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EDITORIAL

AMA’s Maiden Issue Now and Then

Twenty-eight years have passed when the maiden issue of AMA was published with the name
“Agricultural Mechanization in Southeast Asia”. I vividly recall that even in that year, population increase
and food shortages was already a critical issue. That issue is still very much alive these days even as the
importance of agricultural mechanization was, and still is, AMA’s rallying point. The economic gap between
developed and developing countries then, as now, prompted the AMA to come into view.

Then as now, AMA’s main concern is what we can do for the farmers in developing countries in terms
of reducing the gap between them and those in developing countries or those living in urban centers. And
in order to find solutions to the problem, AMA has since been linking agriculture and agricultural engineers
world-wide. Most of them, if not all, have been very cooperative indeed in sharing their expertise and
thoughts via AMA in matters of promoting agricultural mechanization. As a net result, not a few farmers
have constantly made efforts to influence other farmers to improve their living conditions through the
blessings of farm mechanization.

One wonders aloud how much longer it will be before the vast majority of farmers in developing countries
can enjoy good, hot meals and otherwise live a life of ease. Having attended to the publication of AMA for
28 years now, in my capacity as its publisher and chief editor, this question has since bothered me.

In less than a year from now, Y2K will be upon us — what with all the ugly rumors going around that
computer failure will create havoc in everyone’s lives.

As agricultural mechanization has become more dependent on electronics, and have made some headway,
it is unthinkable that large numbers of farmers still depend on animals for farm power.

As this overdue Spring Issue of AMA goes to the press [and we apologize for its delay due to circumstances
beyond our control], the 2-week old aerial bombing by NATO forces in Yugoslavia has unexpectedly made
miserable the lives of some 600 000 refugees fleecing from Kosovo to neighboring countries — a scenario
that will set back food production in those parts of Europe.

The AMA joins many others in wishing that the troubles in Yugoslavia will end soonest.

Yoshisuke Kishida
Chief Editor

Tokyo, Japan
April, 1999
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Tractor Industry in India

by

Summary

Tractor manufacturing in India
started in 1961. The tractor indus-
try has grown at a phenomenal pace
in the last 5 decades to achieve a
record production of over 255 000
units by 1997. It has emerged as one
of the leading producers of wheel
type tractors in the world. This
achievement reflects the dynamism
of the tractor manufacturers, as also
the pragmatic policies adopted by
the Government of India to enable
it to meet the growing demand of
tractors by the Indian farmers. By
the end of 1997, there were about
two million tractors and 66 000
power tillers in use on Indian farms.
The highest concentration of trac-
tors is in northern India having good
irrigation infrastructure. Punjab has
reached a saturation level with 82
tractors per 1 000 ha followed by
two neighboring states, Haryana
with 63 tractors per 1 000 ha and
Uttar Pradesh with 24 tractors per
1 000 ha. The sale of tractors con-
tinues to be high in the northern and
western states (Uttar Pradesh,
Punjab, Madhya Pradesh, Haryana,
Rajasthan, Gujarat and Maharashtra)
using dry land preparation and
growing mainly wheat. The annual
sale of power tillers has been only
about 10 000 units. Most of the
power tillers have been sold in rice
growing states, namely; West Ben-
gal, Tamil Nadu, Karnataka, Assam,

Gajendra Singh

Professor of Agricultural Engineering
Asian Institute of Technology
Bangkok, Thailand

Kerala and Andhra Pradesh. Easy
availability of agricultural credit has
contributed significantly towards
the growth of the tractor industry.

Introduction

Agricultural mechanization
made a small beginning with the
introduction of imported tractors
and by acquiring war surplus trac-
tors and bulldozers for undertaking,
basically, land reclamation and to
some extent mechanical cultivation.
In 1947, the Central tractor organi-
zation and a few State tractor orga-
nizations were set up, which, dur-
ing 1947-1959, reclaimed about one
million ha of land. This in turn cre-
ated demand for tractors to under-
take follow up cultivation in the re-
claimed areas. The number of trac-
tors in use (estimated by Jain, 1971)
was 8 500 in 1951, 20 000 in 1955
and 37 000 in 1960. Up to 1960, the
annual demand for tractors was met
entirely through imports.

When planned economic devel-
opment of the country was launched
in 1951, the tractor industry was in-
cluded in the ‘Core Sector’ which
indicated its strategic importance.
Its growth and development policies
were, therefore, reviewed on Plan to
Plan basis. As in the case of all other
industries, the farm equipment in-
dustry had to follow the legislation
enacted under Industrial Develop-

R.S. Doharey

Joint Commissioner (Machinery)
Ministry of Agriculture

New Delhi, India

ment and Regulation Act, 1951, the

main features of which were:

1. Reservation of certain sectors of
core and heavy industry for the
Government i.e., steel, machine-
tools, aircraft, etc.;

2. Reservation of certain class of
items exclusively for the defined
small scale sector;

3. Necessity of obtaining an indus-
trial license from the Govern-
ment of India for manufacturing
any new article when capital in-
vestment in land and building
exceeds Rs. 1.0 million;

4. Phased local manufacturing pro-

gram,;

. Imported plant and machine; and

6. Technical experts from collabo-
rators and training of Indian
counterparts.

A policy of protection of domes-
tic industry was introduced,
wherein; imports were totally pro-
hibited if local manufacturing capa-
bilities were adequate for meeting
demand. Import tariffs were levied
in other cases where local manufac-
turing, though set up, was inad-
equate, necessitating imports. As
industrialization progressed, ex-
emptions from licensing were liber-
alized first to Rs. 10.0 million, then
to Rs. 30.0 million, and further to
Rs. 50.0 million. During 1992-96,
licensing was further liberalized and
most of the industries were de-li-
censed. Development Councils for
various sectors of industry were also

wn
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set up at the national level to advise
the Government on the steps to pro-
mote and foster the industry. The
growth of the farm equipment in-
dustry in India has to be viewed in
the backdrop of this national sce-
nario.

Tractor Industry: 1961-70

The development of the tractor
industry in the 60s was dictated by
the anxiety to promote mechaniza-
tion of agriculture by encouraging
local manufacturing of tractors and
at the same time, protecting the in-
terest of farmers by making tractors
available at reasonable prices.
Tractor manufacturing in India
started in 1961. The names of the
units, their collaborators and the
year of commencement of local
manufacture are given in Table 1.
First four entrepreneurs were repre-
senting trading houses as dealer or
sub-dealer of tractors, the fifth,
Mahindra & Mahindra, was a major
player in the automobile sector.
These units were licensed in 1960-
61 with aggregate capacity to manu-
facture 11 000 tractors. Though all
these units went into production
subsequently, it was noted that the
pace of installation of production ca-
pacity was slow. On the other hand,
the demand for tractors was increas-
ing at a steep rate and expected to
grow further in the ensuing years.
Besides considering industrial li-
censes to add the additional produc-
tion capacity, import of tractors con-
tinued to meet the demand of farm-
ers. As the prices of tractors im-
ported from the East European
countries were lower than locally
manufactured tractors, the duties on
imported component were raised to
40%. Simultaneously, to protect the
interest of farmers in the situation
of acute shortage of tractors the
Government imposed statutory con-
trol on the selling prices of indig-
enously manufactured tractors in
1967. However, this control was

Table 1. List of Tractor Manufacturers, their Collaborators and Year of Commencement of

Production
Manufacturer Collaborator Year

Eicher Tractors Ltd. Gebr, Eicher Tractorenfabrik, West Germany 1961
Gujarat Tractors Ltd./Tractors and

Bulldozers Ltd. Motokov-Praha, Czechoslovakia 1963
Tractor and Farm Equipment Ltd. Messey Ferguson, UK 1961
Escorts Ltd. Moloimport Warazawa Zaklady 1964

Mechaniczne Ursus, Poland

Mahindra & Mahindra Ltd./ International Harvesters, UK 1965

International Tractor Co. of India Ltd.
+Escorts Tractor Ltd./Escorts Ltd. Ford, UK 1971

(Farmtrac Division)
Hindustan Machine Tools Ltd. Motokov-Praha, Czechoslovakia 1971

(Central Sector PSU)
*Kirloskar Tractors Ltd. Klochner-Humboldt Deutz, Germany 1974
Punjab Tractors Ltd. (State Sector) CMERI, India 1974
*Pittie Tractors Ltd. Own know-how 1974
*Harsha Tractors Ltd. Motoimport, Russia 1975
*Auto Tractors Ltd. British Leyland, UK 1981
**Haryana Tractors Ltd./Pratap Steel

Rolling Mills Ltd. Own know-how 1983
VST Tillers & Tractors Ltd. Mitsubishi, Japan 1983
*United Auto Tractors Ltd. Uzina Tractorul, Romania 1986
*Asian Tractors Ltd. Own know-how 1989
Bajaj Tempo Ltd. Own know-how 1997
International Tractors (Sonalika) Ltd.  Own know-how 1998
New Holland Tractor (India) Pvt. New Holland Tractors, Italy =k
Larsen & Tubro Ltd. John Deere, USA ++
Greaves Ltd. Same Deutz-Fahr, Italy ++

*Currently not in production
+Now producing Farmtrac tractors

Table 2. Model, Power Range and Indicative Price of Tractors in 1997

**Have been producing small quantities on “On & Off” basis
++Product under test and evaluation

Engine Max. PTO  SFCat Weight / *Price
Model No.of Capacity ~ Power — max.power PTO power (Sep. 30, 98)
Cylinders (cm?) (kW) (g/kWh) (kg/kW) (Rs)

Mahindra 225 DI 2 1261 12.0 271 142.92 176 950
Mahindra 265 DI 3 1788 22.8 249 76.10 200 395
Mahindra B-275 DI 3 1892 233 256 74.68 215383
Mahindra 365 DI 3 1810 21.9 255 78.54 208 797
Mahindra 475 DI 4 2384 29.0 238 61.38 235730
Mahindra 575 DI 4 2523 31.2 233 59.94 264 308
Swaraj 724 FE 2 1728 16.0 259 107.81 170 500
Swaraj 735 FE 3 2592 25.1 250 73.11 211 000
Swaraj 855 3 3308 339 257 57.27 263 000
Escorts 325 M 2 1795 16.6 288 100.00 174 700
Escorts 335 M 2 1 960 20.9 250 83.97 200 500
Escorts 340 M 3 3120 332 339 54.97 228 000
Escorts 355 M 3 2727 29.6 245 62.67 247 000
Farmtrac 50 3 2 868 31.0 297 59.35 269 000
Farmtrac 60 3 3147 333 253 59.31 298 000
TAFE 25 DI 2 1670 1747 269 90.41 176 340
TAFE 30 DI 3 1788 25.1 258 65.74 213273
TAFE 1035 DI 3 2 365 24.9 243 65.66 218 738
MF 245 3 2500 30.5 256 58.20 256 475
Eicher 241 NC 1 1557 15.1 262 109.93 162 075
Eicher 242 NC 1 1 558 14.1 267 114.54 165 620
Eicher 312 2 1790 20.3 259 85.47 184 745
Eicher 364 NC 2 1963 229 272 76.20 204 035
HMT 2522 Edi 2 1 560 16.1 266 102.48 180 950
HMT 3511 3 2 340 2215 254 84.44 211214
HMT 4511 3 2698 30.5 274 69.67 249 381
HMT 5911 4 3456 372 264 63.71 312 391
Hindustan G 312 2 1798 18.7 271 91.18 133 184
Hindustan G 453 DI 3 2697 323 290 61.61 242 903
Hindustan Super G 614 4 4160 39.2 285 68.88 277 902
Hindustan G 614 4 4667 48.9 277 55.52 307 066

*US$1 =42 Indian Rupees (Rs)

withdrawn in October 1974 when
the supply position was eased. To
meet the growing demand, the Gov-
ernment decided to invite additional

entrepreneurs into tractor manufac-
ture in 1968. As given by Mehta
(1989), the production of tractor
started in 1961 with 880 units which
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Table 3. Production, Sale and Population of Tractors

Year Production Import Export Sale Population*
Upto 1946 0 4 500 0 4500 4500
1947-51 0 4 000 0 4 000 8 500
1952-56 0 12 500 0 12 500 21 000
1957-60 0 16 000 0 16 000 37 000
1961 880 2998 0 3877 39 000
1962 1414 2616 0 4030 41 000
1963 1983 2 346 0 4329 43 000
1964 4323 2323 0 6 646 47 000
1965 5673 1989 0 7 662 52 000
1966 8816 2591 0 11407 62 000
1967 11394 4038 0 15432 76 000
1968 15 466 4726 0 20192 93 000
1969 18 093 10 478 0 28 571 118 000
1970 20 099 13 300 0 33 399 146 000
1971 18 100 19 739 0 37 839 176 000
1972 20 802 1 000 0 21 802 210 000
1973 24 425 1 000 0 25 425 228 000
1974 31 088 798 0 31881 256 000
1975 331252 1100 0 34 352 287 000
1976 33 146 2920 0 36 066 319 000
1977 40 946 0 0 40 946 356 000
1978 54 322 0 0 54322 406 000
1979 62275 0 0 62 275 462 000
1980 71024 0 0 72 012 526 000
1981 84 137 0 0 79 467 594 000
1982 63 155 0 0 65 776 644 000
1983 75 872 0 0 76 545 701 000
1984 84 876 0 0 82 390 754 000
1985 75 550 0 0 76 817 798 000
1986 80 369 0 0 80 670 841 000
1987 92 092 0 0 92 092 911 000
1988 109 987 0 0 109 987 996 000
1989 121 624 0 0 121 624 1 085 000
1990 139 831 0 458 139 373 1 190 000
1991 150 556 0 583 149 973 1 304 000
1992 144 350 0 1174 143 601 1 407 000
1993 138 770 0 1498 138 057 1 491 000
1994 164 841 0 3038 164 309 1 593 000
1995 191 329 0 3454 191 196 1712 000
1996 221 689 0 3719 220941 1 853 000
1997 255 327 0 7 000 250 378 2 038 000

*Based on estimated life of 15 years

rose to over 5 000 units in 1965 and
crossed 20 000 units in 1970
(Table 3). There were about 52 000
tractors in use in 1965, which in-
creased to 146 000 units in 1970.

Tractor Industry: 1971-80

The Government decision to in-
vite new entrepreneurs to manufac-
ture tractors in 1968 and the sudden
upsurge in demand due to the Green
Revolution led to a flood of requests
for new collaborations. Of these
only 6 units established the manu-
facturing facilities (Number 6 to 11
in Table 1). Escorts established the
Escort Tractors Limited and started
manufacturing Ford tractors in 1971
in collaboration with Ford, UK.
Three of these units, namely;
Kirloskar Tractors, Harsha Tractors
and Pittie Tractors could not survive

and closed down their plants. Dur-
ing this period, the emphasis was on
indigenous production of tractors
and the Government extended full
support to old and new entrepre-
neurs to establish local manufacture.
The credit facilities to the farmers
for the purchase of tractors were in-
creased and liberalized to enlarge
the market. The import of tractors,
both fully built and in CKD form to
new entrepreneurs was continued.
Because of the oil crisis in 1973, and
the resultant economic crisis, the
import of fully built tractors was
banned in 1973 except under spe-
cific World Bank Projects and CKD
import to new entrepreneurs in the
process of establishing local pro-
duction facilities. With more manu-
facturers entering the field in a stag-
nant demand situation, the market
became intensely competitive from
1973 onward. The Statutory Price

Control on tractors was lifted in
October 1974. As a result of Gov-
ernment directive to the commercial
banks to increase their proportion
for rural lending, the commercial
banks opened branches in rural ar-
eas. This action was supported by
the availability of refinance facili-
ties to commercial banks for agri-
cultural development from National
Bank for Agriculture and Rural De-
velopment. Credit available to farm-
ers increased significantly and the
tractor market expanded rapidly
from the beginning of 1977. The
production of tractors more than
doubled during a five-year period.
It was 33 000 units in 1975 and in-
creased to over 71 000 units in 1980
(Table 3). The number of tractors in
use also crossed the 500 000 units
mark.

Tractor Industry: 1981-90

The expansion in the tractor mar-
ket during the late seventies led to
the setting up five more units for the
manufacture of tractors. One of
these was in the public sector in col-
laboration with an U.K. firm and the
rest were in the private sector. Only
one firm in private sector had col-
laboration with an outside (Roma-
nian) firm and others used indig-
enous know-how. These units are
listed in Table 1 at serial numbers
12 to 16.

After having attained complete
indigenous production by most of
the already established tractor units,
the post-1980 period was marked by
increased production from all units.
However, except VST Tillers &
Tractors, other four newly estab-
lished units during the eighties
could not sustain the market com-
petition and closed their plants. In
order to make available tractors to
the farmers with small holding of
land, the Government exempted
production tax (excise duty) for trac-
tors of 12 and lower drawbar horse-
power. This exemption was ex-
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tended to the tractors fitted with en-
gine not exceeding 1 800 cubic cen-
timeters, subsequently. This phase
of the industry was comprised of
consolidation and upgrading of
technology to improve the quality of
products. The Working Group in the
Ministry of Industry and later on a
Group in the Ministry of Agricul-
ture, recommended to improve fuel
efficiency of tractors by fixing
norms of specific fuel consumption
at power take-off shaft. They also
recommended improving the pa-
rameters of noise and vibration lev-
els, emission levels, ergonomics and
safety aspects. The industry grew
slowly in the early eighties and pro-
duced about 75 000 tractors in 1985
(Table 3). In the later half of eight-
ies the industry grew very fast and
produced almost 140 000 tractors in
1990 (Table 3). The number of trac-
tors in use in India reached one mil-
lion units mark in 1989 and in 1990
the population of tractors was esti-
mated to be 1.2 million units. Ex-
port of tractors mainly to the Afri-
can countries, also started in the
eighties. Thus, India, a net importer
up to mid-seventies became an ex-
porter during the eighties.

Tractor Industry: 1991-98

The Indian industry has seen a re-
markable change from a complete
protection in early days to a compe-
tition in the international market
during nineties. Government ap-
proval and obtaining industrial li-
cense for manufacture of tractor was
dispensed with in 1992. The foreign
companies can also take up tractor
production in India, after following
prescribed procedure or obtaining
approval from the Government.
However, the import of fully built
tractor has been restricted presently
and the same can be imported
against import license or public no-
tices issued in this behalf. Credit
facilities to the farmers for the pur-
chase of tractors have been contin-

ued. The collaboration of Escorts
with Ford came to an end in 1994
and Escorts started to produce
Farmtrac tractor in place of Ford
tractor. Haryana Tractors (S. No. 13,
Table 1) has been producing trac-
tors on a very irregular basis. Bajaj
Tempo started manufacturing in
1997 and International Tractors
(Sonalika) started production in
1998. The production of tractors
from all units during 1997 was over
255 000 units (Table 3). The num-
ber of tractors in use in India at the
end of 1997 was estimated to be
over two million units.

Present Status and Future
Plans of the Tractor Industry

The tractor manufacturing indus-
try is now well established in India.
Of the 16 units who took up manu-
facturing before 1990, six units,
namely, Eicher, Escorts, HMT,
Mahindra & Mahindra, PTL and
TAFE are major manufacturers
(Table 6). Of the six units, five were
set up with foreign collaborations
and one with indigenous know-how
(Punjab Tractors). Therefore, it may
be said that the establishment and
present status of the tractor industry
in India owe a great deal to the for-
eign collaborators who supported
the Indian entrepreneurs during the
initial phase of manufacture. All
these six units are now on their own
and having mastered the manufac-
turing technology of tractor, have
developed capabilities to expand
their base further. Ancillaries have
also been well established and the
industry is no longer dependent on
import of components or systems.
Mahindra & Mahindra has emerged
as the largest manufacturer with
about 68 000 tractors produced in
1997. TAFE and Escorts with about
49 000 and 48 000 units each follow
it, respectively. The Punjab Tractors
produced over 40 000 units.

Three manufacturers who are
likely to start production in near fu-

ture are listed at serial numbers 19
to 21 in Table 1. New Holland Trac-
tor (India) launched 70 hp Ford trac-
tors with matching equipment in
April 1998. The company is mak-
ing US$75 million initial invest-
ment in a state of the art plant in
Greater NOIDA, Uttar Pradesh with
an initial capacity to produce 35 000
tractors annually. The Larsen &
Toubro (L&T) is establishing a joint
venture with John Deere of the
USA. This joint venture will manu-
facture 35-65 hp tractors in a plant
in Pune, Maharashtra. SAME
Deutz-Fahr, Italy is developing a
joint venture with Greeves Limited
to produce SAME brand of tractors.
Case and M&M are developing a
joint venture for producing tractors
in the range of 60-200 hp for the
export to South America. With the
entry of new European tractor
manufacturers into India, technol-
ogy and sophistication is expected
to improve further in the near future.
The production is expected to rise
to an estimated level of about
300 000 tractors by the year 2000.
The growth of physical output of
tractors is accompanied by a signifi-
cant increase in the number of mod-
els produced with different horse-
power ranges to meet the diverse
needs of the farmers. For instance,
during initial years, when the pro-
duction of tractors began in the
country only a few models were pro-
duced and the same have now in-
creased to over 40 numbers, in the
power range of 11 kW to 50 kW at
power take-off shaft. A few techni-
cal details of the tractor models pro-
duced in India are given in Table 2.
The increase in the power range is a
reflection of the preference of the
tractor purchasers, which is com-
posed of large, medium and small
farmers as well as entrepreneurs
who provide custom hire services.

Power Tiller Industry

The import of power tillers
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started in 1961 and continued till
1974. A total of 12 211 power tillers
were imported from Japan during
this period (Table 5). Initially, six
manufacturers were given license to
make 40 000 power tillers annually
(Table 4). Krishi Engines limited;
Hyderabad was the first manufac-
turer to start the production of Krishi
power tillers in 1965. In 1970, three
manufacturers, namely; VST Tillers
& Tractors Limited (Mitsubishi),
Maharashtra Co-operative Engi-
neering Society (Yanmar) and
Kerala Agro-Machinery Corpora-
tion (Kubota) started production of
power tillers. The production of
Yanmar power tillers was discontin-
ued in 1977. In 1971 Indequip En-
gineering Limited started produc-
tion of Iseki power tillers and dis-
continued production in 1977. The
J K Satoh Agricultural Machines
Limited started production of Satoh
power tillers in 1973 and discontin-
ued production in 1985. Production
of Krishi power tiller was discontin-
ued in 1986. The Bihar Agro-Indus-
tries started producing Kubota
power tillers in 1975 but discontin-
ued production in 1989. The Na-
tional Engineering Company started
producing National power tiller in
1984 and closed production in 1989.
The Dogar Tools Private Limited
started production of Universal
power tiller in 1984 and stopped
production in 1994. Details on
manufacturers are given in Table 4.
At present there are only two well
established manufacturers, namely;
VST Tillers & Tractors Limited,
Banglore and Kerala Agro-Machin-
ery Corporation, Ernakulam pro-
ducing about 10 000 power tiller
units per year.

Recently a new manufacturer,
Kalinga Engineers Limited,
Bhubaneshwar has started to pro-
duce 3-hp power tiller in small
quantities. Another manufacturer,
Field Worthy Equipment Pvt. Ltd.,
Ahmedabad, Gujrat is also planning
to produce 5-hp power tillers. A
number of companies in West Ben-

Table 4. Power Tiller Manufacturers

3 Size Continuing
Manufacturer Make (hp) Staced Closed
Krishi Engines Ltd., Hyderabad Krishi 5-8 1965 1986
VST Tillers & Tractors Ltd., Banglore ~ Mitsubishi ~ 8-10 1970 Continuing
Maharashtra Co-op. Engg. Socicty, Kolhapur ~ Yanmar 8-12 1970 1977
Kerala Agro Machinery Corp., Ltd., Emakulam  Kubota 8-12 1970 Continuing
Indequip Engineering Ltd., Ahmedabad Iseki 5-7 1971 1977
J K Satoh Agricultural Machines Ltd., Kanpur Satoh 7-9 1973 1985
Bihar Agro-Industries Corp. Ltd., Patna ~ Kubota 8-12 1975 1989
National Engineering Company, Chennai  National 6.5 1984 1989
Dogar Tools Private Ltd., Raipur Universal 6.5 1984 1994
Kalinga Engineers Ltd., Bhubaneshwar ~ Kalinga 3 1997 Starting
Table 5. Production, Sale and Population of Power Tillers
Year Production Import Export Sale Population*
1961 0 2 0 2 2
1962 0 22 0 22 24
1963 0 12 0 12 36
1964 0 173 0 173 209
1965 329 983 0 1312 1521
1966 Syl 1101 0 1678 34199
1967 171 1271 0 1 442 4641
1968 286 994 0 1280 5919
1969 314 961 0 1275 7172
1970 1387 1 030 0 2417 9577
1971 1081 24523 0 3604 13 008
1972 1199 1072 0 2271 13 967
1973 1 526 1107 0 2633 14 922
1974 2142 960 0 3102 16 582
1975 2617 0 0 2617 17919
1976 1 949 0 0 1 949 18 593
1977 1 602 0 0 1 602 17 778
1978 2297 0 0 2297 16 471
1979 2576 0 0 2576 16 776
1980 2125 0 53 2072 16 215
1981 2.352 0 59 2293 15 406
1982 2248 0 140 2108 14 897
1983 2751 0 107 2 644 15 592
1984 4244 0 184 4 060 18 050
1985 3917 0 21 3896 19 649
1986 3527 0 0 31527 20 600
1987 3258 0 0 3258 21786
1988 4923 0 0 4923 24 416
1989 5324 0 10 5314 27 622
1990 6 194 0 11 6183 31 161
1991 7573 0 60 7513 34614
1992 8 74 0 22 8 721 39 439
1993 9 406 0 96 9310 45222
1994 8315 0 294 8021 49 985
1995 10 375 0 256 10 119 55181
1996 10 048 0 3 10 045 59912
1997 12 200 0 0 12 200 65 929

*Based on estimated life of seven years

gal and TamilNadu are importing
power tillers from China.

Though there is encouraging
trend in the production of power
tillers the present production of
10 000 units per year is only 25%
of the installed capacity of 40 000
units. In the recent past the sale of
power tillers has increased signifi-
cantly and the situation is highly
favorable with the introduction of
subsidy by the central government
and many state governments. Devel-
opment of several new matching
equipment and R&D support by

ICAR are contributing towards in-
creased use of power tillers.

Population of Tractors and
Power Tillers

The annual production and an-
nual sale of tractors and power
tillers are given in Tables 3 and 5,
respectively. Data on annual sales of
tractors during the last five decades
clearly show that these sales more
than doubled in the next decade. It
is expected that by the year 2000 the
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Table 6. Tractor Sales of Major Manu-
facuters
Company/Make 1995 1996 1997
Eicher 21875 23129 24255
Escorts(+Farmtrac) 38 597 43442 48329
Gujrat (Hindustan) 1807 1354 1115
HM.T. 16981 19018 19275
Mahindra & Mahindra 50 005 57 379 67 779
Punjab (Swaraj) 26315 33034 40245
TAFE 36370 43585 49160

Note: The data include sales from April of
the stated year to March of next year.

sale of tractors in India will be
around 300 000 units. Assuming the
life of tractors as 15 years and power
tillers as seven years, based on their
sales, the population of tractors and
power tillers in different states was
estimated. The population density of
tractors and power tillers was com-
puted by dividing their respective
numbers by the agricultural land
area of a state. These population
densities of tractors and power
tillers as units per 1 000 ha for dif-
ferent states are given in Table 7. It
is clear from the Table 7 that in
1997 Punjab had the highest density
of tractors with 82 tractors per 1 000
ha. This was followed by neighbor-
ing states of Haryana (63 tractors
per 1 000 ha) and Uttar Pradesh (24
tractors per 1 000 ha). Although the
sale of power tillers has been rather
small in India most of these have
gone to rice growing states like
West Bengal, Tamil Nadu,
Karnataka, Assam, Kerala and
Andhra Pradesh.

The easy availability of the
agricultural credit has contributed
significantly towards the growth of
the tractor industry, as more than
90 percent tractors are sold on
credit. The Reserve Bank of India
has also proposed to increase the
capital of the National Bank for
Agriculture and Rural Development
(NABARD) from Rs 5 000 million

Table 7. Population and Density of Tractors and Power Tillers, 1997

Agri. Land Tractor Power tiller
State X - 2 - -
1000 ha Population Density/000 ha Population Density/000 ha

Andhra Pradesh 14 460 100 067 6.92 3564 0.22
Assam 3205 6434 2.01 6127 1.73
Bihar 10 743 74 130 6.90 735 0.06
Goa 67 126 1.88 813 11.00
Gujrat 10 292 146 528 14.24 1710 0.15
Haryana 3711 233 376 62.89 21 0.01
Himachal Pradesh 1010 2189 2.17 12 0.01
Jammu & Kashmir 1014 3717 3.67 23 0.02
Karnataka 12 321 73 856 5.99 9227 0.68
Kerala 1796 7708 4.29 5121 2.59
Madhya Pradesh 22 111 195 108 8.82 407 0.02
Maharastra 20925 110763 5.29 3153 0.14
Manipur 175 357 2.04 845 4.38
Orissa 5296 12 989 2.45 1 551 0.27
Punjab 4033 332675 82.49 21 0.00
Rajasthan 20971 175 288 8.36 32 0.00
Tamil Nadu 7474 85 062 11.38 12 399 1.50
Uttar Pradesh 17 986 434 412 24.15 255 0.01
West Bengal 5656 16 121 2.85 17 396 2.9,
Other states™ 2123 il 0.04 2237 0.96
Union Territories 140 4568 32.63 281 1.82
Total 165509 2015551 12.18 65 929 0.40

to Rs 20 000 million to help it meet
the needs of the rural sector better.
Punjab with over 80 tractors per
1 000 ha has reached a saturation
point and will have mainly a re-
placement market. Haryana, with
over 60 tractors per 1 000 ha, will
reach a similar position in the next
five years. The sale of tractors will
continue to be very high in northern
and western India, especially in
Uttar Pradesh, Madhya Pradesh,
Punjab, Haryana, Rajasthan,
Gujarat and Maharashtra. The sale
of tractors is expected to increase
significantly in the southern states,
namely; Andhra Pradesh, Karnataka
and Tamilnadu.

The average size of tractor in In-
dia at present is about 35 hp which
is expected to increase slowly to 45
hp in year 2020. The present popu-
lation of two million tractors in In-
dia is expected to increase to about
five million in 2020. The annual sale
of tractors in India is expected to
increase to about 320 000 units. The
average size of power tiller in India

at present is about 10 hp. The
present population of 66 000 power
tillers is expected to grow quite rap-
idly to 300 000 units in 2020 with
annual sales reaching over 50 000
units.
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Abstract

A standard model was estab-
lished for the prediction of repair
and maintenance costs of the me-
dium-size, two-wheel drive, diesel
engine tractor in Sudan. The model
was derived based on data collected
over a ten-year period, from several
locations in Sudan, and it predicts
repair and maintenance costs as a
power function of tractor cumula-
tive use in hours. The model showed
that the tractor cumulative use in

hours was the major determinant of

the tractor repair and maintenance
costs. It also revealed that a number
of other factors, which were not
quantified in this study due to lack
of information, influenced repair
and maintenance costs but to a lesser
degree as compared to cumulative
use. Those factors include: mainte-
nance management; operator skill
and attitude; working conditions;
availability of replacement parts at
the appropriate time; and tractor de-
sign features. Comparison of Sudan
standard prediction model with
similar models established in some
industrial and developing nations
revealed that the estimates of repair
and maintenance costs of the agri-

cultural tractor in Sudan were sig-
nificantly higher when compared
with industrial countries. However,
when compared with other develop-
ing countries, there was no signifi-
cant difference between the esti-
mates for Sudan and those of other
developing countries.

Introduction

Agriculture plays a great role in
the economy of Sudan. Agriculture
in Sudan is generally characterized
by predominantly government
owned land with varying degree of
government intervention in their
management. Farming in the Sudan
is largely under mechanized with al-
most 75% of the rain-fed area still
relying on manual cultivation. How-
ever, the government conceives ag-
ricultural mechanization as a major
component of any agricultural de-
velopment strategy and production
expansion process. The agricultural
tractor represents the central com-
ponent of any mechanized farming
system in Sudan since it is the most
frequently used piece of machinery.
Repair and maintenance costs are a
small but relatively important por-
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tion of the total costs of owning and

operating farm machinery. Esti-

mates of repair costs are important
tools that assist in tractor replace-
ment decisions and in developing an
optimal policy in order to minimize
those costs over the useful and eco-
nomic life of the tractor.

The objectives of this study were:

1. To develop a standard prediction
model for repair and maintenance
costs of the medium-size, diesel
engine, two-wheel drive tractor
in Sudan;

2. To investigate the major factors
which influence repair and main-
tenance cost; and

3. To compare the established
model with similar models in in-
dustrial and developing coun-
tries.

Literature Review

Very little data concerning repair
and maintenance costs of the agri-
cultural tractors were available for
developing countries with no infor-
mation available at all for tillage and
harvesting machinery. Most surveys
conducted in developing countries
involved small samples of tractor
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population (Beppler and Hum-
meida, 1985). Previous investiga-
tions and studies indicated that
using American and European data
in estimating repair and mainte-
nance costs of tractors in develop-
ing countries produced unrealistic
and misleading estimates (Inns,
1978; Hanna and Younis, 1987;
Adekoya and Oteno, 1990 and
Suhaibani and Wahby, 1995). Re-
pair and maintenance costs of agri-
cultural machinery were highly
variable. They were expected to
vary from one part of a country to
another because of differences in
soil, weather and production system
(Hunt and Fuji, 1976). A best model
structure which well suited for the
prediction of repair and mainte-
nance costs of machines was a
power function of the form (ASAE,
1989):

Yi=aX®

Where “Y” was the total cumulative
repair and maintenance costs in per-
cent of the machine initial purchase
price, while the independent vari-
able “X” was the machine cumula-
tive use in hours. The constants (a)
and (b) were model parameters es-
tablished for each case. The model
assumed that a machine cumulative
repair and maintenance cost was a
function of its cumulative use in
hours. The parameters of the model
varied with a complex of factors
such as machine maintenance man-
agement, working conditions, skill
and attitude of the machine opera-
tor, machine design features, size of
samples surveyed, accuracy of data
keeping systems and operational
systems adopted (Larson and Bow-
ers, 1965; Bowers and Hunt, 1970;
Furrow et al., 1980; Ward et al.,
1985; Rotz, 1987; Morris, 1988 and
Ward, 1990). The prevailing high
inflation rates suggested that the
model developed to predict repair
and maintenance costs should
include an inflation factor (Smith
and Oliver, 1974; Bloome et al.,

1975; Peterson and Mitligan, 1976;
Schaney and Finner, 1981; Rotz
et al.,, 1981 and Mitlal and Kaul,
1984).

Methodology

A field survey of a number of
management parameters, including
repair and maintenance expenditure
(parts and labour) and the respective
annual use in hours for a medium-
size, diesel engine, two-wheel drive
tractor, operated in different loca-
tions in Sudan was conducted. The
locations were selected to represent
the main agricultural production
systems adopted in the Sudan.
Selection was operations whose
management had been maintaining
relatively appropriate and reliable
operation and management data-
system.

The total number of tractor popu-
lation surveyed was 250 units. The
data was collected from the tractor
logbook and it included: tractor
make and model; date of purchase;
initial purchase price, tractor regis-
tration; chasis and engine numbers;
detailed repair and maintenance ex-
penditure (parts and labour); and the
annual use in hours. In addition,
staff (agricultural engineers, main-
tenance management personnel)
were interviewed. As the accumu-
lated hours for tractors were not
known in all cases, tractors of the
same age were grouped together and
the mean use (hours) for each group
together with the mean annual repair
and maintenance expenditure of that
group were calculated for each year/
group by summation of the total
mean annual use for all years up to
and including that year. The same
procedure was followed in obtain-
ing the total accumulated expendi-
ture (Ward et al., 1985). Statistical
analysis of the data was
performed using the statistical pro-
cessing system (SPS) computer
program on IBM-586 compatible
personal computer. All monitored

costs in this study were accrued over
a period of 10 years during which
the inflation rate was remarkably
high. Consequently, an average in-
flation rate (30%) was used to ad-
Jjust those prices and costs (Bank of
Sudan Annual Report, 1987-1988).
Tractor accumulated use (hours)
was linearly correlated with the
average annual repair and mainte-
nance costs per hour per 1 000’s ini-
tial purchase price of the tractor.
Simple linear and non-linear regres-
sion models were established using
data transformation methods (Neter
and Wasserman, 1974). Total repair
and maintenance costs expressed as
a percentage of the tractor initial
purchase price were calculated from
the established best fit model equa-
tion. The data was then set and
analyized using (MSTAT) statisti-
cal computer program (Freed and
Eisensmith, 1989). Analysis of vari-
ance and mean tests were per-
formed. The prediction model was
established by the integration of the
best model equation.

Results and Discussions

The analysis of data showed that
the logarithmic regression model
was the best fit. Table 1 shows a
summary of the analysis of variance
(ANOVA) of the logarithmic model
data. The linear model was also
tested for comparison and it yielded
relatively weaker correlation (12 =
0.54). The retransformed logarith-
mic model equation was:

Y =(6.07 X')10¢ ()

Where :

Y = average repair and mainte-
nance costs/h/1 000’s tractor
initial purchase price,

X = tractor cumulative use (h).

On integrating equation (1) and ex-
pressing the cumulative repair and
maintenance costs in percent of trac-
tor purchase price, it yielded the fol-
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Table 1. Regression Function of the Logarithmic Model Table 2. Comparison of Repair and Maintenance Cost Model for

Original equation IS F  Integrated equation Sudan with Industrial Countries
LogY =5.216 + 1.41logX Source Equation Average ratio
givin 0.6 327.1 Y =(2.53X24)107 between Sudan and
Y = (6.076X')10° Industrial country
Bower and Hunt (1974) USA Y = (3.58X!%)10- 5
ASAE (1989) USA Y = (1-2X3)10* 6
Morris (1988) UK Y =(9.96X'4%)10-3 5
Ward et al (1981) Ireland Y = (4.82'9)10-¢ 3
This study (Sudan) Y =(2.53229107 —
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Fig. 1 Accumulated repair and maintenance cost in Sudan tractor as

a function of cumulative use.

lowing equation which represents
the prediction model for Sudan:
Y =/(2:53 X210 2)
where
Y = accumulated repair and main-
tenance costs in par cent of
tractor initial purchase price.
The analysis of the data indicated
that repair and maintenance costs
increased proportionally with trac-
tor cumulative use in hours. The co-
efficient of determination (r* = 0.6)
indicated that the available data re-
flected that the tractor cumulative
use in hours could adequately ex-
plain variation in repair and main-
tenance costs. However, it also sug-
gested that repair and maintenance
costs were affected by other factors
which could not be quantified in this
study due to lack of information.
The surveys and interviews con-
ducted revealed that these factors
included, maintenance manage-
ment, skill and attitude of tractor
operator, working conditions, pro-
duction system, availability of re-
placement parts at the appropriate
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Fig.2 A comparison of tractor repair and maintenance cost in Sudan

with the cost in some industrial countries.
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Fig. 3 A comparison of tractor repair and maintenance cost in Sudan
with the cost in some developing countries.

time, and tractor design features.
Figure 1 shows the model predic-
tion curve indicating that the repair
and maintenance costs were increas-
ing as cumulative use in hours in-
creased. Figure 2 compares the trac-
tor repair and maintenance costs
prediction model for the Sudan with
similar models established for in-
dustrial countries. Table 2 shows
that the Sudan predicted estimate of
tractor repair and maintenance costs
were highly significant when com-
pared with industrial countries’ es-

timates.

Sudan estimate was five-fold that
of USA and UK (Bowers and Hunt,
1974 and Morris, 1988, respec-
tively) and threefold that of Ireland
(Ward et al., 1981). This result was
attributed to a number of reasons:
i) Sudan relied on imported re-

placement parts which were pro-

hibitively expensive;

i) Poor repair and maintenance fa-
cilities, specially preventive
maintenance;

iii) Unavailability of replacement
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parts at the appropriate time due
to scarcity of foreign exchange
and long procedure of procure-
ment; and

iv) Poor skill of tractor operators
due to inadequate training facili-
ties and low salaries and incen-
tives.

Figure 3 shows the comparison
between Sudan estimate and simi-
lar developing countries estimates.
The comparison indicated that there
was no significant difference be-
tween Sudan estimate and those
countries’ estimates. The compari-
son between Sudan estimate and
other countries estimates indicated
that using American and European
established prediction models in es-
timating repair and maintenance
costs for tractors in developing
countries would produce lower and
misleading estimates.

Conclusions

Based on the analysis of data uti-
lized in this study the following
groups of conclusions can be drawn:
1. Correlation between repair and

maintenance costs in percent of

tractor initial purchase price and
tractor cumulative use in hours,

would best be described by a

power function equation of the

form Y = aX". The established
prediction model for repair and
maintenance costs for Sudan

was: Y = (2.53 X2%) 107
2. Tractor cumulative use in hours

was the major determinant of re-

pair and maintenance costs.

3. Other factors which were not
quantified in this study influ-
enced tractor repair and mainte-
nance costs, however, their influ-
ence was not of the same weight
as tractor cumulative use. These
factors include: maintenance
management, skill and attitude of
tractor operator, working condi-
tions, availability of parts at the
appropriate time and tractor de-
sign features.

4. Sudan estimate of repair and
maintenance costs was five-fold
that of USA and UK and three-
fold that of Ireland. However,
there was no significant differ-
ence between Sudan estimate and
other developing countries esti-
mates investigated in this study.
Consequently, using prediction
models of American and Euro-
pean countries to estimate repair
and maintenance costs of tractors
in developing countries would
produce lower and misleading
estimates.
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Abstract

Standard repair and maintenance
cost models for the medium size die-
sel engine tractor were established
and compared among the four agri-
cultural schemes in Sudan. Those
schemes are all government owned
and are allocated for different crops
following various production sys-
tems, and adopting deviant opera-
tion management. The established
models were based upon data col-
lected over a 10-year period and it
included repair and maintenance
expenditure (parts and labour),
maintenance management param-

eters, training and experience of

tractor operators and maintenance
personnel, salary scales and incen-
tives, infrastructure (roads and com-
munication), tractor acquisition cost
and its design features and facilities
for replacement parts availability at
the appropriate time. The analysis of
data indicated that the correlation
between tractor accumulated repair
and maintenance costs and its cumu-
lative use in hours was best de-
scribed by a power function (Y =
aX") for each and every scheme but
with different parameters (a, b). The
comparison of the established

models among the four surveyed
schemes indicated that tractor cu-
mulative use in hours was the major
determinant of tractor cumulative
repair and maintenance costs in the
case of Sudan Gezira Board (SGB)
and Kinana Sugar Company (KSC)
(r* = 0.79 and 0.76, respectively).
However, its influence in the case
of New Halfa Agricultural Corpo-
ration (NHAC) was moderate (r* =
0.40) and in the case of Sim Sim
Dryland Agricultural Project (SDAP)
its influence was very low (r>=0.14).
It also indicated that KSC had the
lowest costs followed by SGB and
NHAC. The reasons for lower costs
were attributed to the relatively bet-
ter maintenance facilities and avail-
ability of replacement parts at the
appropriate time, availability of bet-
ter training facilities for operators
and maintenance personnel, better
infrastructure and relatively better
salary and incentives scale.

Introduction

Sudan is a country with a rela-
tively large area (2.4 km?) encoun-
tering sizable fertile lands. More
than 35 million ha in Sudan are ar-

Amir B. Saeed

Assoc. Prof. of Agr. Eng. and Head
Department of Agric. Eng.
Khartoum University

Shambat

Sudan

Imad Haffar,

Assoc. Prof. of Agric. Eng.
Faculty of Agricultural Sciences
United Arab Emirates University
PO Box 17555, Al-Ain,

U.A.E.

able in addition to about 100 million
ha that are potentially suitable for
animal and forestry. Earliest adop-
tion of an agricultural mechaniza-
tion system in the Sudan was in mid-
1920s when the Gezira Agricultural
Board scheme, a government owned
project that represented the largest
irrigation scheme under one man-
agement in the world (882 000 ha),
expanded after the completion of
Sinar Dam on the Blue Nile river.
This scheme has since maintained
its operation size and production
mandate (cotton, wheat and ground-
nuts). A new era in agricultural
mechanization followed during the
Second World War as a result of the
government efforts to alleviate food
shortage during that period. Conse-
quently, the government established
sorghum production schemes in the
rainfed area of the eastern Sudan.
Further major changes in Sudan ag-
riculture occurred in the mid 1960s
with the introduction of agricultural
reforms, leading to dramatic shifts
in land tenure systems and the con-
sequent rapid expansion in adoption
of mechanization technology and
new schemes were established such
as the KSC, NHAC, and SDAP with
mandates for the production of sug-
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arcane, cotton and wheat, and sor-
ghum, repectively. Concurrently
Sudan tremendously increased its
tractor, harvester and other field
machinery populations. However,
the respective tractor per ha distri-
bution, for example, remained low
(1.5 tractor/1 000 ha - FAO, 1988),
with a reliability index of less than
50 percent (Haffar and Ahmed,
1990). The low tractor reliability
index was attributed in part to poor
maintenance and management re-
sulting from unavailability of skilled
maintenance personnel and trained
tractor operators. Also, it was partly
associated with the inadequacy of
foreign currency to support the pur-
chase of replacement parts in good
quantities and when needed. Further
complications in mechanization
management in Sudan were a result
of lack of reliable statistical records
pertaining to general management
of operation of agricultural machin-
ery. Since the agricultural tractor is
the most frequently used piece of
machinery and represents the major
component of any mechanized
farming system in Sudan, the main
purpose and objectives of this study
were :

1. To develop standard models for
repair and maintenance costs for
the medium-size, diesel engine,
2WD tractor in the four major ag-
ricultural schemes in Sudan. The
models would be based upon the
average cumulative tractor use in
hours;

2. To compare the predicted repair
and maintenance rates among
those schemes; and

3. To investigate the influence of
other factors, such as mainte-
nance management and facilities,
operators skills and attitude,
availability of replacement parts
and any other factors, on the re-
pair and maintenance costs of the
tractor in the surveyed schemes.

Literature Review

In most of the agricultural schemes
in Sudan, machinery maintenance,
especially preventive maintenance,
was not given much attention.
About 40% of the agricultural ma-
chinery, most of it were tractors, in
Gezira scheme were out of work
because of lack of maintenance and
unavailability of replacement parts
(Dawelbeit and Ahmed, 1987).
Johnson (1979) reported that the
spare parts required by the machin-
ery were influenced by the type and
size of operation and the service fa-
cilities available. Hoffman and
Kucera (1987) reported that farmers
could reduce their machinery repair
costs by 25% by improving routine
maintenance procedures. Ward
(1990) presented a cost model for
tractor ownership as a function of
annual use in hours. His results in-
dicated that a reduction in repair
costs by careful operation and ad-
equate maintenance could result in
a significant reduction in tractor
ownership costs. Adekoya and
Otono (1990) investigated tractor
repair models in Nigeria and attrib-
uted the higher repair costs to the
high costs of imported parts, misuse
of tractors, and the negligence of
preventive maintenance. Ward et
al., (1985) attributed the relatively
high rates of repair and maintenance
of tractor in Ireland, compared to
that in USA and Europe, to differ-
ences in machine operation condi-
tions, maintenance regime, operat-
ing practices and inherent machine
qualities. Morris (1988) derived re-
pair cost functions which related
tractor repair and maintenance costs
to tractor cumulative use in hours.
He concluded that skill and attitude
of tractor operator, working condi-
tions and maintenance management,
together with tractor cumulative use
in hours, were recognized as impor-
tant determinants of tractor repair
costs. Beppler and Hummeida
(1985) reviewed the literature on
repair and maintenance costs in
North America, Europe and devel-
oping countries. They reported that

repair costs of tractors in develop-
ing countries were three to five
times greater than the correspond-
ing costs in European and American
countries. Inns (1978) applying the
established repair and maintenance
cost models for developing coun-
tries, concluded that the estimated
repair and maintenance cost of trac-
tors in developing countries were
double that in industrial countries.
He attributed the result partly to
negligence and lack of preventive
maintenance and partly to the com-
paratively higher cost of replace-
ment parts.

Methodology

Data pertainning to repair and
maintenance expenditure (parts and
labour) and annual tractor use in
hours for the medium-size, diesel
engine, two-wheel drive tractor
were collected over a ten-year pe-
riod from records of the four sur-
veyed: SGB, NHAC, KSC, and
SDAP. In addition, the data in-
cluded maintenance management
parameters (facilities and person-
nel), training facilities and status of
tractor operators (primary and in-
service training), infrastructure
(roads and communication), salary
and incentives scale, and replace-
ment parts status (availability and
procedure for procurement). In case
when the accumulated repair and
maintenance costs and the respec-
tive tractor use (hours) were not
known in all cases, tractors of the
same age were grouped together and
their repair costs and the respective
use in hours were calculated using
the procedure suggested by Ward et
al., (1985). Statistical analysis of the
data was performed for each of the
four schemes using (MSTAT) sta-
tistical computer program (Freed
and Eisensmith, 1989). The accu-
mulated repair and maintenance
costs/h/1 000’ tractor purchase price
were correlated with tractor cumu-
lative use in hours utilizing the least
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square regressions method incorpo-
rated in the Statistical Processing
System (SPS) computer program.
Linear, quadratic, logarithmic and
power function regression were
tested. The best fit function was se-
lected based on the value of the de-
termination factor (r?) and its re-
spective “F” value. The accumu-
lated repair and maintenance cost in
percent of the tractor purchase price
were calculated from the transfor-
mation of the best fit equations for
each scheme. The data for mainte-
nance management (tractor opera-
tion status, and training status of
maintenance personnel) and training
status of tractor operators, were set
and analyzed using ‘MSTAT’ com-
puter program.

Results and Discussions

The Kinana Sugar Company was
found to have the most adequate
data recording and keeping system
(computerized) of the four surveyed
schemes, where a separate logbook
was kept for each tractor and ma-
chine in which all tractor informa-

nation for SGB and KSC (0.79 and
0.76, respectively) suggested that
tractor cumulative use in hours was
the major determinant of tractor re-
pair and maintenance costs. How-
ever, the low factor (r> = 0.14) in
case of SDPA indicated that the in-
fluence of other factors had more
and substantial effect on repair and
maintenance costs. The limited data
available did not help to quantify the
influence of these factors. The inte-
gration of the original model equa-
tions showed that the correlation of
repair and maintenance costs in per-
cent of tractor initial purchase price
was described by a power function
similar in form but different in the
magnitude of the model parameters
Y =aX".

Figure 1 shows the curves of the
established repair and maintenance
cost models for SGB, NHAC, KSC
and SDAP, respectively. The trend
of the curves indicated that repair
and maintenance costs increased
progressively with increase in trac-
tor cumulative use in hours. Table 2
shows a summary of the result of the

analysis of maintenance manage-
ment parameters (tractors’ condition
status and training status of tractor
operators and mechanics) for SGB,
NHAC and KSC. Data for SDAP
was not included due to limitations
in the scheme recorded data. The
result of the analysis indicated that
KSC had relatively the highest per-
centage of operable tractors and
trained operators and mechanics.
This was attributed to the fact that
KSC had privilages to utilize part of
its foreign exchange earnings to
import its needed replacement parts.
KSC had its own training center and
regularly organized training pro-
grams for its tractor operators and
maintenance personnel. In addition,
KSC had relatively better field roads
(paved roads) better communication
system and better field repair and
preventive maintenance compared
to the other surveyed schemes.
However, the difference between
KSC ad SGB in the percentage of
operable tractors was insignificant
and this was likely due to the fact
that SGB had funds made available

ACCUMULATED R & M COSTS (% P )

Al 1 !
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nal equations. The integrated equa- e (38
tions correlated the accumulated re- " .
pair and maintenance cost in percent ‘gl 2060 '

of tractor purchase price to the trac-
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relatively higher factor of determi-

Table 1. Comparison of the Best Fit Models Among the Four Surveyed
Schemes

Scheme Model equation I B Integrated equation
(original equation)

SGB Y* =(7.619X"10-* 0.79 17219 X **=(3.63X*)I10

NHAC Y*=i(1.3X%7)10-? 0.40 25.85 Y**=(7.58X'7)10"*

KSC Y* =(2.96X'#10-? 0.76 323y XA =i(10:6X28)102

SDAP Y* =(7.03X°2)10* 0.14 4.498  Y** = (5.54X"7)10"

3000 4000 5000 8000
CUMULATIVE USE (h)

Fig. 1 Comparison of repair and maintenance cost modelsamong
the surveyed schemes.

Table 2. Comparison of Means of Maintenance Manage-
ment and Training Status Among the Three of the
Surveyed Schemes (BGB, NHAC and KSC)

Scheme* % of operable % of trained % of trained
tractors mechanics operators
SGB 68.2a 79.4b 45.6b
NHAC 61.4b 72.0c 47.0b
KSC 69.6a 86.8a 64.0a

Y#* = Accumulated repair and maintenance cost /h/1 000 purchase price.
Y** = Accumulated repair and maintenance cost in percent of tractor initial
purchase price.

* means with a common letter in a column are not
significantly different using Duncan’s Multiple Range Test
(e<<0.05)
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to its management, during that pe-
riod, through the Gezira Rehabilita-
tion and Modernization Program
sponsored by the World Bank. Part
of this funds were utilized in import-
ing replacement parts for its exist-
ing fleet of tractors and machinery.
Data points of tractor use were taken
at 1 000 hours intervals which fell
in average range of tractor annual
use. Over the range for which data
for the surveyed schemes were com-
parable (up to 6 000 hours), the re-
sult of the analysis indicated that up
to approximately 4 000 hours of
tractor cumulative use, KSC had the
lowest average rates of repair and
maintenance costs. This result was
likely attributed to the fact that KSC
had relatively the most efficient sys-
tem of maintenance management,
infrastructural availability of re-
placement parts, and better salary
and incentive scale and training fa-
cilities as compared to the other sur-
veyed schemes. Beyond 4 000 hours
of tractor cumulative use the result
of the analysis showed that the re-
pair and maintenance cost rates for
SGB and NHAC were relatively
lower than that for KSC. The rea-
son was attributed to the observation
that tractors at this age in the case
of SGB and NHAC were assigned
to light work (transportation of pro-
duction inputs and used as vehicles
to transport labours). In the case of
SDAP the repair and maintenance
cost rates were the highest over the
range of the available data (3 000 h
of tractor cumulative use), com-
pared to the other surveyed
schemes. This result was likely at-
tributed to the fact that tractors in
SDAP experienced high rates of
breakages, specially of major com-
ponents (transmission and hydrau-
lic assemblies), during the first early
life of the tractors, due to rough
roods, manufacturing defects and

inexperienced and less trained trac-
tor operators.

Conclusions

The following conclusions can be
drawn from this comparative study:
1. Tractor cumulative use in hours

was one of the major determi-
nants of tractor repair and main-
tenance costs. Correlation be-
tween accumulated repair and
maintenance costs in percent of
tractor initial purchase price and
tractor cumulative use in hours
were described by a power func-
tion (Y = aXP).

2. The study indicated that other
factors such as maintenance man-
agement (maintenance facilities,
training status of personnel, field
repairs and availability of re-
placement), tractor operators
skill and attitude (training status,
salary and incentives), opera-
tional conditions (infrastructure)
and tractor design features, had
substantial influence on the rates
of repair and maintenance costs.
However, the available data
could not help to qualify the in-
fluence of these factors.

3. Comparison of the established
prediction models of repair and
maintenance costs among the
surveyed schemes indicated that
the Kinana Sugar Company had
the lowest rates up to 4 000 h of
tractor use, compared to the other
surveyed schemes.
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Abstract

The efficiency of three plowing
patterns most commonly adopted by
the farmers was investigated. The
values obtained were 93.6% for
headland pattern from boundaries of
field, 86.5% for headland pattern
from back furrow and 92.4% for
headland pattern mixed mode (02
back furrowed 03 land pattern).

The time efficiencies of 03 se-
lected patterns of plowing were also
determined and the values obtained
were 94.0%, 86.5% and 92.4% for
headland pattern from boundaries of
field, headland pattern from back
furrow and headland pattern mixed
mode, respectively. The headland
pattern from boundaries gave the
highest plowing and time efficien-
cies.

It was concluded that the effi-
ciency of plowing patterns was in-
fluenced and affected by the num-
ber of back furrows, plowing speed,
idle travel speed at the ends of the
field and idle travel speed at the ends
of headlands.

Introduction

Plowing the field is the first and
foremost preliminary operation for
preparing the proper seed bed. Be-
fore plowing, it is necessary to keep
in mind some benefits to be derived
from it such that whole plowing
operation turns to be easy, economi-
cal and time efficient. Generally, the
main objectives to be achieved from
appropriate plowing pattern should
be to:

1. Minimize field travel time;

2. Minimize the number of non-
working turns and idle travel in-
side and at the ends of field;

3. Reduce the time of operation to
make the field plowing a time ef-
ficient operation;

4. Avoid excessive dead furrows
and back furrows in the field as
they will be detrimental in irrigat-
ing the soil; and

5. Avoid excessive dead furrows
and back furrows in the field as
they will be detrimental in irri-
gate the soil, and to improve ma-
neuverability of the tractor while
making short turns at the ends as
well as in the interior of field.
In common practice the farmers

hire tractors and plows for plowing
the fields and are at the mercy of the
tractor operators. Usually, the un-
skilled operators carry out plowing
in a manner such that the above
mentioned objectives of plowing are
not borne in mind. As a conse-
quence, the plowing operation re-
sults as disastrous, uneconomical
and time inefficient.

The primary field parameter af-
fecting the plowing efficiency is
field lay out. Before starting the
plowing operation, the main field
should be divided and staked out in
sub-fields of uniform width. If the
field is laid out with narrow spaces,
numerous dead furrows will appear
in the entire field and excessive time
will be required to cover the dead
furrows.

After dividing the main field into
sub-fields, the headlands equal to
twice the width of the implement
should be marked off at the ends of
fields which provide adequate space
for high speed turns and minimize
the end turning time losses.

Another parameter affecting the
plowing efficiency is the pattern of
plowing operation which is closely
related to the size, shape of field,
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Fig. 1 Field layout of headland pattern from boundaries of the field.
centre of field.

and the design of the plow. It is es-
sential to identify and use proper
plowing pattern matching the field
shape, size, and over all configura-
tion of the field such that the entire
plowing operation turns to be suc-
cessful and efficient.

Thus, the present study was con-
ducted to examine the efficiency of
three plowing patterns in order that
recommendations and suggestions
could be made to the farming com-
munity regarding improving the
field operations. The main objec-
tives of this study were:

1. Determine the efficiency of se-
lected plowing patterns;

2. Determine time efficiency of se-
lected plowing patterns; and

3. Suggest appropriate and efficient
plowing patterns.

Methodology

Land Preparation and Field Lay
Out

An experimental field measuring
about one ha (2.5 acres), compara-
tively levelled and rectangular in
shape and size was acquired. The
dykes (bunds) were plowed to con-
vert the whole piece of land in one
levelled piece of field. The experi-
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S.F.= Subfields the dead furrow in the centre.

Fig.3 Headland pattern mixed mode with 02 back furrowed 03

lands.

mental land was divided into three
units and each unit was further di-
vided into three sub-fields of 12
meters wide each. The idea for di-
viding the field into sub-fields was
to use almost the entire area of ex-
perimental land and to execute the
total number of plow trips in all sub-
fields. Accordingly, the whole field
was divided into nine sub-fields of
12 m x 80 m each. The headlands
that were equal to approximately

twice the width of the plow (2.5 m)
were staked at both ends of each
field and fixed in accordance with
the recommendations of Renoll
(1969).

The dimensions of individual
sub-fields and headlands were mea-
sured with steel tape. The sub-fields
and headlands were laid out, demar-
cated by erecting poles at their ex-
tremities for guidance of the tractor
operator in making turns for each
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plowing trip and to plow the indi-
vidual sub-field and headland prop-
erly.

Selection and Choice of Plowing

Patterns
The selection of plowing patterns

for the present study was decided on

the following grounds:

(a) The conventional patterns of
plowing adopted by most of the
farmers in the area were consid-
ered for investigation; and

(b) The selected patterns must
match the topography, overall
configuration and size of field.
Most of the farmers of the area

preferred to adopt headland pattern
and different modes of headland
pattern. Accordingly it was decided
to select the following three patterns
of plowing:

1. Headland pattern from bound-

aries;

2. Headland pattern from back fur-

row; and

3. Headland pattern mixed mode

with 02 back furrowed 03 land

pattern.

The field lay out sketches of
above mentioned patterns of plow-
ing were prepared are shown in
Figs. 1 to 3.

Materials

A tractor mounted 3-bottom
moldboard plow fitted with depth
control wheel was used for plowing
the fields. The size of plow was one
of the variables involved in calcu-
lating the plowing pattern effi-
ciency. Therefore, the size of plow
was determined by measuring the
distance from the wing of the share
of the first bottom to the landside of
the last bottom by holding the meter
scale perpendicular to the landside.
The overall size of the plow so mea-
sured was 120 cm (1.2 m) (Table 1
and Fig. 4). The other materials
used in the research study were:
ruler; meter scale; steel tape (50 m);
ranging poles; wooden pegs; and
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Table 1. Size of Three-bottom Mounted Type Moldboard Plow

Mean width of Total width of  Rated width of Remarks
cach bottom (cm) plow (cm) plow (cm)
40 No variation in the rated size
40 120 120 quoted by manufacturer and
40 recorded size of plow was

observed because the plow was
new one.

Overall length of moldboard plow with tractor = 270 cm.

FURROW WALL

Width of

bottom-1
40 cm.
e
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LAND SIDE

MOULD BOARD

1 N\
Width of SHARE POINT
bott om-I1
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L

WIDTH OF P LOW

—

Fig. 4 Size of three bottom mouldboard plow.

stop watch.

Allocation and Labelling of Fields
The experimental area was di-
vided into three fields. Each field
was meant and allotted for perform-
ing and carrying out the plowing
operation for the selected plowing
patterns. The allocation of fields for
different plowing patterns was made
and labelled as follows:
Plowing pattern Field label
Headland pattern from boundaries
of the field Field-A
Headland pattern from back furrow
Field-B
Headland pattern mixed mode (02
back furrowed 03 land pattern)
Field-C

Field Parameters

The field parameters and vari-
ables required for the calculations of
pattern efficiency were identified as
follows:

1. Width of fields (W) m;

2. Length of field (L) m;

3. Length of furrow (f) m;

4. Width of headland (L-f) m;

5. Number of back furrowed lands

(n); and
6. Number of dead furrowed lands

(n-1).

Tractor and Plow Parameters

The tractor and plow parameters
affecting the calculation of pattern
efficiency were also identified as
follows:

1. With of plow (w)m
2. Speed of plowing (§,) km/h
3. Effective speed (S,) km/h
4. Tractor speed (Sr) km/h

at ends of headlands.

Duration of Plowing Patterns
Various duration of plowing op-

eration influencing the determina-

tion and calculation of the pattern

efficiency and duration efficiency of

the selected plowing patterns were

assessed. Accordingly the following

durations were considered:

I. Duration required for one plow-
ing trip;

2. Actual duration of plowing the
field;

3. Duration of plowing headlands;

4. Duration required to finish the
dead furrows (if any);

5. Idle travel duration across the
ends of fields; and

6. Idle travel duration across the
headland ends.

Determination of Plowing Speeds

In order to determine the plow-
ing speed (Sp), the time taken by the
tractor to plow one furrow strip be-
tween ends of the field was re-
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corded, knowing the distance or
length of furrow, the speed of plow-
ing (Sp) was calculated using the
following equation:

V =D/t

where,

V = Speed (km/h)

D = Furrow length (m) and
t = time (sec)

Three readings of time required
to plow three furrow strips were
taken to determine the average
plowing speed to avoid possible er-
ror in the calculation.

Similarly, S_and S, were calcu-
lated by recording the idle travel
time at the headland while plowing
the sub-fields and recording the idle
time at the ends of the headland.

Equations Used

The plowing pattern efficiency
and time efficiency were calculated
by using the following equation:

PE.=4(2n - 1)LW S_S /[4(2n -
DLW.S S, +4(2n*=3n + 1)
fwS +S + ZWISPSr + (2n —
) (L -1?SS]

Where

n = number of back furrowed
lands,

n—1 = Dead furrowed lands;

2n-1= Total number of lands;

W = Width of field (m);

w = Width of plow (m);

Sp = Speed of plowing (km/h);

S. = Effective speed at headland
(km/h);

L = Length of field (m);

f = Length of furrow (m); and

S, =Headland end travel idle
speed (km/h).

Assumptions

1. It was assumed that back-fur-
rowed and dead-furrowed lands
were of equal dimensions;

2. One additional plowing trip
across the field was required to
finish the dead furrowed land;
and

3. Time of finishing the dead furrow
was considered equal to the time
of regular plowing trips.

Results and Discussion

Determination of Pattern Effi-
ciency (P.E.)

For calculation and determina-
tion of pattern efficiency of three

selected patterns of plowing, the
data of different related variables
were recorded in the field. The data
of variables so recorded was tabu-
lated and the results were analyzed
and calculated. For the present study
the results obtained were discussed,
interpreted and presented as under:

Table 2 shows the data of dead
furrows and back furrows which
appeared after completely plowing
the main fields allotted for different
plowing patterns. It was found that
the number of dead furrows which
resulted in the case of headland pat-
tern from boundaries, headland pat-
tern from back furrow and headland
pattern mixed mode were 1, 0, 1, re-
spectively. The number of back fur-
rows observed in the case of above
mentioned three selected patterns
were 0, 03, 02, respectively.

Table 3 shows the values of Sp,
S, and S. The value of plowing
speed (Sp) as calculated from the
actual field plowing time data re-
corded for three plowing patterns.
The plowing speed calculated for
three selected patterns was 4.11,
4.10 and 4.13 km/h, respectively.
The idle travel speeds (S,) calcu-
lated from field time data of head-
land pattern from boundaries, head-

Table 2. The Number of Back Furrowed, Dead Furrowed Subfields
as Resulted after Plowing with Selected Plowing Patterns

Table 3. Plowing Speed (S)), Idle Speed (S)) at End of Field, Idle
Speed at Headland Ends (S)) of Three Selected Patterns

Plowing patterns Sample  Subfields Back Dead
field (2n-1) furrowed furrowed
subfields subfields
(n) (n-1)
Headland pattern
from boundaries Field-A 03 — 03
Headland pattern
from backfurrow Field-B 03 03 —
Headland pattern
mixed mode (02
back furrowed
03 land pattern) Field-C 03 02 0l

Sample S S S

Plowing patterns - L [
field km/h km/h km/h

Headland pattern
from boundaries

Headland pattern
from backfurrow

Headland pattern
mixed mode (02
back furrowed
03 land pattern)

Field-A 4.11 6.08 4.00
Field-B 4.10 5.81 3.74

Field-C 4.13 5.99 4.78

Table 5. Time Efficiency of Three Selected Plowing Patterns

Table 4. Plowing Patterns Efficiency for Three Selected Plowing Plowing patterns Theoretical Actual Time
Patterns plowing plowing efficiency
Plowing patterns Pattern Pattern furrowed time time (t)
efficiency (P.E) (%) (sec) (sec) (%)
Headland pattern Headland pattern
from boundaries 0.9357 93.6 from boundaries 1 603 1 704 94.00
Headland pattern Headland pattern
from backfurrow 0.86506 86.5 from backfurrow 1 603 1853 86.5
Headland pattern Headland pattern
mixed mode (02 mixed mode (02
back furrowed back furrowed
03 land pattern) 0.92416 924 03 land pattern) 1603 1734 92.4
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Fig. 5 The plowing pattern efficiency (P.E).

land pattern from back furrow and
headland pattern mixed mode was
6.08, 5.81 and 5.99 km/h, respec-
tively.

The idle travel speeds (S)) across
the ends of headlands are shown in
Table 3. The values of idle travel
speeds across the ends of the sample
fields of the three selected plowing
patterns were 4.00, 3.74, 4.78
km/h, respectively.

After having developed and de-
termined the data of various vari-
ables involved in the P.E. equation,
this data was used and substituted
in the equation and the value of ef-
ficiencies of three selected patterns
of plowing was calculated. The re-
sults of efficiencies so calculated
were 93.6% for the headland pattern
from boundaries, 86.5% for head-
land pattern from back furrow and
92.4% for headland pattern mixed
mode (02 back furrowed 03 land
pattern) (Table 4).

The histograms showing the ef-
ficiency of three plowing patterns
were also constructed to compare
the efficiency of different selected
plowing patterns (Fig. 5). The re-
sults of plowing pattern efficiency
obtained during the present study
are in close conformity and concur-
rence with the results of Hunt
(1983).

The time efficiencies of selected
plowing patterns are tabulated in
Table 5 and illustrated in Fig. 6.
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From back furrow

PLOWING PATTERN

Fig. 6 Time efficiency (T.E) of selected plowing patterns.

The values obtained were 94% for
headland pattern from boundaries of
field, 86.5% for headland pattern
from back furrow, 92.4% for head-
land pattern mixed mode (02 back
furrowed 03 land pattern), respec-
tively. The time efficiency and
plowing efficiency of headland pat-
tern from the boundaries was higher
than the other two patterns of plow-
ing due to the fact that idle time loss
accountable for this pattern of plow-
ing was less than the other two pat-
terns of plowing. The greater time
loss in the case of headland pattern
from back furrow and for the mixed
mode of headland pattern affected
ch SI. which, in turn, influenced and
reduced the plowing efficiency of
the remaining two patterns of plow-

ing.

Conclusions

The present study of different
plowing patterns was carried out
and the following conclusions were
drawn:

1. Headland pattern from bound-
aries of the field was the best pat-
tern of plowing for the rectangu-
lar fields as it fetched the highest
plowing efficiency;

2. Headland pattern from bound-
aries of the field was an easier
method of plowing in terms of
maneuverability of the machine
and executing 90° turns at the

ends of the field; and

3. Itis suggested that headland pat-
tern from boundaries be practiced
and adopted which is more ap-
propriate and efficient.
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Abstract

The development of a low-cost
hitch testing facility that complies
with relevant international standards
is described.

A simulation model of the actual
hitch forces encountered by a large
150 kW agricultural tractor, operat-
ing under actual field conditions,
was developed. These indicated a
maximum pulling force of 81.36 kN
which is just above the ISO Stan-
dard value of 80 kN. It was found
that, for cost effectiveness, the
maximum feasible frequency of ap-
plication of the testing force is 6 Hz.

The resultant unit is compact (4
m X 2 m) and applies a maximum
loading of 90 kN at a maximum
cycle frequency of 6 Hz and com-
plies with international standards.
Additional features were added in
order to meet the more stringent
Dromone Standard*. These include
lifting (maximum lifting force 100
kN) and destructive (increasing load
to failure — maximum 500 kN) tests.

A fatigue test was carried out on
a Renault Ceres 95 pick-up hitch.
Deflection of the hook was less than
10 mm and no cracking was ob-
served. The hitch was deemed to
conform with the ISO and EU Stan-
dards. It is envisaged that this unit
will be integrated into a computer-
based design and testing facility that
will minimize the number of de-

*Dromone Engineering, Ireland

structive tests requirec.

Introduction

Tractor pick-up hitches must be
designed to meet EU and ISO Stan-
dards in relation to their structural
integrity. These Standards are in-
tended to simulate field conditions
and include both fatigue and static
load tests. All tractor manufacturers
must meet these requirements and
there are only a limited number of
specialized hitch testing facilities in
the EU.

The objective of this study was
to develop a low-cost, in-house hitch
testing facility that would comply
with the relevant standards and
would enable testing to be carried
out during the design stage of a new
hitch. In addition, it is required that
the test units could be used to carry
out further tests in accordance with
the stricter Dromone Standard.

Methodology

Fatigue failure occurs due to al-
ternating stresses, of relatively small
magnitudes, which cause fracture in
ametallic structure which could oth-
erwise carry much greater static
loads (Higgens, 1983). When a ma-
terial is cyclically loaded within the
elastic region, stress and strain are
linearly related to each other by the
elastic modulus, hence it is only

S.M. Ward

Dept. of Agricultural and Food Engineering
University College Dublin

Earlsfort Terrace

Dublin 2, Ireland

necessary to measure one of the two
in order to know them both.

The actual forces acting on a trac-
tor pick-up hitch in the field vary
continuously with time. Alternating
forces such as those caused by ac-
celeration/deceleration, ascent of
slopes, terrain roughness, steering
and so forth, are a major cause of
failure in pick-up hitches (Collins,
1991; Chisholm and Harral, 1989).
Safety is a major concern in the de-
sign of any hitch testing rig, particu-
larly where failure of the pick-up
hook may be expected (Dier and
Hobbs, 1986).

ISO Standards

ISO Standard (ISO TC23/SC2/
WG1) specifies that the dynamic
force application frequency shall not
exceed 10 Hz and that 5.10° test
cycles be carried out. In contrast, the
EU Standard (EEC Directive 89/
173/EEC) limits the application fre-
quency to 30 Hz and the number of
test cycles to 2 x 10°. Both the EU
and ISO Standards outline dynamic
and static tests, either of which can
be carried out for certification. In
this study, dynamic tests were con-
sidered because fatigue failure is the
main cause of failure in pick-up
hitches (Collins, 1991; Chisholm
and Harral, 1989). As outlined
above, the EU Standard states that
the dynamic test may be carried out
ata frequency up to 30 Hz. Research
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has shown that the fatigue life in
cycles depends only on the ampli-
tude of the wave form and its mean
value (Sherratt, 1994). If the test
loading is applied at twice the rate,
failure occurs in half the time.
Hence the clear advantage of carry-
ing out tests at high frequencies is
that it enables the test to be com-
pleted much sooner. In the ISO
Standard, the maximum test fre-
quency should not exceed 10 Hz.
However, due to costs involved, the
maximum feasible frequency was
found to be 6 Hz. Calculations
showed that the maximum force re-
quired under the EU standard is 81.8
kN (Evans, 1996). This is in general
agreement with the ISO Standard
which sets this value at 80 kN.

Computer Simulation

A computer simulation model
was developed (Evans, 1996) to de-
termine the forces acting on a hitch
for a given tractor and trailer in or-
der to confirm that the forces calcu-
lated in the Standards were of simi-
lar magnitude to those experienced
under actual field conditions. The
computed forces were verified as
being close approximations to
forces actually experienced, using
available OECD Test Results for
Deutz-Fahr DX 4.70 and DX 6.30
tractors [OECD Reports (1984, a
and b)].

Details of the simulation model
are given elsewhere (Evans, 1996).
The model outputs the maximum
pulling force. The two main as-
sumptions made were that the trac-
tor is 2-wheel drive and that it has
an infinitely variable gearbox. The
latter resulted in an error at low
speed (<4 km/h) as illustrated in
Fig. 1.

The computer simulation was
then run for a “worst case scenario”
— using typical input values for a
large “top of the range” 150 kW
tractor (Table 1). These resulted in
a calculated maximum pulling force

60 T ) ;
/;omputer simulation

50

40 + 4

30+

actual \CR"D\D\
20 1 —

10 +

Drawbar Force (kN)

0 : + t i

o Tractor : Deutz-Fahr DX 4.70

0 2 4 6 8 10

Tractor Speed (km//h)

Fig. 1 Computer simulation of drawbar forces v. actual field performance.

Table 1. Tractor Simulation Model — Inputs and Outputs: Variables

Inputs

Tractor mass 9 000 kg
Tractor height 3m
Tractor wheelbase 3m
Distance from Centre of Gravity of the tractor to the ground I.I m
Distance from Centre of Gravity of the tractor to the rear axle I.1'm
Hitch height from the ground 0.5m
Distance forward of hitch from rear axle 0.4 m
Moment of Inertia of wheels 0.7 kg m*
Rear tyre rim diameter 0.95m
Rear tyre width 0.5m
Moment of Inertia of engine 0.06 kg m?
Engine power at rated speed 140 kW
Maximum engine torque 730 Nm
Rated engine speed 2 200 rev/min
Tractor acceleration 0 m/s?
Tractor velocity 5 km/h
Wheel slip 9%
Ground slope 0°
Cocfficient of rolling resistance of tractor front tyres 0.03
Coefficient of rolling resistance of tractor rear tyres 0.02
Outputs
Total gear ratio, engine: driving wheels 199.045
Engine torque at rated engine speed 607.7 Nm
Maximum pulling force 81.36 kN

Table 2. General Hydraulic Specifications for the Pick-up Hitch Fatigue Tester

Part Description

Specification

Hydraulic actuator
(Double acting)

High response
servo valve

PSC (Programmable
servo controller)

Power pack

Linear potentiometer

Maximum dynamic loading force of 90 k maximum
oscillating frequency of 6 Hz

Built in pressure transducers

Force accuracy of £2%

Input/Output interface with servo valve and PC.
Built in Data Acquisition Card
Pressure Feedback Control
Suitable gear pump and 3 phase electric motor
to generate maximum force and frequency.
Heat exchanger, smoothing accumulator,
reservoir, pressure relief valve, and oil filters
Accurate measurement of actuator stroke/hook deflection

of 81.36 kN, which is just above the
maximum allowable ISO value of
80 kN. The maximum possible dy-
namic force that the hydraulic actua-

tor could generate was specified as
90 kN, in order to allow for a factor
of safety and for increases in the size
of future tractors.
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Once the maximum dynamic
force and frequency had been estab-
lished (viz. 90 kN and 6 Hz) the
general hydraulic specifications for
the hook fatigue tester were drawn
up (Table 2).

The Dromone Standard

The Dromone Engineering
planned to establish the Dromone
Standard comprising additional tests
that could be carried out to further
improve their hitches. These tests
cover aspects that are not fully
tested in the official Standards.
These are:

1. Lifting Test: This test simulates
the lifting and lowering of trail-
ers. During the tests, two lifting
hydraulic actuators would be at-
tached to the link-arms, and
would generate a force 100 kN.
A third actuator, capable of de-
livering a maximum force of 50
kN, would apply a constant load
to the pick-up hook, thereby
simulating the forces acting on
the hook during hitching and un-
hitching; and

2. Destructive Test: Once the hitch
is mounted on the rig, an actua-
tor would apply an increasing
load to the hook until failure oc-
curs (maximum force = 500 kN).

Design and Construction

Details of the design are given
elsewhere (Evans, 1996). A closed
loop control system is used in order
to ensure accurate control of the unit
(Anon., 1972). Special long-life
seals, capable of withstanding 100
million cycles, are used — each test
duration is c. 2 million cycles. The
tester is compact (4 m X 2 m) and
designed as a single unit. The design
incorporates a high response servo-
valve which is essential for carry-
ing out tests at 6 Hz. The entire rig
is controlled by a 386 PC, enabling
testing to be carried out with mini-

Table 3. Input Conditions for Preliminary Fatigue Test on a Renault Ceres 95 Pick-up

Hitch
Variables Values

Technically permissible total mass of the tractor M, 4 000 kg
Technically permissible total mass of the trailer M, 18 000 kg
Maximum static drawbar load S 900 kg
Horizontal force component 32.1 kN
Horizontal test load F =1.0.D 32.1 kN
Vertical test load F =g.l.58 13.2 kN
Resultant test force 34.7 kN
Direction of resultant 224 deg
Maximum loading force Bl 34.7 kN
Minimum loading force F .=5%0ofF__ 1.7 kN
Loading direction o 224 deg
Test frequency f S5<—>6 Hz
Total number of cycles N 100 000

mum supervision. The operator en-
ters the maximum and minimum
dynamic forces to be applied, the
frequency of the test and the num-
ber of cycles to be carried out. The
fatigue test stops automatically if the
pick-up hook breaks. At the end of
the test period the hook is inspected
for cracks or tears.

Testing

A fatigue test was carried out on
an unpainted Renault CERES 95
pick-up hitch. Sinusoidal dynami<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>