distence between engine
shaft and the countershafis, This could be operated as a
safetly devlice against overload and sudden shock other thamn

merqﬂfor iransnission of power.

IRRI first developed an externally mounted stesring
clutch as shown in tae Flg.8 and noticed iaproper function-
ing due to mudclogging. Hence a pair of totally encloeed
Jaw cluich sliding on the hexagonal axle ag shown in the
Fig.9 was tried and found that disengaging was difficult
under full load condition. TFor avoiding that, a more com=
pact stoering clutoch was designed and fabricated as shown
in the Fig.10. Here the drive-engaging sleeve slides on
the axlal ball bearings during engegeament and disengagement.
Under normal straighit travel, spring pressure holdes the
clutch in the engaged poeiiion. Iiowever, iheae types of
clutenes are not functioning satisfactorily under field

conditione and the garden tractors with this arrangement
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are not populer in the developing countries, (XKhan et al.,1975).

Wijewardena (1976) reported tnat 'Lendmaster® 5-7 hp
hend tractor for upland and lowland farming is having very
edmple meens for turning the iraotor at heedlends, (Fig.11).

2¢3.2, Work done in Indla

Semuel (1970) fabricated a light weight garden traétor
with & 3.5 hp Indien built Villiers engine end a modified
‘Economy' model imported chasis, which had been originally
built for Briggs and Stratton engine and reported for tu§~

they inprovemnents.

In 1980, India received five unites of 6~7 hp diesei
powered 'Self Helper®' from USA through Action for Food Pﬁo-
duction Scheme .for extensive evaluation in laboratory and
in farmers fields and the results ere awvaited, (ISAB, 1981).

Menian (1980) designed and fabricated a low cost péwer
tiller with 5.4 hp Lombardini diesel engine and studied the
structural and trancnission systems, ©Satisfactory resulis
have been obtained for the gorden tractor with tranemission
ratios of J.11:1, 4.5:1 and 4,081 for single stage belt and
doudble stage chain drives. It has separate steering clutches
end the total weight is 178 kg. Tanil Nadu Agrioultural’
University, Coimbatore developed & 5.4 hp diesel powered low
oost pover tiller (Fiz.12) and reported its suitability for



STRAIGHT TRAVEL

Fig.11 LAND MASTER GARDEN TRACTOR IN FIELD OPERATIONS
(Wijewardena, 1976)
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hilly regions with a field capacity of 0.41 ha per day of
8 hours of actual ploughing operation, (THAU, 1980;

CIAE, 1980). Yadav et al. (1980) reported tuat a protoiype
8-10 hp garden tractor had veen designed and developed

to serve 28 an ideal source of power for small and mediwa
sjized Indian farms 1n¥omparison with tae existing power-
tillers.

Reoently M/S. Hational Engineering Co. (Madras) Evt.
Ltd., Hadras, started menufactiuring the IRRI type 5.4 hp
power tillers (Fiz.13 and Pig.14) vut it has not gzined much
populerity in Indian Agriculture., The exploded view of these
IRRI type power tiller trensmission purie along with the

gteering clutch arrangecment is given in ihéfig.16¢
2e4s Traction Studles

Southwell (1963) investigoted the comparative perfor-
nence of various forme of multiaxle and single axle tractors
end reported tnet the single axle tractor had 1.25 times
greater pull, 1,30 times maximum average drawbar hp, 1,02
times higher pull to weighi ratio sud 1,72 timee nigher

power to weight ratio ithan the conventional four wheel

tractors.,

Chang end Cooper (1369) reported that the slip loss
was much higher than the rolling resistence loss at slips

above 25 per cent.
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Gasket,input shaft
Cover
Bearing,input shaft # 6204
External retainer ring
Bolt, hexagonal head w/ lock wosher
Gasket, steering clutch shaft
Lock washer
ring
Boit, hexagonal head w/ lock washer
Bearing, steering clutch shaft # 6204
External relainer ring
rng
Cotter pin
Shifting levar
Fork
Clutch housing
Gasket, hand hole cover plate
Hand hole cover plate
Bolt ,hexagona! head w/ lock washer
Axie=- °~— =777 cn= ==T =0
Bearing, final drive # 6209
(Gasket, finagl drive
Hub

4
2
2
!

36
1

3
1
1
2
2
2
|
4
1
|.
2
1
1
|
1
1
1
)

Transmission housing cover

Bolt, hexagonal head w/ lock washer
Key, input shafl -
Roller chain RC 50,5/8 Pitch, 66 links:
Input drive sprocket :
Input shaft

Clutch bar sub-assembly

Steering clutch spring

Retainer

Steering clutch shaft

Clutch piate

intfermediate drive sprocket

Pin

Final drive sprocket

Nut,castle ‘

Gasket, transmission housing
Transmission housing

T TPligyeiidran 770 T 7T

Plug,oil check
Transmission pulley
Plain wosher, wide series

———
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Oroino end Duff (1973) informed that small wractors
heve the advantage of more mobility and higher level of
field efficienoy than large unite, Bhole and Tiwari (1977)
found that & power tiller of nominal output 5 hp is able.
to tremenit a maximum of 3 hp to the axle, '

Reed (1966) reported that overeizing the tyre, .
increased ihe load carrying capacity and hed indicoted 1t
as en aid to increase traction. Taylor gt al. (1967) stated
that at the pame normel load and inflation pressure, en
increape in tyre dimmeter, inoreased both pull and effioienoy
of traction for pneumatic tyres. Domier (1978) observead
that inorease in diemeter hy 10 and 18 per cent resultediin
decrease in travel reduoction by 0.6 to 1.1 per cent and f
increase in tractive efficliency by 1.0 to 1.6 per cent.
Ali and HeKyer (1978) conclufied that tyre lug having a length
of 250 mm or less offered better tractive force per unit
width when the lug depth was 50 mm, MNarang and Rem (1980)
compared the performence of steel wheel, solid rubder wheesl
end pneumatic vheel under various loade on various surfaces
end reported that the solid rubber wheel andé pneumatio uﬁeel
had lesps towing force and perforned better on the roads com=-
paring the steel whesl. Manien (1980) recommended four -
ply 6.00 x 12 size pneumatic iyres for 5.4 hp garden tractor
because it performed betier comparing 5,00 x 14 and 4.00:; 12

I

pize tyres, |
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The single axle gorden trezctors when used to develop
drawbar pull oxhibit a8 weight transfer to the rear, Hence
g tail wheel or a front counterweight is used to coumnteract
ite But a downward force o+t hendle is to be given when

there is no load at its drawbar (IRRI, 1978).
2+.5. Ergonomic Siudies

Thrlich (1953) reported that man is acolimatized to
vibration with a frequency oi the order of 1.7 cyoles per
pecond with a 75 mu amplitude end the design of the vehicle
should be within these limite.

toens et al. (1974) mzde a somotometric analysis on
position, range, movement of handles end controls and reported
that the tolerance pulse rate of two wheel tractor for 8 hours
duration should not exceed 30 pulses per minute above ihe

normal pulse rate.

2.6. Econonics of Garden Tractor

Khan (1970) reported that the simplicity, lightness
and increaes in yield due to timlinescs of lend preparation
were the major faciores behind the selseition of single axle
garden tractors in the Philippines,

4 well designed garden tractor, with proper implemenis
and atiachments cen effectively be used for as many opera-
tions as possible including land levelling, seeding, planting,
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weeding, fertilizing, epraying, ridging, pumping and
threshing. A transport cart can be hitched to the tractor
to form a four ﬁheel vehicle for transport purpose, Thus
it increased the intermsl rate on investment upto 45 per
cent comparing the larger unite (Hamid, 1973).

Menian (1980) found that 5.4 hp garden tractor has
the breakeven point of 500 hours as against 800 to 1130
hours for other available garden tractors and hence the
ownership of these type of garden tractors will be profitable

even to the emall farmeors,
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MATERTALS AND METHODS

The design detalls and selection of individual
conponents of the garden traotor are presented in this

chapter,

The functional requirements of the low cost garden
tractor is defined as follows.

a) The garden tractor with its attachamentis should be
able to operate in the field at a forward speed range of
%.0-3.,5 kmph and on the road at a forward speed range otr
6+0=7.0 lkaph., "

b) The total weight of the unit should not be more’
than 150 kg so0 that it can be lifted by ivo persons,

o) The cost should be around Rs.10,000/- so that an

average farmer can own a unit.

d4) The number of components should be least for eagy

manoeuvrability and maintenance by tae farmers,

@) The position of the controls and hendle and the;

vibration level should be within the allowable ergonomic
limits,.

£) 1t should be repairable by loocal mechanics.

g) All the standard componente chould eassily be

evailable from local markets and other components oan be'



fabricated from local workshops with readily availlable

naterials.

3.1 Prime mover

The horsepower of the prime movef ghould be of the
most economical size. It should be of low weight, easily
available, compact diesel engine with higher efficiency and
the performance should match with the field reguirements.,

The'optimum hp of the garden tractor prime mover is
determined by the formula given by Chancellor (13967).
lLu( c+ID)¥
|
(AK)¥

Optimum hp

where, .
L = Land aree which can efficiently use a

tractor per year, 2.5 ha
W = Rated hp-hr required to operate the
area, 350 hp-hr/year for South East
Asia.
c' a Cost of operation, primarily of driver's
wage, Re.6/hr.
D = Average penalty in cost for the delay
from sowing to harvest, 0.1.
A = Amnmual cost coefficient, 0.2 for South
East Asia.
_K = Initial coet of {ractor per rated hp,
Rs.2000,




The optimum hp arrived by this method is 3.98.
Monian (1980) using the forzula given by Abrosimov, oalcu-
lated the power of the prime mover of a garden tractor ito
puil a mould board plough at an adverse field condiiion as
4.54 hp, which comprises of drawbar hp to overcone soil
registances with plough and for self propulsion a2t a field
speed of 3 kmph.

A critical review aleo indicated that an engine in
the range of 5;6 hp is ideal for e low 065t garden traotor.
Increase in weight of prime mover will increase the power
needed for self propulsion, other than increasing the weight
of ithe garden tractor which in turn msy affect the balancing.
Therefore, a light welght engine in the range of 25-40 kg
is to be preferred aﬁd hence an aircooled, 38 kg dry weight
diesel engine producing a maximum of 5.4 hp at 1800 rpa
(type 523, Greaves Lombardini engine) which is readily avai-
lable in the merket is selected.

It hes a moximum torque of 2960 kg mm at & speed of
1200 rpm. The specific fuel consumption corresponding to
this is 200 ga per hp~hr, (Fig.17). Aleo the engine is
having adequate powsr generating potentials to meet the
field demands, 1t is suitable to combat the stationary ang
mobile operations, because it ie light in weight and it can
be operated contihuoualy upto an angularity of 35 degrees
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(Appendix I) which ensbles the garden tractor to suit for
hilly tracts also. The engine is having an added advantage
of directly operating a msjority of centrifugal pumpe.

3.2. Pover Transmission Systen

in ordef'to reduce the cosi, weight and power loss
of the garden tractor, the gear trénamission has been eli-
minated. 4 simple V belt and pulley with chein and sprocket
transnission have been chosen, as these are standerd com~
ponents and are readily available, and moreover it is easier

to repair and ﬁaintain.

The V belt trensmission has been used as a pivotted
countershaft clutch which elso reduces overload and sudden
shock. Oeparaie steering clutch assembly is eliminated to
meke the unit more simpler by providing a pair of new type
of overrunningfclutches in the finzl drive.

3¢2.7¢+ Hechanical Design of Kechine Hembers

Entire machine members of the low coet garden tractor
have been designed with the help of the Design Data Book
and the Agricultural Engineer's Hand Book. Correction
factors and factor of gafety have bsen takeﬁ into account
while designing the machine members, The dimensione arrived
at, by calculafione are corrected to the next standard size
for optimizing the materisl cost. Only minimun number of
sinple components which can easily be fabriocated with local
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technology have been selected. Standard mechine elements
such asg V pullgye. ¥ belts, bearings, chein, aprookéts and
circlipe are ndapied to avoid any higher producilon cost

end to aid essy replecement. Wnile designing the shafts

the vending and twisiting moments as well as thebteneile.
obmpraséive, Bﬁear. bending and itorsional stresses are taken

into account at all stages.

The provén type pneumatic tyres of 6,00 x 12 size,
four ply, 25 m& lug helight with 55 degree lug—angle and
suitable cage wheels have been directly utilized to serve

as traction devices.

3e2.2, Design of Power Tranomission Elements

The eelected emgine is having a rated speed of 1800 rpa.
The field opeed of gardén tractor should not exceed the
average walking speed of a aen In the field, as the cperator
has to walk behind the garden tractor, Thus it is decided
to allow the field speed of garden tractor upto 3.5 kmph,
Corresponding to this field speed with 6.00 x 12 size pneu-
matic wheel, the speed of the wheel (K) is given by,

3<% X 1000 % 1000
T x 600 X 6O

v 30,947 rpm

.=

To have a speed, below 3.5 kmph, the wheel speed is



taken as 30 rpm. Total speed reduction needed,
. 1800
30
= 60

=

In single and double stage speed reduction_the slge
of the pulleye or sprockets will be larger, resulting in
improper weighi distribution emd thereby provlems of vibra-
tion and balencing. Hence a three stage speed reduction is
selected. Th; firet reduction is througn a belt drive end
the other two reductions are by chein drives. Thres reduc~
tions such as 2,75, 4.00 and 5.50 are selected for the belt,
first and second stage chain drives respectively to achieve
a total reduction ratio of 1:60,.5.

The detailed calculations and other design aspects of
V belt drive for field operation is given in the Appendix II.
Hence by seleocting a pair of double groove 80 am and 220 mm
‘diameter V pulleys and B section V belts of B-10567/42=41 spe-
cification, a speed refuction of 61,3636 is achieved, The
centre distance between engine chaft and counter shaft is
311,515 oo which is illustrated in the Fig.18.

In the Aﬁpendix III, the design of V belt drive for
transportation i1s given and hence & pair of 160 mm and 220 am .
dia V pulleys and a B-1168/46-45 V belt are selected. The
speed reduction achieved is 30.6818 and the cenire distance
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between the shafis l¢ 306.075 ma .1 as illusirated in tae
Fig.18,

The eapy chenging of speed for field and roed is
achieved by integrating thé two enéine drive pulleys into
e cone V pulley and by providing & pivotted countershaft
clutch arrangement in the belt tranemission.

The first stage chain and sprocket iransmission is
designed with_12.700 mn piteh 11 teeth sprocket pinion and
45 tqeth_spréoket wheel: The centge distance betwéen the
countershaft snd intermediate shaft is 177.1715 ma (Fig.19).
The detailed'deaign prooedufe is given in the Appendix IV,
The specifications of the selacted ISO/DIN 0B4~1 R 1248 M
chala is giﬁeniin the Appendix V and the teeth epecifiéationa
i6 given in the Appendix VI.

The second stage chain and sprocket transmission is
designed on the same lines (Appendix VII) with the same type
of 12.700 mm pitch, 11 teeth sprocket pinion end 60 teeth
aprocket wheel with centre distence between the intermediate
ghafi and the final drive axle, 222.424 mn es illustrated
in the Fig.19. o

3-2.3. Pos.ttion of Shafts .

Power is iranemitted through a countershaft and an
intermediate shaft to the final drive axle., The three shafts
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¢ [ ENGNE SHAFT
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vV FINAL DRIVE AXLE
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FIG.20  POSITION OF ENGINE SHAFTy COUNTER SMAFT, INTERMEDIATE
" SHAFT AND FINAL DRIVE AXLE (VEW FROM SHAFT END)




sre arranged as in the Fig.20, so that the weight is uni-
formly distributed on the chasis and also to bring down
the centre of g;-avity close to the final drive axle for
avolding any problem in balemeing. The schematic dlagrem
of power transmission is shown in the Fig.21.

Z.2.4+ Design of Countershaft

Fig.22 shows the various loads coming on the coﬁnter-

shaft. .
The load on the countershaft due to belt drive aciing

at C, at an inclin=tion of 13 deg to horizontal,

2 x 4500 x P
Qoc * 3 dp

< 2% 4500 x ‘g‘.g x 1000
D4e54> x 220 x T
= 107.429 kgf
The load on the shaft due to chain drive acting at D, at

an inclination of 84 deg to the horigontal,

Qs ® 1.15 x 4500 x 5.4 x 1000
od D4.545 x %9' X T

The deteiled design calculations of vertical force,
vertical bending moment, horizontal force, horizontal
bending moment, resultant bending moment, twisting moment
and equivalent bending moment aciing on the countershaft
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are given in the Appendix VIII and the vealues are illuestrated
in the Fig.22.

The driven pulley and ithe sprocket pinion are fixed
at points C and D on the shaft and the bearings are fixed
at points A and 8 to support the countershart with the
intermediate shaft.

Zeledel. Selection of Shaft Diameter

For C 40 steel, miniaum diameter at points C and D

for repeated load in eshezr,

16 1,5
i

e
% [—'WT?

i
- (16_x 7385.787y3
TX bed

= 170947 am
Hence a diameter of 20 mm is selected.

Diameter at points A and B,

1
. (16 x 12104.2653
62 ( = 6.5 )

= 21.160 ma

llence a di=ueter of 28 no ie selecied to suit the bearings
selected under %.2,4.2,



(.;_b

45

2.2.4.2. Selection of Bearings
Radial load at point A,

2

F_ = vaé + Ehaz)%

ra

s (121.968%+ 158.0112)%
= 1990608 Kgf
Tﬁe.rédial load at poini B;
F = (402,394% 21,773%)*
= 402.98% kaf

Since there is no axial load at the countershaft tue bhall

bearings of 62 series is selected.

Equivalent load at bearinge,

FB »n (IFI, + YFE)S
vhere the values of X, Y and S at points A and B ere 1, O
egnd 1.1 respectively. OSubstituting these values the equi~

valent loed (Fe) at point A,
Fea = 219,569 kgt

and at point B,

Feb .- y443.281 Kgf
Hence SKF 6204 2% ball beerings sre selected (The specifi-
cations of the ball bearings are given in the Appendix XI).
For retiaining these melf sealed bearings a pair of
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light B, 47 IS:3075-1965 internal circlips (Appendix XII)
are uséd'in the casing. The detail of amssembly is givem in
the Drawing SA 01. Stendsrd light series set collars
(Appendix XIII) along with slotted head grub sorews and
standard keye are used for fastening the driven pulley and
the sprocket pinion with the countershaft.

Fe2e5s Deeign of Intermediate Shaft.

Pig.23 shows the various loads aciting on the inter-
mediate shaft. The load aciing at point C on intermediate
shaft due to chain drive at an inclination of 20 deg to the

horizontal,

Q= 1.3 x 4500 x 5.4 x 1000
00 . TX 0 x 45
= 13960585 w}'...

The load on the shaft at point D due to chain drive aoting
at 84 deg to horizontal,

Qg = 112X 4500 2 5.4 3 1000
od - x 160 x 182

The detailed calculation of vertical force, vertioasl
bending moment, horizontal forece, horigontal bending moment,
resultant bending moment, twisting moment and equivalent
bending moment acting on the intermediete chafi are given
in the Appendix iX and in the Fig.23.
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At pointe A and B bearings and at pointe C and D
sprocket pinion ond 45 teeth aprooket wheel are reespectively
fixed.

FeleDe1e Selection of Shafi Diameter

For axle sieel, minimum diemeter at poinie C and D,

1
6 x 30214, 214)3
T X 25,0 '

1=- 18.320 mm

Hence e diemeter of 20 mm is melected,

The minimum dismeter at podnis A and B,

1
¢ 16 x T1755,013

a 24.442 ma -

Henge & dizsmeter of 30 na is selected as it should sulit

the bearings celected under 3.2.5.2.
3e2e5.2. Selection of Bearinge
Radial load at point A,

By, = (604.6462 + 1328,4972)}
= 14593,5623 ket -

Radisl load at point 3,

Py @ (430.778% + 15,7932)F
= 431,067 kgg
As there is no axial load at the intermediate shaft, the
ball bearinge of 33 series are selacted.
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Equivalent load nt points A and B are oalculated as
1605.585 kgf and 474.174 kgf respectively and hence SKF
3304 22 ball bearings are selected (Appendix XI). Ir order
to retsin the self sealed bearings,one pair of light B,

52 IS13075 ~ 1965 internal oirclips (Appendix XII) are used
in the bearing houeinée. Two numbers of standard gurmetal
bushes with inner dismeter 30 mm, outer diameter 42 mm and
width 20 mn are used in between the intermediate shaft and
iis casing for fupct;oning as 8 pivoitted countershaft clutch
Suitable stendard set ccllars with slotted head grud screws
(Appendix XIII) are provided along with keys as shown in

the Drawing SA 02 for.fixing sbrookat pinion and 45 teeth
sprocket wheel with the intermediate shaft.

2+2.6. Design of Finsl Irive Axle

The details of loads on the final drive axle are
chown in the Fig.24.

Introduction of a palr of overrunning clutch in the
final drive axle eliminated ithe need of split shaft or
hexagonal shaft apd thus it reduced the production cost.
An ordinary shaft with 680 mz length i1s selected to have a
track width of 780 mm for easy ploughing operations aslong
with the previous furrow. A highef track width them the
axle length ie achieved due to the offset wheel discs.
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Load acting on the axle due to chain drive at point C
at an inclination of 20 deg to the horizontal,
Q = 1.3 x 4500 x 5.4 x 1000
oc¢ 29,35 x T X 242.
= 1413,178 kef

The final drive axle experiences the maximum load
when 1t is used for ploughing operation rather then hauling
or pumping.

The maximum veriioal loads at the points A and B, for
a maximum pull of 100‘kgf acting at the drawbar at an incli-
nation of 58 deg to the horizontal along with the additionsal
load at handle frame is taken aes 100 kgf each.

The detalled design calculations of vertical force,
vertical bending monment, horizontal force, horizontal bending
moment; twisting moment and equivalent bending moment acting '
on the finel drive axle are given in the Appendix X and the
valueg are given in the Fig.24.

Fe2+6.1, Selection of Axle Diameter

In order to accommodate the overrunning clutch a gheft end

dianeter of 25 mm with axle steel is selected.

Minimun diasmeter at points A and C where the paximum
equivalent bending moment. is acting,

' 1
d1 = (16 X 182&05-62&)3

wx 25
= 330671 an
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Honoe a diametor of 35 mm is selected.

3e2.6.2. Selection of Bearingos

Radisl load at point A,

F = (100,000° + 1534,741%)%
= 1538.000 kgt

Radirl load at point B,

B, = (100,000 « 215,792%)
= 237-836 kgf

The ball bearings will take 25 per cent of additional
side thrust end hence 1t haes been decided to use the ball
bearinge from 62 series., BEquivalent load at bearings at
points A and B are calculated as 1691.800 kgf and 261.620 kgf
regpectively end hence SKF 6207 2Z ball bearings (Appen~-
dix XI) are selected. A pair of light B-72 IS:3075-1965
internel retainer circlips (Appendix XII) and light series
et collars with slotted head grub screws (Appendix XIII)
are used for fixing the 60 teeth sprocket wheel and over-
rumming clutochee respectively which is illustrated in the
Drawing SA 03.

3.2.,7. Design of Overrumming Clutch

The overrunning clutch is a very simple and compact
device, which can provide the differential effect by free
wheeling action at turninges and to fasten the wheel rim with

<
5!
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the f£inal drive shaft. The overrunning clutoh which is
also known &g oneway clutech or free-wheel clutch will
tranemit power between two in~line eshafis as long as the

two shafte revolve at the same speed in the same direction.
When the driving shaft lags in speed or reverses it cannot
trensait power to the driven shafi. Under these. conditions,
taie unidirectional clutch funcouplea' the two shafis and
the driven shaft overruns. The force applied to the pawls
of the driving shaft push the driven shaft through ratchets
and thus the power is directly trenemitted to the driven
shaft, (Gresnwood, 1959; Stone end Gulvin, 1967; Nash, 1979).
Hence a pair of simple and more compact ateering device
which can be operated smoothly without separate steering
clutches, controls or differential gears is designed and
developed, (Drawing SA 04). It was then evalvated for its

performance and endurance,

The maximum torque of 2960 kg mo is obtained when the
prime mover runs a2t 1200 rpm., Hence the maximun torque
transnitted by the final drive a@xle at the speed of 20 rpa,

2960 x 1200
* 20

=z 177600 kg om

Then the torque itransmltted by each side,
= 88800 kg mm.
At each side, inside the inmer member of the over~
running clutch, two pawls or doge are provided to transmit
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the torque 1o the ratchets of the outer member, which is
directly connscted to the wheel rim. The two pawls are
pivotted by two pewl pins located 32.5 ma from the centre
in opposite directions. ILet the length of the pawl be
35 mm, hence it tranemits the load in the direction perpen-
diculer to the radisl line joining the centre of the axle
to the pawl pin at 47.76-mm from the centre of the axle.
Hence the load transmittéd by each of the pawl,

88800
AT.7T6 x 2 x 2
v 464,32 kgt

For C 14 steel, the miunimum cross section of the pawl in

bending,
464,682
® 76,00
= 77,47 oa®

The compression load on the pawl,

_ 88800
37 e DRCXE

992.00 Icgf

i

Hence the minimum croes section of the pawl in compression,
592.00
“'“gtﬁﬁ‘“
= 98,66 mn®

2 is eelected for

llence an area of oroess section of 100 mm
the pawl. The entire load is transmitted from the axle to

the pawls through the semicircular projection of the immer

oY



memver, and the pawlpin ie not taking any load. Even then
the pawl pin i checked for failure in shear at its fixed
end, The minimum diameter of the pawl pin for C 14 steel,

: tl( 522.00 X &)*
8.0 x T

w 9,71 om
Hence a 10 mm die ie selected. A standard key with
8man x 7T on x 36 mo size and otandard grub screws of die

6.5 m are used for the overrunning clutch,

The pawls of the inner member directly transmit the
power to the ratohets of the outler member., Hence a minimun
120 mn? contact area for the retchet face is allowed., For
easy fabrication of the outer member a reguler type 24 teeth

ratohet 1s deesigned (Irawing SA 04).
3¢2.7.1. Deslgn of Wheel Bolts

Through five bolts the outer members of the overrunning
clutch are directly fitted with the wheel rims. The minimum
dianeter of the boltie 1s checked for failure in sheap.

Torque transmifted
s 177600 kg mm-
Shear force aoting at bolts,

3 1z7goo

60



Hence the ninimum éiameter for C 15 sieel bolts,
273231 x 4+%
= ( .OxSxﬂ)
= 10,76 om

Hence 15 mn dis wheel bolte are selected to suit the
wﬁeel disc, .

3.2.8. Design of Pivottsed Countershaft Clutch

Pivotted or swing type countershaft clutch coneists
of a link rod connecting the countershaft casing and hingef

hend lever. The countershaft can swing over the intermediate

phaft as the casings of both the snafts are linked by two
neabere of 30 mm x 10 mm flats es in the Drawings SA 01,
SA 02 and SA 05,

: It is calculated in detail under Appendix VIII, that
2 horizontal force of 104.675 kgf acting on the countershaft
due to belt drive, This force should be counteracted by the
operator through the hand lever. The cluich linke are
fabricated as in the drawing SA 05.

.The load at the hand lever grip,

o 304,675 x 20
250

= 8.37 kgt
which is within the allowable maximum limit of 8.9 kgf for
the hand operated lever (lathews anpd Knigat, 1971). It is

61
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decided to have a minimum of 25 mn swing at the driven
pulley centre for effeotive disengagement of power, Hence
the swing needed at the handle,

a %g x 250
which is also within the allowable range of hand operation,

(Pig.25),
Je2eBe1e Check for Component Dimensions

Mipimun diameter of the link rod, which ¢an fail by
tension for the maximum tensile load of 107.425 kgf for ¢ 15 .

steel,

107.420 x 4\%
= ( ™ X 4%3' )

= 5051 mn

Hence 8 10 mm dia rod is used and 9.15 mm dia C 15 sieel rod

is selected for hand lever,

The pins at countershaft, hand lever fulcrum and at
link rod may fail by shear, hence the minimum diameter for
€ 40 steel pine,

o (107429 x 4 1%
2 XTX beDd
a3 3,243 ma

Hence 5 mm die pins are selected for all clutch linkages.
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A spring ie employed in between the countersghaft
and chaels to keep the olytoh always in the power engaged
position end a belt retaimer is aleo provided 1o prevent
the belts running out of the pulleys when the power is
disengaged.

3e3. Chasis

Vertical chasis ie liable to unstability, pgrticularly
vhen nountsd with different implements., Hence & horizontal
ohasié of reotangular chape is selected for further develop-
ment to sult the prime mover and tae power trenemission sye-
tem, 10 which simple front mounted atitachments can also be
hitched. The front mounted countershafi or tail-wheel
which is common in meny gerden tractiors is elimineted oy
distributing the weignt of the components uniformly amo that
it will be balanced by-itseli'when the engine is at front
and the implement is hitched at the back,

The basic beans of the chasis are constructed by two
C 15 steel flats of sige 100 am x 850 mm x 5 mm. It has to
take the waigh@ of the engine and a punp (i{ attached) and
the failure mey be by shear at the points of axle bearing
housings, as it ie the least area that takes the maximum load
of 300 kgf. The shear siress produced at the point,

. 300
T 22100 x5

= 003 kg/mma




which ie within tﬁe allowable shear limit for the selecied
C 15 pteel.

Six crose bers of 32 mm x 12 mm flate are welded in
between the chasie for add;tional rigidity and aleo to act
ap 8 hiteh bracket with a 16 mm dia vertical drawbar pin
for hitching the implement or trailer with the garden
tractor (Drawing SA 06).

For a maxzimum hitching load of 450 kgf, the hitch
bracket end drawbar pin may fail by shear. The shear siress

produced on one of tne hiich bars at an adverse field
condition,

: x 12 x2

= 1,95 kg/mm®

Hence & C 15 steel which con withstiand upto 2.5 kg/mm2 ie

s06lacted,

The shear strees at the 16 mm dia drawbar pin,

750 x 4
Tx 162 x 2

- 1087 kg/mmg

Hence the pelected C 15 siecel drawbar will be safe.

Belts Handle

'The design of handle is done by considering mechauical
strength as well as ergonomical limits. At the worst situa-
tion when the implement noses into the soil, the handle may
be utilized to 1lift the implement with a meximum of 200 kgf
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at the drewbar. In order to take this load two main

handle bars along with two tie rods are provided from the
chasie and also to reduce the transmiseion of vibration
from the engine. The material selected ie C 15 stesl flats
of 31 mm x 8 mm aize and the ptress at the handle,

200
4 x9%1 x o

s 0.27 kg/mm2
which ie within the ellowable linit and hence the handle
galection is safe. Cross rodé are éleo provided to inocrease
the rigidity of the frame., The handle frame is fitted with
the maiﬁ beams at 30 deg inclination., The load at the handle
grip whgn.the distance between main aile and the handie grip
is 1250_mm,

o 200 x 250
1250

s 40 kgt

which is ergonomically within the bearable limits by two

hands at en adverse condition.

In the bilmsterally syumaetrical hapndle the operator
has to walk either on the inverted soil or in the furrow
when the mould board plough is used,which is very inconve-
nient. Hence an offset of 162 mm is given to the handle

frame and is found convenient.









Plate 11 POWER TRANSMISSION DETAILS OP THE
GARDEN TRACTOR
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Tne distiance hetween the two handle grips, that is
the width.of conirol area for asnuel control ie taken ae
525 mm and tae main clutch lever is provided at 95 mm from
the right handle grip. The mccelerator, fuel cut off znd
main clutich levers, trajiler eecat and trailer brake pedal
are ergonomically designed with the aid of the graph shown
in the Fig.2H, which was prepared froam the data given by
Hathews and Xnight {1971). Praving SA 05 shows the handle
arrangement., The accelerator and fuel cut off cablés are
so connected with the engine controls for efficient opera-~
tions, {Irawing HA 01).

305. Stﬁnﬂ

The maximum load in zddition to the part of the garden
tractor weight the stand has to withetand, is the weight of
a pump which may be loaded at front of the chasis, 4 naxinunm
of 300 kgf is teken as the total load inclusive of pump and
its sccessories and hence the stress produced in two pera~
llel pipes of 26 mm outer dis and 3 mm thickuness,

200 x 4
2 xT(26%-20%)
= 0,69 kg/mn®
which 1s within the allowable compressive siress for C 15

steel,
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Fe541s Stand Pin

The pins plvotting the stand with the chasis nay
fail hy shear, hence the mininum diameter of itne pins for
C 40 pteel,

300 x 4 ¥
3(4 X T X beb )
= 3,83 nm
Hence a 5 mm dia pin is selected. An over centrs epring

is eleo provided to keep the stand in its position at all
times,

3.6, Assembling Detaile

Fabrication work of the garden tractor has been com~-
pleted at the Research Workshop, Departiment of Agricultural
Engineering, Kerala Agricultural University, Mannuthy, after
finlehing the drawings.

The intermediate sheft is first passed through ite
bgaring housinge and busihes of the shaft casing., After
locking the bearinge with cirelips, sprocket pinion and
45 teeth sprocket wheel are filted by keye, set collars and
grub screws, The finel drive axle is pressed through caging
and beerings of the chaeis, The 60 teeth sprocket wheel and
two inner membere of the overrunning clutch are positioned
by keys and grub serewe after locking the bearings with the

oirclips. Outer and inner members of the overrumning clutoh



-

arqfassembled by pressing the pawls of the immer menbers.
Correct assembling of this clutch is checited by:the unifora
sound when it overiurns. The pneumatic or cage wheels are
fitted by wnea; volte with the outer members of the over-
running clutch and locked by set collara and grgb gCraws.

The hendle frezme is apsembled with the chasis by
means of bolts. Countershaft, bearings, driven pulley and
eprocket pinion are assembled and locked with eirciipa, sat
collars and grub screws, Countershaft spring ic fastened
with the chasls and the swing arm. Then the main clutch
link rod is conneoted with the uountérshaft casing anéd the

hand lever,

The engine is mounted on the crossbars of the chasis
and the accelerator and fuel cut off cables ere connected
from the engine controls to the respective hend levers, The

stand and its over centre spring are fixed with the chasis,

The V belis end chains are wvound sround the respective
pulleys and sp}ookete then the implement or trailer is
hitched at the hitch bracket using the drawbar pin,
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, RESULTS AND DISCUSSION

The resulte of the svaluation of the low cost garden
traotor, the dynemics and stability aepects involved in
the construction of the unlt, traciion studies and economics

are discussed in this chepter,
4.1. Determination of Cenire of Gravity

In order to determine the centre of gravity, the
garden tractor wap diementled into three groups as
(1) prime mover, (2) the chasis with handle end powér trans-
miseion elements emd (3) the wheels, The C.g. of each of
these was determined by henging individually in different
poeitione and looating the points of interseetion of the
lines of suspension. The C.g. of the garden tractor from
three reference lines is found out analytically from the
o.g. of the above three groupe. It was cheoiked by henging
the garden fractor totally in two different positioxis and
finding out the point of intersection of the veriiczl lines
from the point of suspeneion. The c.g. 0of the unit with.
implement is fbund out separately by hanging end the shift-
ing of c.g. at working condition is also determinéd._ The
relative positions of individual c.g. from three reference
lines are given in the Fig. 26 snd the analytical method is

ag followes
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140 x L = (43 x 480) + (56.5 x 620) + (40,5 x 580)
L = 555-42 om

140 x H = (43 x 585) + (5645 x 470) + (40,5 x 300)
H = 456,14 mn

140 x B = (43 x 480) + (5645 x 395) + (40.5 x 390)
B =& 419.66 m}m

Hence tne c.g. 0f the gafden tractor without any implement

is found on calculation to lie at (570.00-565.42), 4,58 mm
in front of the f£inal drive exle, 456.14 mm above the ground
level and (419.66-%390.00), 29,66 am rignt side of the central
longitudinal line of the chagis. The location of the c.g.
when the garden tractor was henged without any implement jin
two different positions is at 8 mm in front of the axle,

454 mm above the grournd level and 23 am right side of the
central longltudinel line of the chasls.

In the game method, ithe c.g. 0f the garden tractior
with a mould board plougn is analytically calculated by
knowing the position of c.g. 0of the individual groups, ae

follows:s

145.75 x 1 = (43, 480) + (56.5 x 620) + (40.5 x 580)
+ (5.75 x 910) |
l = 579.02 mm

145,75 x h = (43 x 535) + (5645 x 470) + (40.5 x 300)
+ (5,75 x 20)
h = 438.9% oo




145.75 x b a2 (43 x 480) + (56.5 x 395) + (40,5 x 390)
+ (5,75 x 385)

b o 418029 an

The 0.g. of the garden tracior wiﬁh a mould board
plough ie found to lie at (579.02-570.00), 8.98 mm rear of
the final drive axle, 438,93 mm above the ground level and
(418.29-390.06). 28.29 om rignt of the cenfral longitudinal
line of the chasis. The o.g. with thé implement ie found
airectly by hanging 4n two different plenes to lie at 10 ma
rear of the axle, 435 ma uboﬁé the ground level and 25.5 mm
right of the central longitudinal line,

It is found thet by hitching a mould boerd plough the
c.ge 0f the garden tractor moves approximately 18 mm towards
rear, 19 mm towards ground level and 2.50 mm awsy from the
central longitudinal line of the chasis. This traneforma~
tion of c.g. is desirable for stébility point of view at
ficld operation.

By analytical method the c.g. of the garden tractor
along with a trailer weighing 240 kg is found to lie at
850 mm rear of the fimel drive axle, 492.8 mm above ground
level and 19.8 mm right of the centre longitudinsl lins.

4.2, Limiting Stable Angles
The maximum irclination for continuously operating

in longitudinal and traverce slope is 35 deg for the selected,
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type 523, Greaves Loabardini engine. And theflimiting
stable angles of the garden tractor with trailer (Fig.27)
are determined by employing tae formuiae given by lahmud
(1969) waen,

horizontal distience beitween c.g. and reer axle,

Ly
1]

1490 nm _

l= harizontgl distance between the two axles,
2340 mo

h = vertical distance of ¢.g. from ground level,
498,8 om

B = track width of tracior trailer combination,
1500 mn

b = tyre width, 120 ma

e = distance betwesn the c.g. and the vertical line

passing through the cenire of wheel itrack, 19.8 mn,
The limiting stable angle in upwerd slope,

1

#

-1 g
tan (—E-)

=1, 1490
tan " ()

71 deg 30 min
The limiting stable angle in downward slope,
°<2 = ta:n-1 (—'1';?%-)
= tan"t (2340-1490
tan " (“pggE )
z 59 deg 35 min

il
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The limiting stable angle while running across the slope,

-1 O. 5( B+b)'6
~ y h

3 =
o topn~! Q22 (15004120)-19,8
496,.8

= 57 deg 44 nmin

Hence the unit is stable for itransportation purpose
at a maximun intermittent slope of 57 deg 44 min.

4.5, Starting Torque Reguirement

The prime mover of the garden tracior is loaded addi-
tionally at the time of starting from rest due to the exira

torque required to covercome the ineritiz of the moving

components. Hence the prime mover 1s checked to overoone

the inertial forces.

e
toment of gyration %QE of all revolving couponente is

calculated as given below.

H

2 2 2
) ()

N N
GBQ G‘1D12 ("1.\':*')2 + 8‘21}22 ( .H2 * soneve + G‘nDn

where G, G1 eesessscense qn are welgnte, D, D1 vecevsonnes pn
are dis of gyraiion ard N, N «eeceevsse ﬂh are the spoeds

of driving pulley, driven pulley, countershaft, sprocket
pinion, 45 teeth sprocket wheel, intermediate shaft, sprocket
pinion, 60 teoth sprﬁcket wheel, final drive axlse, overrunning

cluiches and the pneumetic wheels respectively.
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2 e [3.8 x 0.0215°] (}537 + [(4.250 x 0.0552%) +

(0.75 x 0.006%) + (0,15 x 0.0108%)] (843:342)2 ,

[t1.80 x 0.0279%) + (0,80 x0006%) + (0.15 x 0.0108%))

1883 + (2,10 x 0. 0368%) + (3.00 x 0.076°) +

(5.20 x 0.035%) + (36.50 x 0. 1502)] (2222)2
= 0.,0048331 kg o
Dynamic torque required at an acceleration time of 1.5 seec,
T, «331 x 1800
d 3 X i

laximun starting torque required to overcome the power arrived

under 3.1,
71620 x 4.54 x 10
g = 1800

= 180.642 kg mn

Hence tne hp required'for the prime mover to overcocme the
inertis force snd sterting resistance,

71620

= 4,929 hp

which is less than the rated availablg S«4 hp for the
selected prime mover, aud thus the unit will overcome ihe

operational resistances.



4.4, Acoelerztion Studies on the Garden Tractor

When the'garden tractor is operated in the field or

road it will have elither acoeleration or reisrdation wnich

contributes to the inerijal forces of the unit.- Fig.28

shows the forces acting on wheels and om plough at working

condition. Assuming the centre of resistance acting at
6 cm sbove the bottom and 5 om behind ithe share point of the

plough, the acceleration analyels is done.

Iet b = horizonial distance between wheel and centre

of resistance of plough, co

ﬁhe difference between the soil thruet and
rolling resistance, kgf

acceleration, cm/se02
resultant soil reaction on the plough, kgf
helght of c.g« 0f the unit above the ground
level, cm

the diataﬁce 0f c.g« Of the unit from the

gentre of resistance of the plough, cm

the total normal reactions at wheels and plough
respectively, kgt

wveight of the garden tractor with implement, kgf
the centre of resistance from the ground

level, cnm

coefficient of friction between the tyres and
the soil surface.
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Then sV = 03 Fsv + W o= V1 + V2
' : W
ZH =0 Feh + ghc F

Teking moment about the cenive of resisiance,

S o O V1b +§£(h+x) = Yl + Fx
| but F s P+ Ef

:
(F -g-f) g + -g-!(h-l-x) o WL+ (F+ g-:t)x
W _F . (b=vx)
£ = B[ HHFay{rmtx)]
b +Mh

substituting the values frem ithe Fig.28 and simplifying,

f = 244.570 ~ 47138 Fsh where Feh is the horjizontal component
of the goil reaotion, which is equal to draft. For different
draft the acceleration ls calculated and ie given in the
Table 4.

4.5, Field Teeasts

The field tests on the garden tractor has been done at
the Research Station snd Instructional Farm, Hannuthy send
at College of Horticulture, Vellamikikrara for evaluating the
following performence: (a) drawber pull, (b) drawbar power,
(o) elip, (d) acceleration, (e) coefficient of tractionm,
(£) coefficient of rolling resistance, (g) rolling resistance,

(h) soil tnruét, (1) power efficiency and (j) tractive off:-
clency. These tests wore conducted for both 6.00 x 12 mise



Table 4, Relatlionshlp between dreft sand accelera-
tion of the garden iraoctor

Sl.Ho: Draft (kgf) Acceleration (cm/seoa)
1 9,78 198.469
2 19.56 - 152,368

3 29.34 106,267
4, 39,12 604166
5 48,90 14,065
6 58,68 32,035
7 68446 -76.136
8 79.24 ~124.230
9 88,02 ~170.339

10 97.80 «216.440

1 107.58 -248,399




Plate 111 GARDEN TRACTOR WITH CAGE WHEELS
AT FIELD TESTS

Plate 1Y GARDEN TRACTOR WITH ITS TRAILER



pneunatic tyre and coge wheel in the clay loan fields with
the static welght of garden tractor (W), 140 kg. The depth
of operation of the plough was changed by using the plough
depth adjustment screw to get different drawbar pull (P)
from 10 kgf to 110 kgf which wap measured by a hydraulic
dynamométer. " Drawbar power (P) ie the product of drawbar
pull and vehicle velocity which represente the poteniial
productivity of the vehicle. The wheel slip (S) ham been
estinated from the velocity &t no load (Vo) and the veloclty
with lomd (V), (Wong, 1978)..

vV -V

5 =g
s

By uainé slip (5) and the static weight of the garden tractor
(W) the coeffiocient of rolling resistance (C,) and soil
thrust (F) are caleulated frem the following equations,
(Manien, 1980),

_ 2
S =2+ 220 C,

F =P 4+ ¥ Qr

Tne power efficiency (PE) io determined from the equation,

PE = —%—{1-8). Tractive efficiency is the ratio of drawbar
power to the power delivered by the prime mover. And tae
coefficienti of traction is the ratio of drawbar pull to
dynenic load on the wheels of the garden tractor, (long, 1978).
The values obtained are given in the Table 5 and Table 57



Table 5. Traction characterisiics of garden tractor for pneumatic wheel

Sl. Drawbar Dragt Vehiecle Slip Coeff. of Coeff. of Rolling Drawbar Soil Power Tractive
No. pull (kgf) speed (%) iraction rolling resie~ power thrust effi- effi-
(kgf) : (knph) resistance tence (hp) (kgf) ciency ciency
(kgf) () (B
1 10 9.78 3.178 4.2 0.0714 0.100  14.00 0.117 24.00 39.9 2.17
2 20 19.56 3.139 Se4 0.1428 0.124 17.36 0.240 37.36 50.6 4.44
3 30 29.34 2.926 11.8 0.2142 0.211 29.40 0.325 959.54 44.4 6.02
4 40 39.12 2,903 12.5 0.2856 0.218 30.52 0.430 70.52 49.5 7.96
] 50 48.90 2.896 12.7 0.3570 0.221 30.94 0.536 80.94 53.% 9.93
6 60 58.68 2.760 16.8 0.4284 0.259 36426 0.613 96.26. 51.8 11.35
7- 70 68.46 2.9588 22.0 0.4998 0.302 42.28 0;671 112.28 44.6 12.43
8 80 78.24 2.471 25.5 0.5712 0.305 42.70 0.732 122.70 48.6 13,55
9 90  88.02 2,319 30.1 0.6426  0.357  49.98  O.773 139.98 44.9 14.31
10 100 97.80 2.093 41.8 0.7140 G.427 59.50 0.715 159.50 36.4 13.24
11 110 107.58 1,840 43.3 0.7858 0.440. 61.60 0.744 171.60 35.7 13.78




Table 6. Traction characteristics of garden tractor for cage wheel

51l. Drawbar Draft Vehieie Slip Coeff. of Coeff. of Rolling Trawbar Soil Power Tractive
To. pull (kzf) spesd (%) traction rolling resis- power thrust effi~ effi-

(kgt) (lmph) resis- tance  (hp) (kegf) ciency ciency
- — ' tence (kgf) (ﬁz (%)
1 10 9.78 2.930  11.7  0.0714 0.210 29.40 0,109  39.40 22.4 2,02
2 20 19.56 2.688 19.0  0.1428 0.278 38,92 0.199 58492 27.5 3.68
3 30 29,34 2.578 22,3 0.2142 0.304 42.56 00,286 72,56 32.1 5.30
§ 40 39,12 2,429  26.8  0.2856 0.352 49.28 0,360  89.28 32.8 6.67
5 50 48,90 2,323  30.0  0.3570 0.357 49.98 0.430 93,98 35.0 7.96
6 60  58.68 2.074  37.5  0.4284 0.402 56.28 0.461 116.28 32.2 8.54
7 70 68.46 2.017  39.2  0.4998  0.411  57.54 0.523 127.54 33.4 9.96
3 80  78.24 1.834  44.7  0.5712 0.441 61.74 0.543 141.74 31.3 10.06
9 90 88,02 1,703  48.5  0.6426 . 0.460 64.40 0.570 154.40 30.0 10.56
10 100  97.80 1.643  50.5  0.7140 0.470 65.80 0.603 165.80 29.8 11.30
11

110 107.58 1.993 52.0 0.7858 0.471 66.78 0.649 176.78 2%.8 12.02

68
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Fige. 29 shows the imfluence of pull over slip and

acceleration for pneumetic and cage wheel at upland ploughing.

It is seen that the rate of increoase of slip with respect to
the pull is high beyond 20 per cent s;ip for pneumatic
wheels and beyond 30 per cemnt slip for cage wheels. Taylor
ond Bart (19755 reporﬁed that the steep pert of the pull
éﬁrve generall& occurred before 15 ber cent slip whereas
Menian (1950) found the rate of increase of glip wae higher
beyond 20 per éent slip, which was obiained for & pull of

'50 kgf approximately.

The highgr values‘of slip ‘is prevailing for cage wheel
at dry ploughing conditions comparing with the pneumatic
wheels. Simiiar trend was 2lso noticed for the IRRI 6-7 hp
gerden tractors, (IRRI, 1977).

It is obsgerved that the walue of pull, froﬁ which the
higher increment of slip begins ie at 50 kgf and 70 kgf for
pneunatic and cage wheels respectfvely. It is also noticed
tﬁét there exists an inverse relationship vetween pull or

draft with acceleration for boih the traction devices. The

" value of pull when the acceleration reaches zero is near

about 55 kgf. Hence the garden tracitor can be recommended
for a ceiling pull of 55 kgtf, which is eaquivalent to that of

an aversge palr of bullockse.

@
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The relationship between coefficient of traction end
coefficient of rolling resistance with respeot to vehicle
gpeed is shown in the Fig.30. It is noticed that tue
increase in vehicle speed reduces the coefficient of trac-
tion and coefficient of rolling resistance. The coefficient
of rolling reeistance ghows higher values for czge wheele
coanparing the pneunatic wheels where as the pneumatic wheels
. have higher coéfficient of traction then the cage wheels wiih
. respsct to incbease of speed. Chang end Cooper (1969) obeerved
sinilar relationship beitween the coefficlent of tracition znd
9;19. The rate of decrecase of coefficient of trection and
coefficient of rolling resistance are gradual upto a espeed
of 2,6 kmph., Henien (1980) confirmed the change point as
at 30 per cent slip where as by superimposing the values of
epeed and slip; the change point is arrived approximately
at 20 per cent @lip for both the types of wheele of the low

coet garden trgotor.

The change of power efficiency and tractive efficiency
wiih reespect to the pull of the unit is illustrated in Fig.31.
The power efficiency for the pneumatic wheel amnd cage wheel
have the peak values of 53 per coent and 35 per oenf respec-
tively ococurring at a pull of 50 kgf which is vory close to
the pull recomiended already for the garden tractor namely
55 kgf after considering its scceleration charscteristice.

Ay
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The tractive efficiency indicates an inoreasing trend
with the 1ncreése of pull and the rate of increage of
tractive efficiency is higher for the pneumatic wheel than
the cage whesl for upland operations. From the power effi- {
¢lency and traéttve efficiency points of view, the gardenl
tractor is recommended for ueing it at a pull range of
50 kgf to 80 kgf with pneumatic wheels for the upland ope-~ : ‘
rations., The average field capacity of the garden iractor
| with a mould board plough is 0.05 ha/hr ond with & four iyne
cultivator is 0.18 ha/ar regpectively. ‘

4.6. Road Tests

The alternate use of the garden itracitor is for trans-
portation. Hence the following performence of the gerden
tractor is studied.

4.5.1. Brake Test

The severity of brakiﬁg of the garden itrazctor~trailer
unit is measured with 2 nominal load of 600 kg a2t & maximum
road speed of 6.25 kmph on a levelled tar paved road by the
pkid of tyre (K) which is given by Wong (1978) as,

V-,
K a(—p-2 1100
0

vhere V ie the velocity without applying brake, and v, is
the veloeity after the z2pplication of brake and before coming
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to rest,hence,
K @ (6 25‘2. )100
= 65,60 per cent

which is within the limit of application.

4.6.2. Slip Angle

The effectiveness of ihe sieering alignment is measured
by the slip angle, which is deflned as the angle formed
between the direction of wheel travel amnd the line of inter-
section of wheel pleane with road surface. The garden traoctor
is operated at differenti speeds and the slip angle is found
to be approximately equal to 1 deg 15 nin which is considered
gg betiter sieering ability and efficient functioning of the

overrunning clutches,

4.6.3. Tractive Power in Climbing up & Slope

The tractive horse power (Q) in climbing up a slope
(=) in deg for the garden iractor-irsiler umit with a totml
static weight (V) in kgf which covered an actual distance (1)
in meters with a time ('t) in seconds, is given by Hahmud (1969)
ag,
- WL sin o




The following characteristics of the garden iractor-
irailer unit was found out by using the formulsme given by
Taborek (1975) ss they indicate the genersl mechanics of

vehicle perforaance.

a. Siatic drive axle welght,

WL
p
¥y 71

where,
W = vehicle weight, kgf
L, = distance of 0.g. from rear axle, mm

L = wheei oage, an

substituting,

- 80 % 1490
Wy = 25 E800.
= 377.47 kgt

b. ¥Weight distribution facior,
y mfpr + Qfﬂ
. 4 L +0H
where, ‘ .
Qr = coefficient of rolling reesietanoe
H o heignt of ceg. from ground level, mnm
U = coefficient of road adhesion
enbstituting,

W o 1490 + €0.02 x 498.80
£ ° 7500 + (0475 % 438.60)

= 0.80



¢, Maximun traneferable tractive force
ft' = Hf\AH
Bubgtituting.

f‘t. = 0,80 x 0,75 x 380
= 228,00 kgt

d. Maxioun gradability,
s = ton! (Vgr =Cp)
eubétituting,
g ¢ tan™"? [(0.80 x 0.75) - 0.,02]
= 30 deg 6 gin 45 gec

e, Maximum drawbar pull on level ground,

- C L
£ °r
PV gy

where,

Le

Hd = height of hitch point from ground 1evél, man

= distance of c.g. from front axle, mm

substituting,
' 0.75_x 850}~(0.02 x 1500
p = 300 [{0T3.%590)-(002 % 1500) )
= 156,64 kgt
f. The minimun turning radii of the garden tractor with

implement and with trailer were studied and ere 425 om end
2150 mm respectively whers as the Kubota Power Tiller ic

e By
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having the minimum turning redii as 600 om and 3300 ma with
implement and with trailer respectively.

These values of the garden tractor suit the functional
reguirements for adoption of the low cosit garden tractor for

field and tranéport operations.

4.7. Endurance Teste

The performence of the fabricated and purchased
conponents were studied under the endurance testa. The
garden tractor was put under use intermittently totalling
150 hours duration with implemente nsmely, 8 mould board
.plough, a four tyme cultivator, a disc harrow,a bund former
and a trailer with 8 load of 750 kgf. The following obser-

vatione were made from the tests.

a) Due to the vibration of tne engine the ordinary
type foundation bolte of engine were loosened frequently,
hence additional locknuts were provided for the engine
foundation bolis,

b) At sudden release of main clutch, the belts are
sliped away from their pulley grooves and it was prevented
by welding a belt retainer with the chasis.

0) Improper engugement of pawls with the ratchete in
the overrunning clutch made the imner and outer members

loose, and hence the grease wap oozed out. As there was no



seating of pawl with its semicircular back, bending of pin |
was noticgd. Spring action was arregted and wearing out

of the pawl face~-oorners wag ldentified. These faults in

the overrunning clutch were due to the improper alighment

and seatings of pawl, pawl pin and springs. Hence in the

second model fabricated, all these defects were rectified
hy'providing correct seating for pawls at its semicircular

back and by providing seating, atep and guide for the spring

in the pawl itself, Hence any lateral movement was arrested

and thus bending and wearing of pawl face were rectified.

4,8, Mnoterial énﬂ Economical Analysis of Garden Traotor

The materiale required for fabricating the garden
tractor is grouped under the headings of *fabricated com-
ponentsa' and ‘purchased components'. A detailed material
list with specification, cost end quentity is prepared and
is presented ip the Table 7 and Table 8. The total cost of
the power tiller l1s arrived by addimg 10 per cent overhead
charges on cost of materials and 200 per cont overhead charges
on cost of labour, over the actual cost of fabricaiion. The
cost of operation is compared with that of Kubota 9=12 hp
power tiller at different working hours per year. The rate
of chenge of cosﬁ of operation with increase of yearly working
hours 1s z2lso studlied,



Table 7.

Details of fabricated components end their cost

.Sl.
No.

1

2

o v W

10

1

12
13

- Weight

Part Drowing  Specification Quantity  Cost
No. (kg  (Ho.) (Bs.)

Drive pulley sA 01 Casting, B section V pulley 3,800 i 27 « 50

80 nm and 160 am dia :
Iriven pullsy SA 01 Capting, B section V pullsy ‘ ;

220 mm dis 4.250 1 43.70
Countershaft SA 01 C 40 steel, 28 mm dia 0.760 1 12.30
Countershaft casing SA 01 C 15 steel, 57 ma dia 1.100 1 9.60
Sprocket pinion SA 02 C 15 steel, 50.8 nm dia 0.350 2 16.90
4o lLeeth oprocket SA 02 G 15 steel, 159.2 mu dia 1.800 1 76.10
60 toeth eprocket SA 03  C 15 steel, 249.9 mn dia 2,100 1 85410
Internediate shaft 8A 02 Axle steel, 30 mm dia 0.350 1 31.50
ig:gigeaia“e shaft SA 02 € 15 steel, 52 ma die 1.350 1 9.60
Countershaft cluich :

flats
fountershaft cluten SA 05  SHG 15 sheet 04270 1 2,25
ever
Countershaft 1link rod ©5A 05 ¢ 15 steel, 10 mn dia 1.510° 1 7.60
Hand lever sA 05 C 15 sieel, 12 am diam 0.620 1 3.75

ToT



(Table 7 continued)

Sl. Part Irawing Specification Weight Quantity Cont
Hoe No. , (lcg) (Ho.) (RBe)
14 Chasls main bean Sh 06 C 15 steel, 100 ae x 5 ma  7.850 3 38.75
15 Chasis cross bars SA 06 C 15 steel, 32 am x 12 mm 3.725 6 16.20
16 Bearing housing SA 06 ¢ 15 stesl, 62 nm OD 0.870 2 345
17 Final axle SA O3 Axle steel, 45 mm dia 1,050 1 41.20
18  PFinsl axle casing SA 03 C 15 steel, 8% ar 0D 2.125 1 13.75
19 Jrerraming clutoh spo4  Sasting omd € t.oteel  5.200 2 seto  570.00
20 Hapndle main flat SA OS5 C 15 steel, 31 ma x 8 mm  5.920 4 30.25
21 Hendle cross rods sa 05 C 1% steesl, 10 mn dia 2.630 2 12.50
22 Fuel cut off lever SA 05 SWE 15 sheet " 0.150 1 2.00
2% Stand SA 06 C 15 steel pipe, 26 mu 0D 1.260 1 Te35
24 Drawbar pin MA O1 C 15 gteel, 16 mm dia 0.265 1 1.40
25 Pivot pins 18 01 C 40 stoel, 5 am dia 0.125 14 __..3.00_

Coot of febricaited coaponents = Rs.1079.25




Table B.

Details of purchased components and their cost

Sl.Ho. Part Specification Quantity© Cost
. _ (Ho.) (RB)
1 Diesel engine Lombardini, 5.4 hp, type 523, 1300 rpa 1 5201.75
2 Y belt B-1062/42=-41 2 69,45
3 V belt B-1168/46-45 1 35.60
4 Chain IS0/DIH 034-1 R 12458 H 1676.40 am 75.10 .
5 Chain c¢lips 12.70 mm piich 3 2.60
6 Bush Gunrmetal liner, 42 mm 0D 30 mm ID, 2 56450
20 mm lengih
7 Bearings SKF 6204 22 2 63.00
8 Bearinge SKP 3304 22 2 173.70
9 Bearings SKF 6207 22 2 87.50
10 Circlips Light B-47 1S: 3075-1965 2 4.40
11 Girclips Tight B8-52 1S: 3075-1965 2 515
12 Circlips Iight B-72 IS: 3075=-1965 2 T35
13 Keys ~ - 6 8.25
14 Set collars with Tignht series, Type -A:
slotted head grub 20 mm bore 4 24.55
screve 25 mm bhore 2 18.90

€07



(Table 8 continued)

S1i.Ho.

Part Specification Quantity . Cost
(ND.) (RB.)

15 Slotted head grub 6.5 om dia’ aﬁd -
ecrevs 6.0 ma dia 7 6.75
16 Springe - 2 3475
17 Accelerator cables Kubota spere pert 2 62.00
18 Cable relecase clamp Kubota spare part 1 9.70
19 Pneumatic tyre wheel Tyres 6.00 x 12 size 2 1689.20
Tube: 6.00 x 12 gize 2 148.30
Rim : 6.00 x 12 size 2 63%.50
20 Primer and paint 600 @l 30.50
21 Hexogonal head bolts, %2 15.25

nuts and washers

Cost of purchased components

= R9.8432.95

voT



Coat of fabricated components = Re. 1079.25
Cost of prime mover = Ra. 5201.75

Cost of other purchased componenits= Rs. 3231,20

Cost of materigl = Re. 9512.20
Coat of labour = Bs. 830,00,
Cost of the umnit = Re,103%62,.20
10 per cent overhead charges on Re. 951,22

copt of naterial

200 per cent overhead charges on
cost of labour
Total cost of the unit

Re. 1700.00

Rs.13013.42

-

it restie

This is comparable with the Natiomal power tiller of
the same power output copting Re.13555/~ (excluding sales
tax) and Kubota power tiller of 9-12 hp costing Rs.32190/-,
Ag most of the farmers own a diesel engine for pumping,
additional amount of only Rs.5160.45 is needed ito own this
low coot gérden tractor, which is much coaparable with a

pair of bullocks.

Cost of operation in Re/year is expressed by,

(CerR) P, (I+F+0)
n

o 100
vhers, .
c0 = ¢ostl of ¢operation per hr, Ks.

Cf e fixed cost in percantage of capltial cost



P o

-
—3

capital cost, Bs.
hours of operation per year

repair end maintenence per year in percentage
of capital cost

cost of lsbour, Rs./hr
const of fuel, Re./hr
cost of oil and lubricant, Rs./hr

The fixed coet includes thé following components.

a. depreciation, 10 per cent of P

be. interest, 4.4 per cent of P

Ce tvaX'

1.25 per cent of P

d. insurance, 0,25 per cent of P and

e. housing, 1.00 per cent of P

Hence the fixed cost is 16.90 per cent of P. Repair and

naintencnce cost is taken as 6 per cent of P and the life

period of the

low cost garden tractor is assumed as 10 years.

Cost of fuel = Re.3.40/11t.

Cost of olil and

Yubricant = 1/3 coat of the fuel
Cost ofllabour s Rp.2,50/hr

Let the fuel consumption be, x lit./hr. Then the cost of

operation per hr,

%

- (léagggéagg.)-g- + 2.5o+(3.40x)+(3=§95)

= 0.2290 gm + (4.73x) + 2.50
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Hence the cost of operation per hr for the low cost gerden

tractor, when P = 13100 and x = 1.00,

c, = 2322 ; 7,23

0
end the rate of decrezce of cost of operation,

éh h

The cost of operation per hr for the Kuboie power
tiller, when P = 32190 and x = 1,75,

Co = 12%1%21 + 10.78

and the rate of decrease df cost of operation,

8 _ 1371.51

dh 52

The cost of operation and the rate of decrease of
coet of operation for different hourp of yearly use are
given in the Table § and is illusirated in the Fig.32 for
the low cost garden iractor amnd the Kuboia power tiller,
It is observed that an incresse in yeerly use for both the
units will reduce the cost of operation per hour. But ihe
coet of operation per hour is changing less gradually from
the breai even point of 600 hr/year for the newly developed
low cost garden tractor where as for the Kubota power tiller
the break even peint is 1000 hr/year. It justifies the



Table 9. Cost of operation and rate of decrease of cost of operation in relation
to0 the yearly use

P = 1310G; x = 1.00 P = 32190; z = 1.75
Sl. THours of ‘
No. operation Cost of opera- Rate of decr- Cost of operation Rate of decrease
tion per hour oczse of costl of per hour of cost of opera-
(Rs.) operation (Ra. ) tion -3
(x 1073) (x 1077)
1 200 22.23 75.00 47.64 184.29
2 400 14.73 18.75 29.21 46.07
3 600 12,23 8.33 23.07 20.48
4 800 10.98 4.69 19.99 11,52
5 1000 10.23 2.00 18.15 T«38
6 1200 9.73 2.08 16,92 5.12
7 1400 9.37 155 16,05 3.76
8 1600 9.10 1.17 15359 2,88

A
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advantage in socio-economiqlaspeots for having an own unit
of the low cost garden tractor than the factory msde power

tillers by the average Indien farmers,
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SUMMARY

~

The two wheel garden tractor stends between the

animal traction and four wheel tractor which would replace
only animals but not people. It ie the machime most sui-
table for a country like India, for promoting econocmic
development, employment end better income distribution.
Henoe the development of & low cost garden tractor was

taken up for optimizing the power needed, selecting suitable
design criteria and finding out ihe operational limite,

5.1, After a critical enslysis, 5.4 hp Greaves
Tombardini, itype 523 diesel engine with 1800 rpm which is
compact end weighing only 38 kg ie selected to serve as the
prime mover. Total speed reduciion of 30.6314 and 61.3629
have been achiéved for operating at a speed of 6.635 kmph
and %.917 kmph for road and field conditions by using a
gimple cone pulley and V belt arrangement, along with chain
and sprockets., The first step speed reduction is ultimately
utilized as an effective pivotted countershaft ciutch.'

5.2+ The countershaft, intermediate shaft and the final
drive axle are designed by considering proper service factors,
adequate factor of safety and to suli the various power trans-
mieeion elements, The three shafts are eo poeitioned, that
the welght is uniformly distributed over the finsl drive
axle and a perfect balancing is achisved.



5.3. One pair of overrunning clutches are designed,
fabricated and preliminary field tesis are carrled out.
The defects are rectified axnd further improvementis have
been incorporated and are‘égain succeasfully field tested.
Manual steering is made very simple by the successful
application of the overrunning olutches which eliminated
separate steering clutoh assembly, wheel flanges and split
or hexogonsl f{inal axle.

5¢4. A pivoited countershaft olutch with 25 mm swing
at the driven pulley is designed and successfully tested
for its functional, mechanicel =nd ergenomical aspects.

Chagis, handle, stand, drawbar and all other components of

the unit are designed and fabricated by tsking care in inte-

grating the parts and using meximun pumber of standard com-
ponents to reduce the total cost and for easy maintenence.
The controls of main clutch, acceleration and fuel cut off
are located at handle frame to fell within the ergonomical

limits for essy operaiion. The garden tractor has a lengih -

of 1750 am, width of 780 mm and height of 1220 mm and
waighs 140 kg without any implement.

5¢5. From the dynamics and kinemstics of the garden
tractor the following aspects are siudied.

a) The centre of gravity of the unit without any
implement 1s found to be 8 mm in front of the final drive

112



G
113

axle, 454 nm above the ground level and 23 mm right of the
central longitudinal line of the chasis. When a mould
board plough ié mounted the centre of gravity occupiee a
new position at 10 ma in rear of the final drive axle,
435'mm above the ground level and 25.5 mm right of the
central longitudinal line. These values have been compared
by analytical @ethod.

b) To overcome the dynamic and other inertisl torque
at the time of starting, e minimun of 4.929 hp is found to
be necessary, vhich is less then the rated hp of the seleotad

prime mover.

¢) The limiting stable angles of the garden tractor
in upward, dowﬁward end across the slope are calculated to
be 71 deg 30 min, 50 deg 35 min and 57 deg 44 min respecti-
vely. The severity of braking is found out by the skid
wvhich iz equal to 65.60 per cent and the steering effective-
ness 1o determined by the slip angle which is equal to 1 deg
15 min for the garden irsotor-trailer combinstion. The
maximun trensferable wractive force is found to be 2238 kgf,
| the maximum drawbar pull on level ground is found as 156.64 kgf
and the maximum gradability, which 1o the slope, that the
vehicle can negotiate at its constant speed ie c¢alculated to
be 30 deg 7 min., The minimum turning radii with end without
trailer is found to be 2150 am &and 425 mm respectively.
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5.6. By 150 hours endurance test, modifications and
developments have been incorporated in the overrunning
clutch design and no breakdown of any other designed or

purchased components have been observed,

5.7. In the field tests by changing the pull which
was measured by a hydraulio dynamometer, the characteristiocs
of slip, coefficient of traction, coefficient of rolling
resistance, drawbar power, power efficiency and tractive
efficiency are found out for the 6.00 x 12 size pneumatic
tyre and cage wheels. The rate of increase of slip is higher
beyond 20 per cent and 30 per oent for pneumatic and cage
wheels when the pull is around 50 kgf and 70 kgf respectively.
The cage wheel shows comparatively higher values of slip for
upland ploughing. The acceleration of the garden tractor
has on inverse relationship with pull or draft and the value
of pull when the acceleration reaches zero is around 55 kgf.
The rate of decrease of coefficient of traction and coeffi-
clent of rolling resistance with respect to speed of the
vehicle are found to be gradual upto a speed of 2.6 kmph.
The peak values of the power efficiency nemely 53 per cent
for the pneumatic wheel and 35 per cent for the cage wheel

exist when the pull is around 50 kgf.

5.8. The designed low cost garden tractor can easily be
dismantled and assembled into three main parts namely, prime
mover (43.0 kg), transmission system with chasis (56.5 kg)



and the ground drive components (40,5 ké) which facllitates
easy tramsportation to any type of fields. The cost of
materials for fabrication of the garden iractor is Rs.9512.20
and the coet of labour is Re.850. When a 10 per cent over-
head chargee on the material and 200 per cent overhead charges
on the lébour is imposed, the total coat comes to Ra;13013.42.
Out of this 9.12 per cent is cost of fabricated components,
71.28 per cent is cost of purchased components and 19.60 per

cent cost of labowr.

a) The cost of operation of the garden tractor can be
expresmed as given below in terme of cost of the garden
tractor (P), fuel consumption in litres per hour (x) and

hours of operations per year (h),

Cost of operation (Re/hr) = 0.2230 (%) + (4.73x)+2.50

b) The cost of operation per hour is changing less
gradually from an yearly use of 600 hours for the garden
tractor and@ 1000 hours for the Kubota power tiller which
costs Re.%2,190., It clearly indicates the adapiability of
the low cost garden tractor over the factory made power

tillers.

5. 9.. Further improvements on the garden tractor may
be attempted by (a) providing a brake at the outer member
of the overrunning clutch which can be operated along with



the main.clutoh lever, (b) employing vibration dampers

at engine foundation bolts, (¢) subsiituiing tubular handle
frame for furtiher resitriection of viﬁration traneniseion, |
end (d) providing a simple t&pe 6f separate stand control

lever which can be operated from ihe handle frame.
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APPENDIX I
SPECIFICATIONS OF THE PRIME MOVER

Hake
Model

No. of cylinders
Bore
Stroke

Displacenent
Compression ratio
Rated speecd
Power

a) N DIy 70020

b) EB DIH 6270

¢c) NA DIN 6270

Maximum torque
Specific fuel

- consumption

Fuel tank capacity
041 consuaption
04l sump capacity

Alr cleaner oil
bowl capacity

Maxinum angularity
Dimensions, ma

Iry weight

L 1)

[ L] - Lo J

& L 1] L [ 2]

Greaves Lombardini

Type 523

(Four stroke, aircooled, direct
Jnjection on piston, gear punp
lubrication, automatic governor,
rope crank starting)

1 ¢
78 nm
68 nn

325 occ
1821
16800 rpm

605 hp
6.0 hp
S5¢4 hp

2900 kg ma
220 ga/hp hr

4. 5 Jl-it-
1 lit,

0.15 1it

35 deg
427 X 552,5 x 476

38Kg
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APPERDIX I
DESIGK OF V BELT DRIVE FOR FIELD OPEHATION

The drive pulley diameter (d), is selectied as 80 mnm,
to accommodate in the avajlable space below the fuel tank
of the engine.

The dia of driven pulley,
D =80 x 2,75
= 220 ma, which is a standard size

Selection of centre distance, (C)

Coin © 0.55 (D + 4) + T, vhen T = 11
=z 0,55 (220 + 80) + 11
= 176 ma
Cpax = 2 (D + 4)
= 2 (220 + 80)
= 600 mn

Adopting a cenire distanee of 300 am, the belt pitch length,

. o 2
L= 20 + S-(Dea) +» {2280

- X (220-80)2
(2 x 300) + —5-(220+60)+;220:80)

= 1087.572 ma

The corrected standard standerd nominal pitch length is
1110 am end the nominal inside length is 1067 mm.
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(Appendix II continued)

Corrected centre distance, C:

(D=)2
c

2
2C + 35—(220+ao) 223'80)

C = 311,515 mm, which is within the allowable

L 2C + :g- (D+d) +

}]

1110

range of 176 mm to 600 mn,
Arc of contact angle,
0 =2 008-1 (%EQ)

= 2 Cos™ ()

= 154 deg 1 win 40 sec

Correction factor for service (Fa) for light duty upto 10 hr

of working is 1.00. The small dia factor (Fb) to account for
variation of arc of contact is 1.1%, vhen D/4 is 2.75. Correc-
tion factor for lengih of siandard V belts (F,) is 0.85, and
the correction factor for are of contact (Fz) for 154 deg

is 0.93.

Equivalent pitch dia.

de v d x Fb

80 x 1.13
90.40 mm

4

il

-
Belt speed, § = __%E%%_ﬁ_%%gg_

= T.539 m/sec
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(Appendix II continued)

Corresponding to the drive power, P = 3.97 ltw, S = T.539 n/seo
and de = 90,40 om, the rating of V belts,

R = 1.125 for A section
= 1,991 for B section
No. of B section V belts
: Pzl
Hzx Fo X Fa
= 5497 x 1
1499120.8510,9%
= 2.5237
As normelly 75 per cent of the maximum available power is

utilized, only two numbers of B section V beltes are selected.

The specification of the belt is B-1067/42~41. A pair
of standard B section pulleys of 280 mm dia and 220 pm dia is

pelected for field operatione.



APPERDIX 111
DESIGN OF V BELT DRIVE FOR. TRANSPORTATION

The dia of engine pulley, é = 160 mm

The dia of driven pulley, D = 220 mm

Crin 0.55 (220+160)+?1
220 nm

2 (220+160)

= 760 ma

4]

B

[ o]
fI

nax

To accommodate the pivoiited countershaft clutch in
the belt drive, the centre distance of the bslt drives for
field end road speeds should approximately be the same,
Hence C is taken as 300 mm, which is also within the allow=-
able renge for transportation.

2
' il (220-160)
The belt pitch length, L = 2 x 300 + Er(220+160)+—z—§—365—-

= 1199.90 mnm k
The corrected standard nominal pitch length is 1212 mm and

the nominal inside length is 1168 mm
2
1212 = 2¢ + J-(220+160)+ {220-180)

Hence the corrected centre distence, C = 306.075 mm, which

is very close to the centre distance arrived for field opera=-
tion, namely 311.515 nm and the deviation of 5.440 mm is
adjusted by providing double positions in the olutch lever

retainer.



(Appendix III continued)

Are of contact angle, ©

Correction factors, ‘Fa‘
Fd"

Eguivalent piteh dia, 4,

Belt speed,S

Corresponding to P = 3.97

vi

-1 220-160
2 Cos * (5 5506.075

168.,deg 45 min

- R

i

1.00' Fb L 1010' Fe = 0.81 apd
C.97

]

1]

160 x 1.10
198.0’0 1415t}

- Tx 160 x 1800
1000 x 60

e 15.079 m/sec

kw, S = 15,079 n/sec, and

@, = 198.00 mm, the rating of B section V belt (R) is 4.63.

073100
No. of B section V belto required = z—22sl oosten

=z 1,016

Hence a single B section V belt is selscted as the normel

pover iranemitied is less

than the availsble rated power.

The epecification of the belt ie B-1168/46-45. A pair of

standard B section pulleys of 160 mm dia and 220 mm dia is

selected for the transportation purpose,
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APPENDIX IV
DESIGN OF - CHAIN AND SPROCKET IN FIRST STAGE

Iet the trensmission ratio, (i) be 4 as discussged under
5.2,2. The number of teeta in the sprocket pinion (%,) is
teken anm 11 which is higner then ihe minimum required. Then,
the number of teeth in sprocket wheel,

2 = 4 x 11

= 44

2

It is correcied to the next odd nunber 45. Hence the actual

transmission ratio,

2
S

& 400909

Speed of rotation of sprocket pinion,

n. = 1800 x 80
LT

= 654,545 rpn
Speed of rotation of sprocket wheel,

L 654,545
” 4,0909

= 160 rpa
A standard chain with piteh (p), 12.700 mm is selected. Then
the pitch dia of sprocket piunion,

d

. P
p1 sin (%QQ
: 12,700

" 180
8in (TTT‘

= 45,078 mm
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(Appendix IV continued)

Pitoh dia ef sprocket wheel,

- —12:700
p2 ain( )
= 182.060 nm

Tip dia of sprocket pinion,

d,q = "“'%Eﬁ" + 0.6 p

tan(iq-}

n —12:700 4 0.6 (12.700)
tan (-%%—)

= 500871 nn

Tip dia of sprocket wheel,

12,700
a s + 0,6 (12.700)
a2 tan (~=— 80 )

= 189.237 nn

Centre distance,
daqt Gap
mnin 2

1,3 (20871 + 189.237,

Qmax =80 p
= 1016 mm

Let the initial centre, (Go) be 175 mm, Then the approximate
centre distance in multiple of pitch,
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(Appendix IV continued)

C

C o =2

p b

= TBFoe

13.7795

1]

The length of continuous chain in multiples of pitch,

%2 b, +f‘ze"31 2

. 11445 [ 5-11) 2“jT2
2 x 13.7795 +( 5e) + $513:77égﬂ;
= 57.6840

It is corrected to ithe next number, 58

The cenire distence,

(2442,) (2442,) 2 (Z,~24)
c ""_fo lp""T*Jé‘p'{‘T—}_s 2%

12,700 e _ (11 _ (11445 ?; (45-11
- oy - 1m0 5 o)

And hence the actual centre distance between counter shaft
and intermediate shaft is 177.1715 mm.

For variable load with or without mild shooi, ki = 1,155
1
for fixed centre distance, k, = 1.25; vhen r—Lts=— = 57.6840
2 Gatlo 5

which is more than 1, kg = 1.15; for posiiion of chain drive
at more than 60 deg, k4 = 1.253 for perlodic lubrication



(Appendix IV continued)

kg = 1.5; for single shift of 8 hr dumation k; = 1.0 and
hence the pervice factor Ka o k1x kzx k.3x k4x h:sx k6 :

= 3 . 662
uﬂdp‘l n1
0

o T x 45,078 x 1309.09
0 x 1000

= 35,0398 m/seo

Chain velocity, v

Hence TS0/DIN 034-1, R 1248 H chain is selected, for which
the minimum breaking load, (Q) is 1600 kgf.

Factor of safely, n = G2 ka

1600 x %.0898
Té—é‘x3097x3- 2

® 34394

Check for sotual fecior of sufeiy:

Tangential force due 1o power itransmission when P is 5.4 hp,

5B
Py © 1?‘"

15.x 5.4
3.0898

a  131.07644 ket
When the weight of chain, (w) is 0.58 kg/m, then centrifugal

tension,

= 0.58 (3.0898)°
.61

a 0.5644 kgt




x1
(Appendix IV continued)

Coefficient of sag (k) is 1 when the chain is approximately
vertical. Tenelon due to sagging of chain,

WG
Fa ™ 7000

_ 1.x 0.58 x 177,171
T B

a 0,10276

Hence the actual factor of safetiy,

0
n o= —
Py * Bg * Py
1600
¥ T37.0764 + U.5044 + 0.1028

0 12.1448

The actual faotor of safety, (n) is greater then the minimum
required 9.50. Hence ithe design is safe.

Length of chain,
llpxp
= 58 x 12,700
e 736,600 mm.
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APPENDIX V
SPECIFICATION OF ISO/DIN 034-1 ROLLEN R 1248 H CHAIN

Pitch = 12,70 mm
Roller dia, max = T.75 nn
Width between inner i

Pin body dia, aax s 4,09 mm
Plate depth, max e 71,10 am
Bearing area = 36,00 nn?
Welght per meter = 0,58 kgf
Breeking load, min c 1600 kgf

APPENDIX VI

TEETH SPECIFICATIONS OF SPROCKET PIHION AND SPROCKET WHEEL

Piteh = 12,70 mm

Roller dias, max = 7,75 mm
gigtgabetwean inner = 3,30 mm
Tooth width, min = 2479 mm
Tooth width, nax = 2,97 an
Tooth side radius = 12,70 mn
Side relief =z 0,89 mn
Shroud depth, ain = 2,16 mm

Shroud radius, max = 0.76 ma
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APPENDIX VII1
DESIGN OF CHAIN AND SPROCKET IN SECOND STAGE

Let the tranemiseion ratio (1) be 5.5 as discussed under
%.2.2. The number of teeth in the sprocket pinion, (21) is
token s 11, whioh is higher than the minimum reguired.
Hence the nnmbér of teeth in the sprooket wheel, -

Zy, = 5.5 x 11

= 60,5

It is corrected to the even number of 60, The actual
transmission'ratio, |

§ 60

i = 504545
The speed of rotation of sprooket pinion, n, is 160 rpm.,

Then the speed of rotation of sproocket wheel,

160
244545

m 29,33 Irpn
Chain with pitch (p) 12.70 ma 1s selected.’

Pitch dis of sprocket pinion,

12,700
dp1' « 80

51n011-)
= 45,078 s

Pitch dia of sprocket wheel,
12,700
a =
p2 ain(-%g)
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(Appsndix VII continued)

Tip dia of sprocket pinion,

dgq = 12:1%%6 + (0.6 x 12.700)
tan(qy=)

= 50.871 mm

Tip dia of sprocket wheel,

dp = 12&1%96- + (0.6 x 12,700)

tan(258)
= 249,949 mm
Centre distence for the transmiseion ratio 5.4545,
e 1.3 (20871 £ 249.949,

= 195.533 an

cmax o 80 x 1207
3 1015:!11!1

cmin

Iet the initial centre distance,(co) be 220 mm. Then the
approximete centre distance in multiples of piich,

C o 220
P T2.700

= 17-3228

The length of continuoue chain in nultiples of pitch,

(11+60) (=2
o . + 2T
lp 2 (17.3228) + 5 + “5535

= 73,6554
I{ is approximated to the even number, 74.



(Appendix VII continued)

Aotual centre distancs,

¢ = 12,000 g ~(11460) /&?4 (11+60)} ~5(82511)2

= 222,4240 mm

And henece the actual centre distaiice between tiie intermediate
shaft and finel drive axle is 222.4240 mn
Service factor for the operating condition,

KB = 2.92968

Chain velcoity,

v =X 45.078 x 1309.0903
= Ue0 % 10

3.0898 n/sec

{1

Hence the chain with specification, ISO/DIN 084-1 R 1248 H
is selected, for which the minimum breaking load (Q) is
1600 kgf.

Factor of safety,

n 1600 x 3.0898
102 x 3497 x 2.92968

= 4,167
Check for eciual factor of safety,
Py = 131.07644 kgt
Po ® 0.5644 kef

Coafficlent of sag (k) 1s 4 when the chain is inolined

20 deg to the horizomial.
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(Apoendix VII continued)

Tonsion due to sagging of chain,

-4 x 0,58 x 222,4240
Py 1

] 0.5160 kgf

Hence the actual factor of safety,

0 e 1600
13i-07644 &> 005644 + 0.5130
= 12,106

It is higher than the minimum required factor of safety
of 9.50.
Hence the design is safs.

Length of chain,
1 =74 x 12,700
= 939,08 mm .
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APPENDIX VIII
FORCE AND MOMENT DISTRIBUTIION ON COUNTERSHAFT

a. Vertiocal Foroe Diagram (Fig.22)

VYertical upward load at € due to belt drive and driven pulley,
Foo " (107.429 sin 13) -~ 4.250
= 19,916 kgf
Vertical downward loed at D due to chain drive,
Fog ® 301.997 sin 84
= 300,342 kgt
Teking monent about the point A, to get the vertical upward

foroe acting at B, F bl
v (‘%,@
(19.916 x 60) = (F_.x 100) + (300.342 x@) = 0

Evb = 402.394 kgt

Hence the vertical downward foroe acting at A,
Fva' = 19.916 + ‘020394 - 3000342
= 121,968 kgt

b. Vertical Bending doment (BI,) Diagraa
BY, at point A. = -19,916.x 60
- = =1194.,960 kg mn
B, at point B = (-19.916 x 160) + (121,968 x 100)
= 9010,240 kg am
c. Horizontal Force Diagram

Horizontal force at C towards front emd du®s to belt drive,

Ehc‘ = 107.429 (cor 13)
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(Appendix VIII continued)

Horizontal force at D towards front end due to chain drive,
a 301.997 (cos &4)

= 31,563 kgf

Talking moment about the point A, to get the horizontal force

Pha

acting towards front end at B, 3hb

(104.675 x 60) = (B, x 100) = (31.563 x 130) = 0

Hence the horizontal force acting towards rear end at A,
Fra = 104675 + 21.773 + 31,563
= 158,011 kgt
d. Horizontal Bending Homent (Eﬂh) Diagram
Eif, at point A = =104,675 x 60
a =6280.50 kg nm
BMh at point B = 31.,56% x 30
= 946,890 kg mn
e. Aesultant Bending Moment (Mr) Diagran
i, at point A = (1194.960% + 6280,500%)F
= 6393.1689 kg mn
H, 8% point B = (9010.2402 + 946.890%)
= 9052.8579 kg an
f. Twisting Noment (Mt) Diagram

ity at point C = 4500 x 5.4 x 1000 x 220
X 20 x 945 x 2

= 5908.628 kg mnm
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(Appendix VIII continued)

Ht at point» =

4500 x 5.4 x 1000 x 45
TX 45 X 054.545 x 2

59080626 kg mm

g» Equivaelent Bending Homent (M ) Diagrem

M, at point A

M at point B

H at point ¢ =

H at point D =

:
(1.5 x 6393.169)2 + (1,25 x 5908.628)7]
12104.265 kg oo

(1.5 % 9059.858)7 + (1.25 x 5903.:52.'3)‘3]%r
15469132 kg ma
1.25 x 5908.6

7385.787 kg mm
1,25 x 5908.628
385,787 kg ma



APPENDIX IX
FORCE AND MOMENT DISTRIBUTION ON INTEREIEDIATE SHAFT

a. Vertical Force Diagram (Fig.23)
Vertical downward force ‘at C, due to the second chain drive,
F,, = 1396.585 (ein 20)
" = 477.660 kg ma
Vertical upward force at D due to the first chain drive, -
Byg = 3050466 (oin 84)
= 303,792 kg mm

b. Vertical Bending Homén‘l; (BB!V) Diagrsm
B, at point & = 477,660 x 32,5
= 15523.950 kg am
BM, at point B = 303,792 x 32.%
= 987%.,24 kg mm-
C. Horigontal Force Diagran
Horizontel force at C towards rear emd,
« 1396,5385 {(coe 20)
= 1312.360 kg nm

ic
Horizontal force at D towards reayr ond,
th s 305.466 (cos 34)
= 31.9%0 kg @ .
Taking moment about the point A, to get the horicontel force

acting towarde the front end at B, Fro? y
{=1312.360 x 32.50) - (th‘ x 200) + (31,930 x 232,5) = 0
Fup = 15793 kg mm .
‘Hence, F, = 1328.497 kg mm vhich also acte towards the front end.



(Appendix IX continued)

d. Horizontal Bending Woment (Bl ) Diagrem

at point A = 1312,%60 x 32.5
= 42651,700 kg mm

BY, at point B = 31,930 x 32.5

= 1037.725 kg mm

By,

. Resultant Bending Moment (Mr) Diagram

H.r at point A

45368.991 kg mm
(9873.240% + 1037.725%)%

f. Twisting Moment (nt) Diagran
o 4500 x 5.4 x 1000 x 45

n

Hr at point B

i} at point C Tx 160 x 45 x 2
= 24171.675 kg oo
500 = 5.4 x 1000 x 182
Mtatpomt]) = Tx 160 x 182 % 2

= 24171.675 kg ma
g« Baquivalent Bending Moment (H ) Diagram

= 71755.01% kg ma

= 33684.960 kg na
M_ at point C = 1.25 x 24171.675

(15523.9502 + 42651.7002)%

2 Tl
H_at point A [(1 5 x 43388.991)° + (1.25 x 24171.675) ]

H,etpotnt B = [(1.5 x 9927.625)2 + (1.25 x 20171.675)%) "
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Appendix X
FORCE AND MOMENT DISTRIBUTION OH FINAL IRIVE AXLE

a., Vertical Force Diagram (Fig.24)
Vertionl force acting at C upwerd due to tae chain drive,

B, = 413.178 (oin 20)
= 433,335 kgt
Verticel losde ‘moting at the pointe A and B,

Foa® Fop 100 kgt -

To know the reaetiona‘acting variioally at the points D end
B, moments are taken about the point D, '

(-483.335 x 207.5) + (100 x 240) + (100 x 440) +
(Evex 680) = 0

P ow (483335 x 207.5)=(24000)=(44000)
ve 80

a 47.48825 kgt

Hence,
Fgq = 235.846 kgf

b, Vertical Bending Moment (BM,) Diagrem

By, at point ¢ = ~(235,846 z 207.5)
-43938.,045 kg om
By, at point A = =(235.846 x 240) + (483.335 x 32.5)

a

~40894,650 kg am

i
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(Appendix X continued)

B4 at point B = -(235.846 x 440) + (483.335 = 232.5)
+{100 x 200) .

= =11396.852 kg man
o, Horizontal Foroe Diagram
Horizontal force at C ﬁowarda front end,
= 1413.178 (cos 20)
= 1327.953 kgf |

The resultant horizontal force acting towards the rear end

Ehc

at the pointe A and B are token as 40 kgf each.

Taelking moments about the polni B, to get the horizonial
Torge aciipg at the point A,

=(1327.953 x 232,5) + (E,, x 200) = 0

Foa © 1543.745 kat

Hernce,
F‘Vb s 215.792 kgt

G. Horizontal Bending Moment (th) Diagran

BY

[, 8% point A = 1327,953% x _32.5

= 43158.472 kg ma
©. Resultant Bending Homent (M) Diagrem

M, ot point A = (40894.650% + 43158.4722)¥
= 59456,085 kg ma
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(Appendiz X continued)

Similerly Ilr at points B and C are calculated to be
11396.852 kg mm end 48938,045 kg mn reepectively.

f. Gwisting Homent (Ht) Diagram
: ' | o 4500 x 5.4 x 1000 x 242.6
iy @t point C 29,33 X Wx 242.6 x 2
= 131860.385 kg mn
g+ Equivalent Bending Homent, (me) Diegram,

¥
B, at point 4 = BLS x 59456.085)% + (1,25 x 131860.385)2J

%
[(1.5 x 11396.852)%4(1.25 x 131860.385)°]

¥, at point B ' ‘

@

M_ et point C -

&
‘51.5 x 48933.045)24(1.25 x 131860.385)%]
18043%2.915 kg mm



) “Appendix ZXI
SPECIFICATION OF BALL BEARIﬁGS USED 1IN THE GARDEN TRACTOR

Sl. Details SK¥ 6204-22 SKF 3304-22 SEF 6207-22

Ho.
1 Series | 62 33 62
2 Inner dia; mm E 20.0 - - 20,0 - 35:0°
3 Outer dia, ma 47.0 520 ' 72.0
"4 Abutment dis on chaft, mm 26.0 27.0 42.0
5 Abutment di=2 on housing, om 47.0 45.0 55.0
6 Width, mm 14.0 22,2 17.0
7 ggﬁggzgfagéi on shaft and 1.5 2.0 . 2.0
8 Basjc static capacity, kgf 655 1400 1370
Basic dynamic cepaciiy, kgf 1000 1930 2000

10 Permissible speed, mex. rpu 16000 8000 10000




Appendix Xii

SPECIPICATION OF TYPE B LIGHT SERIES INTERKAL RETAINER CIRCLIPS

Details

47 I8:3075-1965 52 1Bt 3075-1965 72 IS:s 3075-1965

i i - LY

Bore dia, mm

Seating dia, nm
Compresged dia, om
Unconpressed dia, mm
Width, am

Thickness, mm

Bore groove widih, mm

Axjal force, kgf

52,00
59,00
37.60
56420

4470 -

2.00
2.15
6300

T . o alin e b TR

TAXY
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Appendix XIII -
SPECIFICATION OF SET COLLARS
(Type: Light series=-a, Structural steel St 37)

Sl. Specification Counter- Internediate Final axle

Ho. shaft ghaft drive
1 Nominsl bore, mm 20.0 20,0 25.0
2 Outer dia, mm 32.0 3240 40,0
3 Width, mm 4.0 14.0 16.0
4 Grub scorew (

dia, mm 6.5 6.5 645
5 Gzub sorew . 8.0 8.0 10,0

length, mm
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ABSTRACT

The study was conducted with the objectives of
systematlic analysis of components with respect to their
kinemetice, dynemics and ergonomics and evaluatiqn of

traction performance end economnics of low cost garden tractor.

A Greaves Lombardini 5.4 hp diesel engine with
1800 rpam was selected and a simple three step speed reduc-
tion sysiem having a single stage V belt drive and double
ptage chain drives with a pivotted countershaft clutch have
been designed. 4 road speed of 6.6%5 kmph and field speed
of 3.317 knph were achieved by using a cone pulley arrange-
ment with 6,00 x 12 size wheel. Correct position of various
components brings the centre of gravily of the unit with and
without jmplément at very close to the finsl drive axle for

eagy balancinge.

A simple overrunning cluich for differential action
had been designed, developed and successfully field tested
and all the controls were ergonomically located. IEuntire
machine members had oveen mechanically desligned and the unit
was fabricated and successfully field tesied for its fun-
ctional and endurance requirements. The selected prime mover

was found to be suitabvle even for starting the unit with all

resistances.



i1

The limiting stable angles in upward, downward and
across the alopé had been computed. The maximun grada-
bility, drawbar pull and the ginimum turning radius were
studied and found scceptable for field and road reguirements.
The unit was £ound to worg efficiently for upland operatiop
in the pull range of 50 to 65 kgf.

o

The oosﬁ of the garden tractior was worked out to be
around Rs.10,000/~ and it has a break even point of
600 hr/year compering that of 1000 hr/year for Kubota power
tiller, which indicates its adaptabiliiy over the factory
made garden tractors, The total weight of the garden tractor
is 140 kg and it can easily be dismentled and assembled as
prime mover (43.0 kg), tronsmission esysteam (56.5 kg) and
grounh drive components (40.5 kg). '

The unit can be fabricated by local tecanology from
the readily available standard components and can success~-

fully be maintained by emall farmers.



