GENERAL PURPOSE TWO-WHEEL TRACTOR

R. J. K. S. K. Ranatunga .

* Introduction . )
Self-sufficiency in food is still a central theme in

discussions relating to national development: It has over °
" the past years received the attention of the State and other .

national organizations as well as the general public.
" Severalreports published during the past few years stressed
the need for mechanical aid for farmers. A recent World
. Bank report indicates that about 4000 tractors will be

. needed in the next three years if the country were to

. achieve greater agricultural productivity and expansion.
The import of two-wheel tractors for the purpose requires
an initial investment of about Rs. 30 million and a further
expense of well over Rs. 30 million for the purchase of
spare parts during the nominal life period of the tractors.

The past few years siw several attempts at manufac-

turing two-wheel tractors locally. State sector organi- -

zations, as well as private sector organizations were
involved in these attempts which proved to be rather

unsuccessful. The failure can be attributed to two key .

" factots:

(a) Some of the attempts were no more than merely

"duplicating some foreign design. The cost of the
product was high while the quality was pooz.

_ This is not surprising in view of the fact the

foreign desigris were meant for advanced manu-
facturing ‘systems and the production facilities
available locally wete not suitable for their pro-
duction. '

(b) nparab
reasonable cost lacked some important facilities
(such as gears, wheel:releasing clutches etc.).

It can be clearly seen that the attempts at manufac-

turing the tractors were made without due consideration

‘to the objective realities of the local situation sych as,

*"(a) The available facilities for the manufacture of

- "machine elements like gear wheels, splined shafts
etc. - .

. (b) Cost of producing the necessary components
. locally. : _ :

. (c) Availability of material (steels and non-ferrous

.- metals). . .

. (d) Market conditions. ,

. Thelocal consumer who has got used to good quality
.tractors with elaborate facilities was naturally reluctant
to changeover - to an inferior rival whose price was in

any case high. It is therefore necessary for a successful

designer to take full account of the aspects mentioned
" above and ensure that his product was competitive with
" the imported one in quality as well as cost. The present
" two-wheel tractor gearbox and transmission system
successfully designed and trial-produced at the Faculty
of Engineering, Peradeniya Campus was based on a
careful study of the various aspects referred to.

1. The design criteria

The design criteria were based on the following
observations about conditions prevalent in Sri Lanka.
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The designs which were produced at comparably.

1.1 Production facilities available
Production facilities in Sri Lanka for the ‘manu-
facture of machines are rather backward compared
to that of developed countries. The devéloped
countries employ highly sophisticated manufacturing
. systems such as computer-controlled systems using
advanced machine tools such as' numerically con-
trolled machines, automatic lathes, electro-chemical
machines, electro-discharge machines etc. The local
manufacturing facilities are mainly individual types
such as centre lathes, general purpose milling.
machines, low power presses and so on. -

Avyailability of materials ,

Sti Lanka has no metal extraction industry, this
makes the problem of raw materials somewhat:
serious. However, the availability of scrap steel in
large quantities locally has at least for the next few
years cased the problem in relation to cast iron.
Also mild steel is easily available in the local market. -

.

1.2

Availability of skilled labout

The average skilled wotkers of this country has not
been trained to think in terms of optimisation, pro-
duct quality and strict tolerances. The lack of -
training makes it not possible for the vast-majority.
‘to produce a° work from a somewhat complex
working drawing. :

1.3

Cost S :

The imported two-wheel tractor is available in the
market for a price ranging from Rs. 8000 - 12000. .
It is important that the locally produced tractor
cost no more than the imported one; has facilities such as’
large numbers of .forward gears and wheel releasing:
mechanisms; is easy to handle and versatile in application.’
The manufacture should be possible on - medium size
machines; permit large tolerances in - order that-even -
semi-skilled machinists can handle production; use cast
iron and mild steel to the full=st possible extent.:

2. The design of the prototype

The .components designed and developed in the
present work include a friction clutch at the input side,
a gearbox and a transmission unit incorporating 2 wheel
release clutch. (See Appendix 1 for the specifications:
of the unit). g ' :

Two-wheel tractors commonly use jockey pulley’
type clutches at the input side. These tend to get heated,
up during power transmission and suffer further dis-
advantages of belt slip- during engagement and dis-
engagement. Owing to frequent idling and éngaging,
the life of the belt is adversely affected. ‘This made'it
preferable to use a friction type clutch in ‘the present
design. (Figure 1). The clutch has the advantage of
smooth engagement and disengagement and incorporates
a locking action while engaged. The clutch is operated
by a push and pull type cable mechanism and is subject
to easy adjustment by changing the cable position.

1.4

~
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) liig. x. Gear Box & Transmission

The gear box used on the prototype is shown in

Figure 1. It has four forward gears and one reverse gear.
The first two of the forward gears are for working the
land and the other two for transport. The gear box use
simple spur gears-and no internal type gear wheels were
employed. This ensured that the gear wheels were easy
to manufacture with the only internal machining done
bzing spline cutting which in turn was done by broaching.
The design of the sliding gears (carrying two gears on
cach) was such that they could be cut on a general purpose
. milling machine using standard gear cutters. The-lay

- gear clusters A and B were built from individual gears,
force fitted to a splined shaft in otder that the following
problems were overcome.

(a) Inadequate facility for preparing blanks and cutting

wheels of the lay gear type.

(b) The need to have very few critical tolerances in

view of the lack of adequately skilled labour.

(c) Wastage of material in machining and the problems

of rejects.

The splines of the shafts were machined on a general
purpose milling machine using a splined cutter designed
and manufactured at the faculty workshop. The broaches
required for splining the wheels were also manufactured
at the faculty with medium carbon steel.
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. A survey of the two-wheel tractors in local use revealed
that no locally manufactured two-wheel tractor had a
wheel releasing mechanism. Some of the earlier imported
tractors too lack this facility. The absence of wheel
releasing mechanism makes the handling of the tractor
in the field rather fatiguing. :

Although some recent models of imported tractors
possess this facility, users have complained about axle
failure in some models. The axle failure in most of the
models was most probably due to the type of dog clutch
used and its 1ocation. The dog clutches are placed at the
final stage of the transmission where the torques are very
high and neatly all dog clutches appear to have no shock
absorbing facility.

The present design overcame these problems by placing
the dog clutch at an intermediate stage of transmission,
where torques ate relatively lower and by using a shock
absorbing mechanism (see Figures 2 & 3). The present
clutch while having the usual components of a dog clutch
has the torque transmitted through springs thus reducing
the shock load imposed on engagement. The clutch

* operating mechanism was designed in order to minimise

the number of components required and also to provide
positive action. The mechanism is operated by two
cables and two handles.

PUSH ROD

Fig. 2, Dog Clutch
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The two stages of the transmission employ two simple
spur gear drives. The double géar at the intermediate
stage. was designed and manufactured in two parts.
These were subsequently force fitted and welded together
after inserting load carrying pins. This eliminated the
need to use a gear shaper to machine this item.

The final stage of the transmission was designed so
that it along with hub and axle could be easily removed
from the casing thus faciljtating easy assembly and con-
venient repair. -‘The axles and gear wheels were fitted
together on splines with each of the axles mounted on
the hub on two ball bearings. The axles were splined

. with a ‘common gear cutter and the gear wheels were

broached with a broach mznufactured in the Engineering
PFaculty workshop.

A simple design was used for housing the gear box and
transmission. Problems in casting and machining were

taken full account of in the design. The gear casing was

cast in a -sand mould with an aluminium-copper alloy.

The machining operation for bearing, housings and.
drilling for fastening bolts was done on a simple vertical
miller, using the co-ordinates of the centres W1th respect
to the locating pins, -

The design of the case and the handle for the tractor
permits it to bs manufactured with facilities available at

. a blacksmith’s shop with little or no additional equipment. -
- The. design consists of a sheet metal case and steel tube’
.. handles. The geat lever was mounted on the sheet metal

case with a ball joint coupled to the gear changing mecha-
nism, through a simple universal joint. Ergonomic

.conslderatlons detenmned the locatxon of all handles .

and levers,

B

_— Fig 3. Dog Clutch Shaft -

" The engine which was 1mportcd (Shibuwa, petrol/
kerosene 75 ml) was mounted on an angle iron frame fixed
to the casing. This frame also could be manufactuted in

& blacksmith’s shop. -

3. Materials used

The following schcdule gives the materials used in
the prototype 7 : ;
Materials . -

: Componeﬂt: :
Mild steel . -.

1. All gear wheels, shafts (except
main axle), dog clutch gear
forks. ’ ;

Juinper steel’ .

2, Main axle
3. Gear casing Al - cu. alloy
4. Bush bearings Bronze

R E

Sprinis Spring steel ,

~
i

All mild steel components were: case hardened. using
a. powder developed at the Faculty of Engineering.*
The depth of the case selected is as follows

0.6 mm. for all 10 D®, gea: wheels
0.8 mm. forall 8D.P. gear wheels

Gear wheels

Shafts

0.4 mm.
Gear forks [ - 0.2 mm
. Pins - - ‘

4 Present state of the project
The prototype has been tested for power and strength;

" further texts for wear characteristics of components are in

progress. The load tests on the machine showed success-
ful results. Five thousand hours of testing tevealed no
signs of wear except for a initial sign of polish (the gear
wheels were not ground initially).

The tests proved to be satisfactory and an initial
batch of ten two-wheel tractors are now under production -
for the purpose of further field tests and investigation of
interchangeability and other problems of mass produc-

. tion. They are expected to be completed in the very near

future.

The estimated cost (mcludmg labour, depreciation of
machinery etc.) is about Rs. 6,000/-. It is estimated that
mass production- can cut this down to as low as Rs

$,000/-. .

1
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Appenduc 1 :
Specxflcatlons of the gear box and ttans‘miqslon

Coupling to engme——Belt driven through a friction
' clutch, -

Gear box and ‘transmission — All spur 'gear's with a
" spring loaded dog clutch for wheel release.
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Gear box reduction

First— 1:0.159
Second I:0.2§3
Thied— .1 : 0.485
* Fourth— 1 : 1.13
Reverse— 1 : 0.279

Reduction in the transmission— 1:o.101.
Design horsepower of the gearbox and transmission ==

7 hp. : _ '
Maximum road speed on top gear— 25 m.p.h.
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