ECA/IND/ENG/OOQ/BB
December 1988

UNITED NATIONS
ECONOMIC COMMISSION FOR AFRICA

Industry and Human Settlements Division

TECHNICAL PUBLICATION OF THE IMPROVEMENT OF THE AGRICULTURAL EQUIPMENT
MAINTENANCE CAPACITY OF AN IDENTIFIED NATIONAL, SUBREGIONAL OR REGIONAL
INSTITUTION FOR MAINTENANCE OF AGRICULTURAL EQUIPMENT



(N A

oINS

AL R

§
J

NI

m ]

[

A

T

fand




ECA/IND/ENG/009/88
December 1988

UMITED MATIONS
ECONOMIC COMMISSTION FOR AFRICA

Industrv and Fuman Settlements Division

TECHNICAL PUBLICATION OF THE IMPROVEMENT OF THE AGRICULTURAL EQUIPMENT
MAINTENANCE CAPACITY OF AN IDEMNTIFIED MATIONAL, SUBREGIOMAL OR REGIONAL
INSTITUTION FOR MAINTENANCE OF ACRICULTURAL EQUIPMENT






3.

INTRODUCTION

1.1 Trends in the use of agricultural equipment in Africa ...

1.1.1 Background
1.1.2 Choice of technology

1.1.3 africa

ECA/IND/ENG/N09/8B38

TABLE OF CONTENTS

N N R R R N N N N NN NN N NN EEENEEE RSN

% R 858 S EEAESI RPN RNAIN I RIANIREB AT E TR S LA

'S ChOLCE  eevsncecesvsvnsssscisnsnsanssanssans

1.2 APPER/UN-PAAERD focus on agricultural equipment ..eecesesa

1.3 Objectives and scope of the study
PRIORITY AGRICULTURAL EQUIPMENT
2.1 Hand tool technology ...

2.2 Animal drawn technology

2.3 HMechanical powered technoldgy

MAJOR AREAS OF COWSTRAINTS TO MAINTENANCE

3.1 Policy issues

L R R R A N N I R I )

I R R R R R R R A I N A I A IR B B B

L R I N N N NN

L N N N R R N N R E NN R RN

L R I N R R I N N AR

P I N R P B IR I I B WY

L R R T I R I N A A I B A S BN B R A R )

3.2 Institutional SUPPOTE weeenesesceccsancscnnanscanacnsoncns

3,2.1 Research and development ..svevseasnssscccsssnnenes

3.2.2 Pinancial assistance

3.2.3 Information system

L R R R N I O I R A A R IR R R A L )

B4 e kb b aasgLsas Pt EAILErEYERET RSB

3.3 Institutional framework and infrastructure .....ccceiescess

3.3.1 Central maintenance workshop

LR I N N Y AR I BN I R I

3.3.2 Regional maintenance facilities ..vvesccrassannanse

3.3.3 Basic maintenance facilities

------- P R

3.3.4 Auxiliary and support facilities ...icesveeseivenans

3.3.5 7Technical assistance

% 4% em e Bs P st e bbenbteraranenstan

3id4 MANDOWET teiiiutcruacvonoonsrassssssssasnsnnscnssssssonsasne

3.5 Linkage with research, production, éxtension,and

maintenance

APPROACHES TO IMPRQVING MAINTENANCE

554 s éseeasn L N NI I A A A ]

4.1 Assessment of mMAintenance NEedS ..eamsmeescsonseavsasscanan

4.2 Assessment of existing maintenance capacities and

capabilities

Page
1l

10
10
11

11

12
13

13

19



Page

4.3 BEstablishing network of maintenance and related ‘
) SErVICeS sirnveeceisaciornanasarasseassrnonarsanans 20
4.4 Optimization of existing capabilities and capacities 21
4.5 Maintenance PrOYTAMNME sevrosvoarcaserassavsnscnnanras 22.
4.6 Manpower development ..eciuiseicieciesiasstcsnanesnas 24
4.7 "Support fACilities .iieiiiiiesiicinantiacriiioecaonn 24
BASIC REQUIREMENTS OF MAINTENANCE INSTITUTIONS .<..ceecsn 25
5.1 FacilitieS jeeeseoeeenon.. -
5.1.1 Site suiecncecaciinniiatornstassatanaaansans 25
5.1.2 BULIAING  sueetencvunnsarrssorsanasansssaanes 25
5.1.3 Equipments and to0lS . cecsecresvsrsrnnanscnas 25
5.1.4 UtilitieS ceveenssnssssansersannsasnsennsare 25
5.2 0rganization ccesesesensocnconcsosascssonscnansanse 35
5.2.1 Artisanal .sseceessssacsssecunsnnassanasnnnns 35
5.2.2 'Basic sService sStation ..seeecerecocsncrsvans 35
5.2.3 District worksShop seeveirassesascesctssansnss 36
5.2.4 Regional workSHOPD +eetecneracseascnsnoscstcnn 38
5.2.5 Central WOTKSNOD «ecevsccscssesnanssnasassesa 40

5.3 Managerent SYSEEM - c.esevasvssesrossrsnrsssasssannss T 40

5.3.1 ﬁanpower develcr~ent R R R R R R .40
.3 Maintenance Management s.cecesssssssscscarsas 42
3.3 Customer relationl ..sssesssassseranasssrcans 45
5.3.4 Material management ...cicereevesssocoarsassee 45
5.4 Financial reqguirements fheeretsssacsetesanrsraneens 46
5.5 Summéry and recommendations saseesasesssccssrcrennee 48
ANNEXES
Annex I - Samples of Typlcal Forms Related to Malntenance
and Material Management Systems
Annex. II1. ~. -Questionnaire for-bata Collecticon
Annex III - Profile of Power Equipment Limited, Zambia, Lusaka.
Annex IV -" Profile of sirofta Farm Workshop, Bale, Ethiopia
Annex V ~ Maintenance of Agricultural Eguipment, Case Study
Zambia
Annex VI

- Maintenance of Agrlcultural E0u1pment in Ethlopla,"
- S8hert Profile. e



ECA/IND/ENG/009/88

1, INTRODUCTION

1.1. Trends in the Use of Agricultural Eouipment in Africa

1.1.1 Backeoround*

Africa is a continent made of countries the maijority of which belong to thr
low income category. As ner World Report 1982 of the World Bank, of the
tctal 44 low income countries 30 belohc to Africa.

Africa with 166.4 million hectars accounts for 12.12 per cent of the
world's total arable land. In terms of pooulation, its share is 11.74

per cent. About sixty five per cent of the economically active population
earn their livelihood from acriculture. While the econcomically active
population in agriculture has grown by 39.4 per cent over the last 15
years, the total arable land has increased by a mere 7.8 per cent during
the same period. In other words, the land has to support more people per
unit of area and the ability to recover more land for aagricultural purpose
has not been growing at comparable rate. Furthermore, in ternms of
irricated land, Africa's share is not only low at 4.8 per cent of the
alobal total but registered a cumulative growth of 21.3 per cent against
the world 31.8 per cent over the 15 year pericd. Though Africa cultivates
over 12 per cent of the world's arable land, food production has not been
able to meet the continent®s needs. Cereal production dominates African
aogriculture, but with a total annual average of 77.5 million tons, it
accounts for only 4.3 per cent of the total world production.

Tarticularly worrvine is the 1ow nrofuctivity of arriculture. There are thibusly'a

éﬁﬁiﬁi&ﬁ%iaﬁﬁﬁféﬁ5Eméf“??ﬁgﬂ%ﬁioéiﬁﬁﬁggggﬁgg;ggwﬁgghﬁgggzuxlamuuyﬂﬁhgpfhe

In spite of its sianificant share of total cultural land, the continent
deploys only 2.04 ner cent and 1.25 per cent of the world's total tractors
and harvestors respectively. Over the last fifteen vears the tractor flee
in Africa increased by 11.7 per cent only against the world's 15.6 per
cent. This implies that not only does Africa use low level technology in
agriculture but alsoc the trend in change is ogrowing at much lower rate
than that of the rest of the world.

1.1.2 Choice of Technology

Available lewels of technology in agricultural eguipment usage are generall
c1a551F1ed into the followina three categories :

Hand tool technoleogy : Hand tool technology was the first attempt in the
development of aoricultural equipment. It depends fully on human effort
for its source of vower. It is the lowest mode of production and has a
low eneray conversion rate as well as low productivity.

Animal nowered technology : This level of technoloay is based on animals
as source of nower. It emplovs oxen and/or horses to pull a range of farm
imnlétienits for land cultivation, seed application and harvesting.The
choice of use of animal technology and of implements to go with it depend:
on the availability, tvpe and size of animal, and type of soils to be
nqutlated Erniimal power has enabled farmers to increase labour product+’
ivity.

*Pigures in this section are hased on FAQO Production Year Book, 1988.
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However, its ability to increase land productivity depends on other technological

inputs. Animal powered technology is the second important technology level employed in
Africa. Animzl fraction is a new introduction in most parts of Africa. Where animal
traction has been a tradition,it has not changed both in its application or in the
associated implements ugsed. Animal traction, because of its low initial and operational
costs, seems To be a betfer cholce for African states at the imitial stage of mechanizat-
ion.

- -‘Mechanizal powered bechnolopy @ Mechanical powered technology has developed significantl;
over the years, It uses engine driven equipment for cultivation, seeding, input
application, harvesting and post-harvest processing. The level of technology can vary
from mechanization of the critical operations to rearly all farm activities. Powered '
technology has helped the world to increase both labour productivity and land product-
vity many times. With the exception of South Africa and few countries North of the
Sahara, use of mechaniecal powered technology is limited. A1l in all less than 20 per
cent of the cultivated land is mechanized in Africa. '

1,1,3L-Afpicais-ehoice

The choice of any particular level of technology and/or combination thereof depends

on many physical and socio-economic conditions. Africa with all its development
constraints has serious difficulties in adapting any particular level of technology.
This is manifested by lack of policies and stratecies for agricultural -
mechanization. A few African countries have such policies and strategies.

Immediately ‘after ihdependence, most African countries with the aim of increasing
agricultural production have jumped on the idea of deploying powered technology in their
agriculture, particularly encouraged by the earlier success of white settlers! farms.
. However, due to the increasing cost of powered machinery (few countries have

capability to manufacture), in particular the foreign exchange component, the inadequacy
or absence of management system and skills in handling powered machinery, and high
operating costs (fuel and parts), African nations are re-considering the use of powered
technology. : :

Several African countries are providing tractor service to the peasant farmer through
tractor hire schemes. These schemes, in most cases, are unsuccessful. Most of The
equipment was either made out of use in a very short time had such low produgtlvity
rate that the schemes could not be operated economically. Frustrated by the%r
earlier experience and the inability to finance powered machinery such countries are
giving preference to animal powersd technology. A lot of effort is beling -expended by
most African countries to popularize the use of animal traction as well as develop
improved implements. This trend is being adversely affected by pOOP.aplnal health,low
tractinn power of the African draught animal and difficult soil conditions.

1.2--Africals-Priority-Programme-fop-Eoonomio~Reoovery-(APPER}-and-United-Nétions
x--Programme-of-Action-for-Afrioan-Ecenomic-Beoovery'and-Developnenﬁ-GUNPAAERD)
. ‘Focus -on -hgricultural Bguipzment '

The United Nations General Assembly, in recognition of Africa's grave economic and
social erisis, at its eighth Plennay Meeting of the thirteenth special session held
. 4n June 1986 has adopted a Programme of Action for African Feonomic Recovery and
Development, 1986-1990, welcoming Africa's Priority Programme for FEconomlc Recovery
mapped out by the Assembly of Head of States anq,Governmgnt-of.the COrganization of
African Unity at its twenty first or@inary session held in Addis Absba from 18 to 20

July 1985.
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Within the framework of this programme, agricultural development hacs been given
considerable emphasis by alloting it US$57.4 billion which is U4.8 per cent of the
programme cost.  The need to revitalize agricultural development throughout the
programme period by specific actionsboth at the national and subregicnal levels,
within this aetion progamme and the aspect of agricultural equipment have been
given due emphasis. The action programme specifically identifies the need to,

. among others :

"o ralslng substamlally the level of mvestment in agriculture;

- increased food production;. = . :

- restoring, protzcting and developing arable land and I‘enderlng
it more productive; ,

- establishment of rermunerative rnrouce gari,C'111q nolicies,e ceblishment
and strengthenig of incentive schemes, eliminating pricing policies
that have tended to discourage production and providing effective
agriculture credit programmes;

- development of livestock and livestock products through the utilization
of agriculturaz by-products, imroved manaremert and attenticn to a"’*nal
diseases;

- develocpment . of mechanization and the use of moderm farm and Lrocessmg
rAachinery: increased use of fertilizers, improved seeds and pesticides;

- improving and expanding the storage capacity, distribution and the
Larketing systeom;

- Jevelcpment of agricultural research and extension through the creation
of a network of agronomical research stations and extension for the
design. and diffusion of appropriafe agricultural technologies:

- placing at the disposal of small farmers necessary inputs for increased
yields; better utilization and improvement in management of water
resources and the establishment of low-cost irrigation schemes;

- establishment of reafforestation, drought and desertification cor'trol
programes, including firewood schemes and dmprovement of agricultural
inplement maintenance capacity;

- establishment of assistance programmes for small farmers, especially
women food producers and rural youth;

= improvement of the distribution of agricultural products!.

Furthermore, the action programme points out that the success of the programme in
agrlcul‘l,w“al development will depend on the parallel development of the agricultural
support sectors, including :

" . pehabilitatior s Cevelommont op agro-relate” industries;
- development of "~ aNSPOrt and commuilcations;
- trade gnd finance-,

Among the measures to be takon in the support sectors, include :

- development of industries for pmductlon of agricultural tools and

- equipment ;

'~ egtablishment of engineering capacity for the production of spare parts
© and conmponenscs’.

The inplemntatlon of the action programme implies the parallel development of
Africa's capabilify to manage its economy and resources, such as the inprovement
of public management systems, institutions and practices, particularly the improvement

of the performance of public. enterprises and maintenance capability and
capac?t? of “agrioulturhl equlpmen“gp . -
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1.3 - -Objectives -and -scope -of -the -s‘audy

Among the many factors hampering the adoption of improved technological package in
agricultural mechanization is Africa'’s inability to manage powered equipment properly.
While most tractors employed in developed countries have an average working 1life of over
elght years and an average annual productive hours of over 1,000,in Africa most

tractors are out of use in less than four years and have averade anhual productive
hours of less than 300. 2 tractor hire scheme in Zambia which acmuired 450 tractors
had onlv 32 tractors in workina condition in Bix years time and nroductive hours for
operational tractors was as low as 150 hours rer vear. In Ethioola, of the 2,526
tractors in the state farms only 1,028 tractors (40.7 per cent) are only omeraticnal
currently. The primarv reasons for such low serviceabilitv and productivity of
acricultural ecuiprent are :

- inappropriate selection of equipment;

~ lack of recognition of the roll of maintenance in ensuring
higher productivity and serviceability;

lack of facilities for performing proper maintenance;
inadequate and untimely delivery of parts;

inadequacy or absence of skilled manpower, hoth for operation
and maintenance, and

absence of proper maintenance policies, systems and practices.

In recognition of the importance of maintenance of agricultural equipment in shaping
the future development and use of higher technologies as well as in response to the

call made in UN-PAAERD, the United Nations Ecoromic Commission for Africa has under-
taken this study with the following key objectives :

a) Bring to the attention of the African countries the institutional and
conceptual issues of agricultural equiprent maintenance;

b) Create awareness of the roll of maintenance in the successful implementation
of a mechanization progranmne; ‘

¢) TIdentify and bring to the attention of the African public policy and strategy
issues for the successful irplementation of maintenance programmes; and

d) Suggest institutional frame-work and raragement systems required for the imple-
mentation of a maintenance improvement progranme. :

The scope of the study 1s intended to develop guidelines defining technigues in under-
taking maintenance capability improvement programme for maintenance instltutlor_ls, at
national level, for both captive users and for those organized to provide services

to others.

2.,  PRIORTTY AGRTCULTURAL EQUIPMENT

Fquipment packages available for any particular or combination level of technology
selected are meny. Maintenance requirements of the various equipment packages also -
are as varied as the elements constitutins the vackages. Tbe appropriateness of any
particular maintenance system is dependent on the jevel of technologVemplnved, the
svstem of ownership »nd the location of the equirment relative to maintenance
facilities. In view of this, It is found necessary to identify some of the priority
maricultural ecuipment for the different levels of technologies.
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2.1 - -Hand -tool technology

Hand tool technology is generally employeC or feasible only where individual farm
size is less than two hectars. Hand tool technology in Africa is used by peasants
who are found all over the country, away from basic infrastructures. The package of
hand tools in use and likely to be used in Africa for key agricultural operations
mainly consist of:

- Land preparation tools-axes, shovels, spades, digging hoes, pick-axes,etc.:
- Seed application tools-walking-stick planters, mormal wheel seeders,manual

seed drilis;
- Post-seeding operation tools - hand cultivators, wheeled weeders,forked hoes,

manual fertilizer drills, dusters, knap-sac sprayers,and
- Harvesting tools - machets, sickles.

2.2 - -Animal -drawn technology

Animal drawn technology is generally employed and appropriate where individual farms
are below five hectars. However, farms above five hectars are also feasible with animal
traction but require the use of more than one team of draught power. Animal drawn
technology is also used by peasants inhsbiting rural areas where there is limited
infrastructure.

Amimal draught is accompanied by a series of implerents to be drawn for different
applications. Though it is possible to perform most operations with animal power in
Africa, animal power is mostly used for land preparation work. This is partly due to
lack of appropriate implements for other activities, low purchasing power of farmers
and lack of awareness of the benefits of these implements.

Though several African countries have attempted limiced research and development works
as well as local production of improved animal drawn inplements for operationsg other
than land preparation, acceptability by farmers is slow and very low. One of the
reasons for such low acceptability is that most of these implements are intended to
help land productivity rather than labour productivity. A marual seed drill, for
instance, requires more labour time than spreading by hand. Besides,the benefits of
the use of such implements are not readily seen as the final output is the result of
a nurber of other factors, such as the weather, pest infestation and harvest losses.

_Because of these factors, farmers have reservations on the befiefits., On the other hand, .

a farmer can easily see the benefits accruinc from use of farm implements that increase. -
1labour productivity.
The equipment Packages yhich are used or likely to be used with animal
drought consist of
- Tand preparation implements - ploughs (ard, Maresha, single furrow mouldboard
plough), tool bar, disc-harrows,swpike tooth harrows, land levelers;
- Seed application implements - row planter (single and miltiple

furrow},seed drills; and
- Post seeding implements - cultivators {(tincs. duck foots),

2.3 - Mechanical powered -technology

Mechanical powered technology is commonly used in farms of more than ten hectars,
mostly in commercial and large-scale farms. Mechanical powered technology has a wide
range of technology packages, ranging from power tillers and wind mills for pumping
water to the sophisticated large tractors with trains of Implements for multiple
operations. The choice of the technology package depends on the size of the farm,the
level of management and financial resources available for investment. In Africa, the
choice of technology packape is limited to basic equipment for critical operations.
For African conditions and needs the following comprise priovity equipment sequence of

operation listed according to :
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- Lapd preparation equipment - Tractors of 35-150 HP with three
point linkage and power take off {PTO}, land tillaage implements:
such as sub-soilers,; chisel plouchs, disc and reversable mould-
board ploughs, disc harrows (off-set, mounted ridgers;

- Seed application equipment - raw planters, seed-drilis, direct
drills and spierdcovs;

- Post-seeding eguipment - cultivators {=ire . duck foot),
fertilizer mrinaior, *railed soravers, toon L0 St

—- Harvesting zguipment - mowers, combine harvestors iself-propelled
and trail;., trailers, threshers, shellars:and

- Water supply and irrigation equipment = engine driven or electric
driven centrefucal »umps, submersible pumps, sprinkler irrigation.
systems.

3. MAJOR AREAS OF COMSTRAINTS TO MAINTENANCE

Whichever technology level is selected; the need to organize for delivery
of prover maintenance is of extreme importance. The allocation of
enormous resources to a given level of technology without provision for
the maintenance component has led to catastrophic results. QOrganizing for
maintenance is time consuming and requires the removal or minimization

of many external and Internal constraints. For the successful implemwent-
ation of a maintenance system, the development of an actlon programme to
minimize or remove these constraints nced to be addiressed. Somz of tho
many constraints requirine the attention of the African countries are:

3.1 Policy issues

For the development and successful implementation of a maintenance
programme, it is inevitable that needs have to be esztablished. HMaintenance
needs can only be established when information on the level of mechanizat-
ion and its long-term evolution is defined. To this end; policies and
strateaies on agricultural mechanizations need to bhe defined. both at tie
regional and national levels. With tho excepticn of few countries in
Africa, mechanization policies and lcong~term strategies do not exish.

As a result of shift from cne level of technology to anotehr and the
haphazard nature of development of the use of agricultural equipment, no
systematic development of maintenance capabilities could be made. It is
noted that at some stage when tractorization w.e proular g : ~kF—or- of Jorier
workshops and service stations were .ushwooming, howeves Tri o-wmd e

service workshops had to close down and trained technicians nad o mcve.
to other sectors due to later shift to animal traction and cdwindiizer
imports.

Furthermore, not only is maintenance of agricultural equipment coastrain=d
by the absence of mechanization policy and long-term strategies, but there
is also a total lack of policy on maintenance. There is lack of commitied
policies or constant practices as to who shall be responsible for the
import and distribution and services of irmorted or locally manufactured
equipment .

At the operational level, the options of maintcenance systems are uol huows
even if known are not articulared or adhered to. For lack of defined
quidelines {what level of maintenance to perform when. what maintenance

to perform where, and what skill level and environmental conditions are
required for the different tasks of maintenance} wrong maintenance
practices are normal features. This leads to. higher down-time of eguip-
ment, high maintenance cost and lower productivity. Furthermore, capaii-
lity building for maintenance or effective utiiization cf tacilitizg or
resources through planned maintenance practices are unattainable. In orcer
for improved maintenance to result, the following policy aspects ought oo
be formulated and enforced : ' : :
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- The elahoration cf the chosen level/levels 2f asricultura
mechanization,its long-term evolution and systems of review in
relation tc production and maintenance;

- Policies for the nromotion and coordination at the national level
of the develonment, nroduction and maintenance of acricultural
equinment and implements; and

- Pnlicies with recard to defining the modalities for participation
and the areas »f oneration of the variocug irstitutions involved
in the Adelivery »f maintenance or support services.

The definition of overall volicies will help the lona-term development

of maintenance. However, unless such policies are Ffurther strendathened
by detailed policy in immlementation,thev will not achieve the purpose.
Africa at present imnorts most of its nceds. Whatever degree of capabi-
lity has been achieved is heavily denendent on imported components, parts
or raw materials. Ouality of imported inputs and their designs vary from
suprlier to suwplier with the result that maintenance needs de vary both
in nature and freguency from machine to machine. As a result of market
forces cor other socio-political considerations, the types, makes and models
models imported to a country are manv and varied. With increasing numbex
of makcs and models of equipment, building maintenance capabilities is
made difficult. The variocus types,makes and models reguire varied skill
levels and provisioninag of 2 wide ranage of srares. In additicon to
requiring huge resources, this is near impossible to satisfactorily
oraanize.

As imported ecuipment is not designed takinc into consideration African
conditions, adaptability in most cases is muestionable. From both

Zambhian and FEthiopian experiences it has bhecon witnessed that parts and
components workinag normelly in the countrv of oricin fail in Africa. This
has led to verv hicgh demand for cxtensive maintenance and parts, which
are not readilv available in soma cases. This is partly due to the absence of
nolicv on WP procedures,such as demendina the execution of testing and

evaluation nrior to import and lack of npolicy on standardization. The
formulation and implementation of such nolicias »n testing and evaluation
are further restrained bv lack of both know-how and absence of infrastruct:
ure. Formulation and acdherence to standardization policy is not casily
realizable, vartly due to lack of accumulated knowledce on the performance
of anv smecific model and the danger of crcatinc mononoly market. It is
also in some wavs difficult to implement due to various restrictions
imposed by sources of finance and alsec because of donor assisted projects
which often remuire purchase from donor countrv only.

whatever the constraints may be, formulatinag and enforcing standardization
policies for a succesgsful maintenance procramme and adbherence and commit:-
ment to standardization are imbortant considerations. To this end,attemnts
should he made to minimize the number of makes and models of imported
agquinment, and fix the pinimum number to be imported to be comensurate
with available maintenance facilities. Testina and evaination may be cost-

1v an? time consuming hut their merits in the long-run are warranted an?, therefore,
@wvernments need to fevelsp rolicy cuidelines as woll as assist the building of capabi-
litjes,
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5,2--Insbitutional-suppopg

The development of maintenance capacity will hardly be achieved without adequate
government support. Certain aspects of maintenance inprovement programme reguire
& more global and defailed analysis which demond a wide spectrum of gkills. Further,
the development of an effective maintenance programme requires significant amount of
resources. The benefits of sood maintenance practice are of long-term nature and

not directly observed. Tt reouires institutional support which are lacking or
Inadequate in Africa. As & result,meintenance improvement programmes are constrained.
Among the many institutional supports for better maintenance are:

3.2.1 - -Research -and development

Research and development on maintensnce is an important element for
effective plamning, designing systems and execution of maintenance.
Research on meintenance is costly and tire consuming., It deals with
detailed investigation of frequently occurring maintenance problems
on individual machines and the development of methods of minimizing
such problems. Tt also means investigation on wrong designs, wrong
applications, quality of materials and wrong maintenance practices
and dissemination of the findings to end users. The complexity and
extent of research in the field of maintenance mMakes it virtually
imposeiblet for operaticrnal units to attempt. Therefore,

developmont of such canabilities (which are presentiy lacking}
bv gnvernments is an important consideration.

3,2.2 - ‘Finance#al -assisbance

Maintenance requires the building of infrastructures. These consist
of -buildings to house maintenance, workshop equipment, specialized
and general tools and adequate stock of spares. Te build such
facilitles requires substantial resources. The rate of return on
investment of maintenance facilities is low. Furthermore, most

of the = financial reoquirements are In foreign exchange which is
scarce. While most financial institutions are ready t+o finance
investment on rew equipment they are reluctant to provide resources
to bulld maintenance infrastructures. For lack of rescurces main-
tenance is being undertaken insidernildincs which:are not
anpropriate and poorly equipped.

The building uo of inventory of spare parts ties capital and is
associated with frequent needs of foreign exchange. Foreign
exchange is not only required to replenish stocks hut also to meet
urgent needs. The present system of allocating foreign exchange
does not differentiate between need of spares for agricultural
equipment from others or urgent needs from replenshment for

stock. Orders by direct remittance, cash against document,

and revolving letter of credit are effective means for enter-
taining urgent needs. Presently both siuppliers and host
sovernments require the proczssing of foreign exchange vermit
applications and opening of letter of credits for even the smallest
orders. Such practices entail increased lead time (zs much as
nine months to a year betore parts are received). This in

turn has led most cnerators to resort to canibalization which

if exercised frequently has disasterous results.
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Tor maintenance to be effective there is need for support from and
commitment of finesncial institutions to rrevide resources and
faeoilitate faster means of thoir acouisition

3.2.3 Information system

Information on lives of machines; overatina bours, maintenancae

enets and necds for spare narts ousht to be accumulated for sharine
exrarience in tho ifentification of apnropriate ccuipment as well as

in devalonine improved maintenance systems. In the absence of 2nv
central oraan feor the accumulation and nrocessinc of such informeot-
inn, hoth the implementation of aaricultural mechanization and mwrin-
tonance immrovement nrocrammes would be Aifficult. Processed informe-
ation{tvnical of Lfricar conditions} would facilitate the decvelor-
ment 0f cffective maintenance systems. African countries should
congider the establishment »f such information centers aimed a
creatinre a means f-r axchanace of African exneriences. .

3.3 Instituti~nal frame-work and infrestructurc

The creation of instituvtional frame-work and buildina infrastructure for maln?ena;c:
as noted earlisr remuires substantial resources, clear and definite policy cuidelincs
. on mechanization and maintenance. As neasant acriculture dominales the African'sc?ne,
delivery of maintenance and buildina of infrastructure is a complex matter. € is
so, partly due to individual ownership of ecuinment and discersed and rural locat}on,
Unless the institutional framewor is clearlv desicned and infrastructures are built
followine the instititional framework, the introduction of maintenance system is mace
difficult.

Few African countries have mapmed out such a frame-work or initiated butldina
infrastructures. The absence of infrastructure is critical at all levels.

3.3.1 ™ +tral maintenance werkshon

The usaful life of acricultural ecuipment can be extended through systom-
atic and wcll oraanized nreventive maintenance schemes. Facilities for
rebuildine or re-aeneretion of commonents, narts and assemblies are
reouired. The acouisition ¢f new cquipment is gettine more expensive
gach dav and the noed to make the maximum use of ecuipment on hand is
advisable. The few facilitics that arc available in some countries dc

not fully meet demand. The buildinc of such facilities is expensive as i:
recuires sophisticated ecuirment and hichly skilled mannower and, as such,
needs to be oreanizad at national Tevel in most ceses. The absence of sucl
facilitics have either led teo discardinc useful ecuipment or the improvcr
handlinc of such ropairs in thes ebsence of the necessary facilities.

3.3.2 Roeioral mnintenance facilitias

The cost of transport of acricultural couirment to central maintenance
facilities is hich anéd certain maintenance activities are not satisfactor
ily dance with mohile or ficld serviece. Whers larae-scale farms are
involved, whather nrivate or state-owned, they may find it feasible to
orcanize thoir nwn facilities. Ynwever, as regards the small emergent
farmer or reasant farmer, there is = raed to oreanize such facilities
¢lose~bv to minimizz transnort. With loncer distance the farmer needs tn
travel, be mav find it hard tn discngaoe himself from his eguipment for
fear of not raceivinag it in time. TFor lack »f maintenance facilities
rlnse=hv ha is tomnted to continue uwtilizine his couipment without main-
tenance or in the incanaciteted ceondition. This could lead to major
break down and failurc of critical narts which would shorten the useful
life of tho enulpment in cucsticn. The absence nf such 2 net-work of
facilities close to the farmer is A mainr constraint.
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2.3.3 1Nasic meintenance facilities

"hether it 1s a auestion of zrimal draucht technolnoy or mechanical
powered technology, there iz +he need to build some rudimonc v se.vice
And rencir cr-ahility for 0Ll miues 7 £ widts closo~l
The establishment of such facilities bv individual farms, in particular 57
the opeasent, is neot possible. Farmers are nable to maintain their
simnle tools and implements for lack of such facilities. To get such
services thev have tn travel lona distances. Such services would havs
been conveniently organized if farmers were organized into producer and
service cooonratives. Basic facilities could be eorcanized a2t andfor - -
~merative contere and thoreby within eccy reach of the farmers, But suvor
nrnducar/ser7ice cooperatives are either non-existant or arz in the .
process of neino orsanized. Some countries, however, are positively ’
wroaraseine in this directinn.

T . ) .
In the absencn of comweratives, villace black-smiths could be organizod <o
cater For such services. However, the latteor are onlv nresent in few
countrins and fower locations to make an impact. Further, these villacce
black-smiths need to be up-nraded. Because »f their sheer number an
dismersion, ruch effort is rocuired to create capability to fully cater
for such sorvices.

3.3.4 Auxiliarv and supnort Sccilitics

Mechanical workshops v NWot =11 agricultural ecuipment parts and compoacr -=
are disnnsablc because they 7re worn out. Some comnonants can be rewsi~.d
or rewsrked to b usod for scecond and third cyeles. The ability to
pexform such reworks would sicnificantly reduce maintenance costs., Forv
this, w2ll orcanized mechanical workshop are reguired. Such facilitier oo
costly and are not viable in 211 cases. The limited number of such wor* -
shops availahlz in some African countrizs are mostly located in urban
areas far from sitos entalili: @ travel »f long distances and loneg queuas.
The strenctrening and develomment »f a net—-work of such fecilities will
siagnificantly enhance mairten~cnca. Such facilities could alsc bs uscd ©o
mznufacture some critical units until oricinal parts-are reczived. :

Supoly of raw materials anl snares - The scarcity of raw materials anl
spares is 2 major constraint. The problems related tc raw materials =n
snarcs can he summarized as fo” lows:

- R3w nmaterials : Stcel and steel alloys in particular are importc!
1z and, therefore,; face the same foreign exchange constrai:tco
?s 2 rasult. they ar2 not avallable in the guantity or gualitw
roeauired . Furthermore, lack of capabilityv te identify, test and
verify the right snecifications for materials is a major short oo
ina in Africa. The naintcenance problem of locally manufactured
aariculttural eguirment is further comorunded bv the use of poox

cauality materials.
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- .Spare -parts The problem of spare parts emanates from :

~ large number of makes and models:

~ inappropriate eguipment package,

~ 1nexper1enced operators, improper use of machines;

~ improper maintenance practices;

~ irddequate allocation of forecign exchange;

~ long lead time for acquiring foreign exchange allocation;

- long lead time for delivery of parts;

~ limited know-how In the management of spares;

- limited net-work of supply points for spares: and

- absence of facilities for the manufacture of critical parts.

Due to its essential nature, the problem of spares stands out as the most crueial.
The shortage of spares could, however, be significantly reduced if correct maintenance
practices are enforced. If plarmed maintenance is performed to uncover conditions lead-

ing to equipment break-downs or harmful deteriorstion, or equipment_ is adJUStedaITﬂ3alf-
e, changed or overhauled while these conditions are still in an early stace, parts
requirement can be minimize? an?d the need for urgent spares can be avoided.

2.3.5 . Techniosgl -assisbance

., JAgricultural equipment, in particular those that are non-traditional, are new to African
countries. Besides, bhecause of the wide range of available technological packages, their
proper utilization and maintenance is complex. The building of infrastructures, the
formulation of policies and the introduction and implenentation of maintenance systems
will be ineffective unless the end users are glven training 1in the new equirment pack-
?Fe and systems, Obvi-misly,technical assistance is required for the transfer of know-
oW

Technical assistance from suppliers bto introduce new equipment, technical asaistance
from international and national institutions in the training of personnel, in building
the physical facilities,in improving the maintenance system, and in the implementation
of correct procedures is required. Technical literatures, such as service mamals,
repair manuals and parts catalogue have to he made available in the language users
understand.

At present, most suppliers advertise the availability of technical assistance in
creating users capabilities  They have not, however, gone beyond sales propoganda.
Several technical packages, both from,bilateral and internationsl sources, are delivered.
- Infortunately,they, for lack of proper identification of needs, re-~direction
towards actual needs and coordination, have not redistered marked changes
when viewed in relation to the amount of resources expended.

S 4 - Manpower

Efforts to be made for the implementation of even a well developed maintenance plan be
justified only when there are trained persomnel to put the system into overation.

‘Mannower development is a costly and time consuming exercise Trained
mAnDOWer is key to maintenance improvement programmes. -
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Imoroved technological packages in aoricultural mechanization are recent innovations
and, as such, without a structured manpower development plan, it is hard to expect any
success from their introduction. The avallablllty of skilled operators or technicians
in Africa is far below the need both in quality and number. Besides, very few Africar
countries have any kind of institutions for the training of maintenance engineers or
technicians. Agriciltural machinery, because of their diversity and special applicat-
ions require specific means of introduction. Eventhough some degree of awareness on the
importance of maintenance is visible, redirection of training institutions towards main-
tenance does rot appear to be foreseen.

Lack of incentive schemes for agricultural equipment technicians have, in some cases,
resulted in loss of experienced technicians to other sectors. This is partly due to the
fact that agricultural eguipment maintenance centers are in rural areas and many
opportunities exist for skilled technicians in major urban areas. A well designed
incentive system for both operator and maintenance crew could result in significantly
minimizing maintenance needs, increased productivity and reduced operational costs. For
example, a commercial farmer in Zambia who has introduced a system whereby one operator
operates the same and the owner personally inspects each machine once a month for
defects, lncludlnq loss of fastners, dried lubrication points, and rewards those
operators whose machines passed the tests, claims to have all his machines over 20
vears old fully operational.

In addition, the absence of career development plans whereby individuals would be
motivated by seeing themselves developing through the hierarchy is a serious shortcoming.

Manpower development need to be addressed far ahead of the intrcduction of new
technology. However, such a practice is not being given due consideration.

3.5 Linkage with research, . production, extension and maintenance

Improvements, in research and development, manufacture, extension and maintenance of a
technological package require strong intra-linkas=c  Research on evaluation and
improvement of existing technoloay or on design and development of new ones,

requires feedback from industry/production problems and constraints; from extension
services on adaptability, acceptance by end users, and operational problems; and from
maintenance on the guality of products and maintenance constraints. Similarly, for

a maintenance improvement programme, information on design changes, manufacturing
chanaes and feed-back from extension on field problems are pre-requisites. To facilitate -
communication of information and continuous consultation, a working framework is
absolutely desired.

At present, in most African countries, because these aspects of a technological improve-
rent programmes are under the suoervision of different ministries, cooperation, either
at the top or at field lewel, is poor. As a resuit, agriculturzl machinerv development
and manufacture is constrained. Break-through in developmental work resulting in
acceptable designs which bring significant changes has not happened. It is observed
that in some countries in addition to developing independently of each other, in some
areas there is significant duplication of effort. The problem of coordination has
different faces in market economy and planned economy countries. In market economy
countries, distribution and maintenance is in the hands of the private sector while
extension and research is in the public sector. Under such conditions, each business
entity operates virtually indemendently, each gquided by its own interest. In planned
economy countries, environmental conditions for better cooperation exists. However,
because of lack of flexibility and lack of policy orientation it has not been .
effectively utilized. Furthermore,the division of responsibilities in such countries
are not clear always. For example, certain activities related to maintenance are left
unattended. These include the delivery of spares and after sales services.
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different faces in narket economy and planned economy countries. In market
economy countries, distribution and maintenance is in the hands of the ™
private sector while extension and research is in the public sector. Under
such conditions, therc is lack ©f cooneration, and each business entity
operates virtually indcpendentlyv, ceach cuided by its own interest. In
nlanned economy countries, environmental conditions for better cooperation
exists. However, because of lack of flexibility and lack of policy orient-
ation it has not been effectively utilized. Furthermore, the division of
responsibilities in such countries are not clear always. For example,certain
activities related to maintenance are left unattended. These include the

. delivery of snares and after sales services.

Iy, APTPROACHES TC IMPROVING MAINTENANCE

Introduction of a programme for improving maintenance of agricultural equipment requires
different approaches depending on the degree of constraints prevailing in a aiven
country. Afdressing issues related to each snecific cauntry canonly be
elabnrated after a review of the existin~ situation. Amonc the many
factors affecting the choice of apnroach includer

- The nature of the country's economy (whether planned or mixed);
- The size, relative importance of the different systems of
agricultural practices (irraated rainfed, large scale or
small holders, ete.)
- The level of technology in existance, short and lone term trends
of agriculturzl mechanization policies;
- Population of farm equipment;
- The level of infrastructural develooment,includina supnort services;and

' "hether maintenance is crganized for own fleet or for service to others.

Here an attempt is made to indicate the general approach to be followed in introducing
a maintenance improvement programme with some references to the differences between
plarned economy and market economy countries and to whether maintenance is organized for
own fleet or for service to others. Pn indication of how an agrisgitural equipment
maintenance irvroverent nrooraay cvcele would look like is given in Chart 1.

4.1 - Assessment of maintenance needs

-

Whether at national or farm level, prior to engaging oneself in a maintenance imperement
programme, it is necessary to assess maintenance needs. Maintenance needs of agricultura
equipment are dependent on the tyne and population of equipment. Planning of maintenance
improverent programme at national level requires the identification of the:

- population of equipment by type; o

- population of equivment by user;and

~populatien of equirment by location.

- -Population -of -equipment by btype

Agrieultural equipment packages, as noted earlier, consist of a wide variety of
components., The type of mainbenance required and the frequency of maintenance needs
are different from equipment to equipment. In order to arrive at the total magnitude
for each level of maintenance, equinment mopulation by caterory and class is
required. This will enable to define overall infrastructural requirerents, labour
requirements and all auxiliary services needed. As dealing item by ifem weunld be
imrractical, eauirment would need to be dealt in cryd. Toole 1 oresents such
crouning.



ECA/IND/ENG/009,/88

<], EQUIEMENT POPULATION
MEggﬁggéATION ASSESSMENT OF FXISTING - .
, _ L -
AT | AGRICULTURAL HQUIPMENT  RE—~~——@—~ | poppvpgr DISTRIBUTTON
... .. .(GEOGRAPHICAL)
................ / a e e e - e . . .
j . RS . [REISEELL LR s
-+ 4- - {NEW EQUTRMENT) - - - - - ] BEQUIFMENT DISTRIBUTION
' ' , : I tBY END USER)
. MATNTFHANCE PROGRAMME
----------------------- l
g |
e T L R 17 o
....... NEEDS ... — — NUMBER OF MAINTENANCE
*’ 1. ESTABLISHMENTS 7
T AT . ' e ——— FESIISITIIETIINTIRRINRRIES f
NEW NET-HORK OF MATN- ...Eﬂ@ﬂﬂhﬂﬁﬂﬂﬂ@_;—&-——_mﬁm*%y**. %ﬁg%gggﬁﬁg&gnh» #%
ENAHCE ESTABLISHYENT | (GEOGRAPHICAL) ‘
| 2 PSP |
! }
----------- N : Hwowmmﬁ
- RELOCATE ] : ¥

! - STRENGTHEN FACTLITIES
- STRENGTHEN MANPOWER
- CONSTRUCT NEW

| ESTABLISHMENT




ses 15

n

ECA/IND/ENG/009/88

Table 1 : Sugaested clagsification of agricultural emuipment ’
Cateqorv Class 1 Class 2 ! Class 3 heavy duty N
Tyoe Examples of tyoes Tyvpe Examples of types Type| Examples of tyoes
1.,Hand tools Sinmple Hoes, axes, sickles,)] Simple | tanual wheoled
tools mrchets, pick-axes] inple- | seeders,
shovels, walking ments fertilizer drills,
sticks planters; spreaders, knap-
forked hoes sac spravers
{manual)
2. Animal~ Simple ‘Maresha' and Multi~- | Tool bard,; land
drawn zlem— board ploughs, nle ievers, planters,
irple- onts cultivators, elenr- geed drills
rents harrow dicks, ents
] spike tooth ) )

3. 8] f-mro— Tight Power tillers, Medium | Tractors 50--100 WPl Heavy | Tractors atowe 100 HP,
nzlled nmoterized trailed harvestors) combine harvestors,
machincry knap--sac dimsel pums and sprinkler irrigation

sprayars, tractors dgenerators ;sub-- systems ,dozers. araders,
upto 50 HP, reysible punps, scrappers, loaders, etc.
threshers manual ot
foed, shellers,
« Clectric centre-
fugal s,
trailars, ete.
4, Trailed/ Simple Sub-soilers Conplex | Planters, sead

drawn drive chiesel ploughs, drives drills,dircet

imple- mould hoard drills »

rments rloughs, disc soreaders,

ana nlouchs Bprayers

machinery cultivators, land {

levelers, ridoers
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- -Population of -equipment by -user

Making inventory of agricultural equipment by users will meke it possible to 1dent1ﬂy
the levels of maintenance needs +o be addressed by sach tyoe of user and the
services Jemande”, Fonr +he nurmnse ~f thlsxﬂﬂilcﬁnnn,'UL.f)lIWﬂn”
classification of users is recommended -

- Small holder upto 2 hectars:

—- Small holder with 2-10 hectars,;

- Commercial farmer or cocperztive upto 100 hectars ;

~ Cormercial farmer or cooperative with 100-2,000
hectars and tractor hire schemes with upto 20 tractors ;

- Commercial farmer or coopsrative with 2,000-6,000 hectars: and

- Commercial farmer or cooperative above 6,000 hectars and
tractor hire schemes above 100 tractors.

-- “Fopulation -of -equipment by Tocabion

Distance is a crifical factor affecting the kind of net-work of maintensnce facilities
to be organized. TPopulation by location can be established following administrative
subdivisions or zones. As the concept of administrative division differs from country
to country, the following have been assumed for the purpose of this publication :

Zone : The first administrative sub-division in a country with territorial
coverage of upto 150~-200 km in radius;

- - -Disbtrict: The next lower administrative sub-division with territorfal
coverage of upto 75~100 km in radius; anqa

- . -Sub-disbrict : The lowest administeative sub-division with territorizl
coverage of upto 30-50 km radius.

The above requirements for plamning of maintenance improvement programe at national
level alse A»nlv at operational level.

Once the population of squipment is kmown, the actual type of maintenance required by
each category needs to be estimated. Tbe type of maintenance work for agricultural

equipment would comprise :

- Inspentlon © This consists of periodic checks to be made on equipment either
through visual,instrumental or operational means to establish the condition of equip-
rent  and to Aetermine nee?s for repairs in order tn prevent interruntion
of operatinc equinment. Inspectinn activities vary in intensity depend-~
ing on the different levels of technoloagy.

- .Sepvice :  Service is maintenance performed on equiprent on scheduled bases
covering The ¢leaning and application of lubricants and consumables.
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- Preventive maintenance : This covers activities nerformed on equiprent to
avert harmful conditions throuch adjusting and replacement of parts and
components. It comprises maintenance work prescribed to be performed
at intervals throuchout the life of tbhe ecuirment. ILike inspection,
rreventive maintenance activities vary in intensity and conten:t lepending
on the levels of nreventive maintenance involved.

~ Break-down maintenance : This covers maintenance that is performed after
the phservatinn of Aefect or occurrence of failure of equip-

ment or its components. It entails, in most cases,repairs or
rernlacement of parts and components.

= Overhaul : Overhaul is a maintenance activity done on equinment and
involves the total disassembly, repair, replacement and re-assembly of
all components with the aim of extending the useful life of ecuirment.

Estimates of the frequency of the different kinds of maintenance for the different
catecories of equipment is given in Table 2 alona with labour hours recuired.These
estimates of freauency can varv depending on the workine conditions, environment and
the level of maintenance facility as well as on whether strict planned maintenance
programmes are followed or not. Estimates for break-down maintenance are not given
as these depend on manv external factors and therefore need to be established on the
basis of local experience. Inspectionnreventive maintenance commrise three
levels indicatina weekly,monthly and cuarterly for lighter cateaory of
equirment an? monthly, quarterlv and vearly for heavier categories.
Freguencvy with loncer intervals are aiven in terms of fractions.
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: Estimates of maintenance freguency and labour time

Table 2
) Service " Inspection Preventive Overhaul
_ - . —
Cateqory Class 1st] 2md | 1st 2nd | 3rd 1s 2rd 3rd,
F|T] F |T JF |1 F|T|F |T |F|T |F ]I F | T] F T
Hand tools | Simple tools. [ ~| - - f- |-~ -~ {~- |21 [1 |-}~ (111 1 |1 - -
and imple- 3 3 | 1 7l 3 i3 k
ments Simple imple- | 2} 1) ~ |~ |= |-} 1ty ta 1 t-})-fai1] 213 |
ments 4 2 13 12 L ]2 3 - -
Animal- 5i gle 211 -y~ 1=~ 1 ¢1 (1 {=-1- 1|1 1 2 - -
drawn imple-| elements 4 213 1|2 2] 3
ments
T
Maltiple :
elements alil - f-tafal 2 1)y fy og- |- J1p1p 1 a1 8
4 4 2 13 3 12
Self - . :
Peilgm Light 4111 1 |1 j4-01p 1 {1 |1 [4 (1 [4 (1 |8] 1 |16 | 1 48
oquipment 2 ] EEE 3 3 v} 18
machinery | Tedium AT (3 [a (I {17 TT 1% 1118 [T 18] T {611 96 |
2 3 3 12 48 ‘
Heavy A1 1T L Ta (It T {1118 ¥[8 [1 e} 1 321 144 i
| 7 | |zl 3 3 2 48 .
Trailed Simple 47111 )1 ¥ 11 1)1 j1 2 N - A ) B 8 | 1 24
imple- drives dy 3 12 4 2 13 12 24
ments
Cormlex
drives TR O O W 1 W I O N U 1 R I T T e N A - O 6 T30 48
21 3 1 2 3 1z 24
| — | - i
F = Freguency (number of times per month) . %ig : E“;ﬁiﬁ% Weekgl?” monthly.
T = Time (hours it takes to do the service). 3rd = Quarterly/yearly.
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4.2 BAssessment of existing mainteonance capacities and capabilities

Once needs at the national or operational levels are established, existing maintenance
facilities should be exhaustively reviewed prior to building additional facilities.This
entails detailed assessment of existing capicities and capabilities. All relevant
institutions engaged in the delivery of meintenance services for agricultural eguivment
should be surveyed. To facilitate undertakinc such a survey and -
suhsequent analysis, a svstem nf classificnation nf maintgn?ncetigstltﬁt;sc
i i Aad ., L i j i i use ar 11ls nurnosc
fons is nee’ed. R LyPicatndugstionielhs EBIER.E8:8°:

- Location
Infrastructure
- Building
- Fquipment
- Marmower
- Organization
- Support services
-~ Financial
— Tardget users

Using the information acquired through the survey, institutions should be classified,
particularly if such an assessment is to pe done at national level. The following
classifications have been adopted for the purpose of this publication:

Clags 1

Artisanal : Maintenance facility owned and operated by individual or family,employing
up to five full-time or part-time labour and using shed or small room equipped with
hand tools for repair of farm tools and small implaments.

Class 2

Basic service station : Maintenance facility owned and operated by a small commercial
farmer or cooperative or private entrepreneur employina.up to ten persons on full-time
basis and usinc a shed or enclosed semi-permanent or permanent building capable of
housinag a tractor for maintenance and equipped with hand tools and small workshop
equipment to execute bhasic routine services and repairs on farm equipment for categories
1, 2, 3 and 4 and classes 1 and 2 for a population uoto 20 tractors and associated
implements.

Class 3

District workshop (farm workshop): Maintenance facility owned or operated by a big
comercial farmer or coowerative or dearler employing up to a total of 30 - 50 persons
and -includinag all the facilities of a basic service station expanded to cater for basic
routine sintenance and repair, includina replacement of components and parts
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for all categqories of agricultural eguioment for a population of up to
50-60 tractors and associated implements. Facilities should include space
for ?he repair and maintenance of electrical parts and types, washing and
lubrication along with a small office and parts store. ) “

Class 4

Regional (zonal) workshop : Maintenance facility owned and operated by

a dealer or a large state entervrise emploving up to 150 emplbyees. It
should include buildings with all facilities of a district workshop and
additional facilities to overhaul components, such as engines and éearm
boxis and verform major repairs on all categories of aaricultural equipn' -
ment .

Class 5

Central workshop : Maintenance facility owned and operated by a dealer or
a state enterorise with all the facilities of a regional workshop in add-
ition to cavacity to rework or fabricate parts and components of agricuit-
ural equipment, :

Class 6

Auxiliary workshop : Maintenance facility not fully or specifically equip-
ped for the maintenance of agricultural equipment. It comprise services,
such as wasbing and greasing, tyre repair, battery services, repair of
electrical components and repair of hydraulic components. '

4.3 Establishing net-work of maintenance and related services

Application of low level technologies in African agriculture is cited as a
major factor sumpressing agricultural precductivity. Though it is recognized
that increased use of higher level technologies is a matter of necessity
for increcased agricultural productivity, current level of prices of agri-
cultural machineryv and partes and Africa's ability to handle properly
acquired equipment have stunted the effort. This is further aggravated by
low cconomic growth of these countries which among others i1s manifested

by the scarcity of foreigqn exchange. In a nut-shell, Africa is either
unable to nromote the use of higher technologies throuagh increased inputs
or maximize use of acquired eguipment for the lack of adeguate spare parts
or nrovision of quality maintenance services. The need to build capabili-
ties to ensure extended use of equipment is acute. Extended use of agri-
cultural eauipment with minimal expenditures of foreign exchange is
possible if capacities for delivery of planned preventive maintenance as
well as rogenerate used parts and components are built. Among the
priority action to ensure building up of such capacity is to establish .
net-work of maintenance and related services at national, subregional or
reagional levels. Establishing net-work of maintenance and related services
requires huge investment and therefore, national CGovernments would be
advised to create conducive environment for the setting-uyp  and operating

of such estahlishments.

Once maintenance needs are ° assessed as outlined in section 4.1, existing facilitles
surveved and classified, and demand/supply caps determined, the first step to be under-
taken is to optimise the use of existinag facilities and capabilities. This would
recuire developing an optimal network of maintenance systems. Indications as to how

this could be done are aiven in the paragraphs that follow,
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Artisanal work stations should be established within walking distance of
farmers at district level to mect peasant needs. Their number should bo
such that each statiorn has enouah work and its carmabilities are fully
ptilized. Such stations should ¢ capable to eive services to all

equipment in cateqories 1 znd 2.

Basic eccrvicn stations should be established within a district to mect
needs of peasants, small commercial farmers, cooparatives and tractor
hire schemes. They should he located close to where basic infrastructu
are availahle. Thev should also he At distances ensilv accessable kv farmers so that
farmors rre ~-1- 0 come ond reccive Ragic services ~nd return the s="L'41V. Dxendd
ind on the emuiprent ~omulation and catecorv, hasic service stations may be established
within A radiue of 12-15 kil~mcters to service 10-20 tractcrs aryd assoc1ated ermainment
an® implements. Tasic serviee st=tions shoul? nrovilde maintenance for catecories l,*r

an®™ 3 tclass 1} and catocrv 4 (class 1).

Nistrict workshops {farm workshops) should be established within 2 region
nr zone to meet the needs of farmers usinag equipment in cateqories 2,3

and . Thov should be locatod within short distances from farm using thoir
servicecs. 5 maximum distancs of 50 kms. is recommended. Such a unit may
he considered within an arca where agricultural equipment population comp-
nrises F0-10% tractors. District workshops should provide preventive main-
tenance and renzirs {short of overhauling) to all equipment categories

Reoional {(zonal) workshor should be cstablished to meet major repairs and
overhauls of aaricultural ecuionent within a region* where they are
located. Thoere should be ~doouate wpilt-in flexibilitv in the Adesicon of
regional workshops to accommodate variations in maintenance needs.

Centr=1 workshons whose numker and complexity should be determined taking
into account auxiliary facilitiees in existance should he established.

? central workshoo mrv e estmhlished where thore are 3-8 regionel
workshons . Vhere central workshops are not justified, consideration

should he agiven to egtahlishing worksherns for snecific services.

¥ollowina tho above cuidolinees, orntimm netwsrk can be plarmed. and short and lona-
short and long-term develorment stratecies for a maintcnance improvement
proaramme formulated.

1.4 Ortirization of existinc canabilities and capacities

The first task of =an irmrrovemant proaramme, once demand/surnly gaps are
establishcd, is the ontimizatinn of the use of existing facilities. Durinc
the procaess o7 workinag nut ontimal solutions taking aceount of existing
facilities, sceveral conditions mzy arise. These includc

- That the total numbher of units in cach level is inadecuate;

~ That the number of units o2f one level mav be in excess while
that of another lavel, ipadeaguate; '

- That the numbher of units of one level mav be in excess in
one district while inadecguate in another:

- Thrt thae facilitics are adeaguatce but mannower is inadecuate:

= That both manpower and facilities are in excess:

- That manpower an? facilities arc adequate but skill levels ars

low;

*Roaionsl workshops {(zonal} should be build incorporating farm work-
shons for tho district.
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~ That facilities an? manpower are adequate, equipment
nonulation are sufficient but requests for maintenance
services are not forthcomine:

- Thet facilities an? manpower match but demand is more
than plannady ‘

-~ That facilities an” manrower match the need but
oroductivity is low

On the bazic of the conditidms rovenlad in any one situetion, oither at nationz! ov
operational level, th2 followine chould b carricd out before additional infrastructioo -
or institutions ~re considersad far sn irmroveront nrocramre
-~ Immstications of the mnssibilities for relocatino-
Invastinmations of tha nogginilitics for u-cradine:
Investicntions of +ho rossibilitics for strencthenine or
increasine eopacitios of exdistine wnits throust £he incornoration
o missing oouiprent;
=  Mooate mannine of the fecility with the reauired skilled
techniciane or vnorndine tho skills of cxisting marmower:
Consiforin~ rorional cooreration vhore population of
coudoment does not Justify own facilities {(contral
visxkshors in narticular) :
= Investications of th . noszitility oF institutine
extension services to scll the iden of nroventive
maintenanca &nd the adventacas of pronor maintenance
v oouelified nersonncl in an amronriste onvironrment:
= TIrwostisstions of ircentive schernn for workors with o
vicw to rotivating then $o0 increase nroductivitv.

IF and whan ootimization of existine farilities ar: ~vbhausted, tho cuestion of
establishin~ ncw inestitution neod to ' address>? The develonment of an ontimel
mt=work in olanncd coonome cortrios, whore thL rirory rogtonsibility for huil2ineg
capacitics iz in the hends of the sbnic. is moach oirnleor. Thers th: coonomv is orientes
tovards rerbet ccorormv And where maintenance rosts on the nrivate sector much offort iz
rooded to moulate And redireot the doveloprert an? ooeration of maintenance cctablicshe
nts.,  Toralatory mepsueas shoulsd e used to foroo or encourace dealetrs and surmlicrs

n

LIS
o build F-dilirica followine ontire] solution, It is the tendency of most daonlors to

oncentrate: ab maior arkan creas vhore souinment salos is high, To ensure A fair
distribution o ~=intcnance Tacilitiesn. the desimmation of market areas mey be advisablc.

2.5 Falntononoo meoerTnrme

The hildin~ of raintenoncs infrastructurs nrovides the cenecitv to execute maintensnoo,
but thic Aorne rot onoure neithir th o offestivernes~ ror the minimization of oost of
maintenance.,  The overall ohiective ic not the volure of maintonance vork nerformed bt
rather the affuchive reduction of form conte, 1+ dnecrsasine nvodoactive howrs o
minimm reirtensnce and onorationa’ oosts. This further reans roduction ofF maintenince
Isbour tire. winimizine marte userc. shorter maiptenance down tie and lower vse~o of
consumables, euch =r fupl.  To achicwe theso. o ireortant dssuss necd to e o¥iressed
the introduction and apolication of smund maintoensnce nrocedircs and deplovrent of aderuai
number of mualifiod rorsomel. T thic gection a bricf outline of 2 mairtonance
orocramy: is trested whils the cucstion of mammowar is delt in secticn 4.5.

There are two ammroaches to maintenance prorrarme, i.e. break-down maintenance and
 nreventive maintenance. :
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Break-down maintenance is a practice of repairing equipment after a
failure has occurred or been observed. The eguipment coperates until it
fails to perform. Such a practice makes planning of maintenance work and
parts and staff requirements almost impossible. It is accompanied by
total replacement of parts without the possibility Of recycling of parts
and does often lead to longer down time.

Preventive maintenance is a maintenance proaramme wherebv neriodic checks and maintenAnce
are performed on eguipment on reqular basis with the aim of either uncovering conditions
leading to ecuinment break-down or preventlnq eﬁumnment from.danaqe throuch adjusting,
repairing, changing or overhauling of eciirment or parts while wear and tear are at an
early stace. Plaming maintenance work and parts and manpower requirements is,

therefore, made possikle throuch preventive maintenance.

Acqricultural ecuipment are used under a ticht time schedule during specific periods of
the vear. This is why nreventive maintenance procramme is marticularly appropriate for
such equipment, Inspections and preventive maintenance works could be performed on
reqular basis durine slack periods to make the equinment available during critical
rerlods.

Manufacturers of equipment normally prescribe a series of maintenance activitics

{often on hours worked) to be performed on equipment. These maintenance activities
consist of routine inspection, periodical servicesgcheduled preventive maintenance and
overhaul. To ensure effective utilization of available facilities, a system by which
maintenance work is planned, estffated; “scheduled, ‘monitored and reported has to be
claborated. In' order to map out maintenance blans and make estimates of work load,
labour and material inputs An inventory of the equipment catered for have to be made

as well as an identification system by which dach individual equipment is identified nee¢
to be introduced.

The implementation of preventive maintenance could heeasily instituted in user orcanizod
maintenance facilities provided there is commitment by manacement. However, its 1np1e=
mentation, where maintenance facilities are oremnized for other users, may prove to be
difficult. First, eguipment owners may consider it unwise to spend money on maintenance
and may fear that productive hours are lost while nerfornunq nreventive, maintenancc.
fecondly, for fear of not ccttina equinment returned on time, they de not want to part
with their equipment. In order to minimize these constraints the following programmes
may be instituted :

~ Onerate mobile maintenance crew to rerform most
inspection ‘and light preventive maintenance on farm gite.
- Establish a contracting scheme whereby users are requested
tp sion a maintenance contract for preventive maintenance,
for a fixed veriod to start with. This way, users become aware .
of costs of maintenance in advance and can be convinced to partlcipate o
~ in the scheme. o
- Maintenance can be nlanned so that mobile teams can be effectively
scheduled, therehy 51qn1F1cantJv reducing travel time as well as
owerall cost of malntenance This will enable maintenance '
institutions to nake thDlV Drov151on for parts and lsbowur.

- Havwe some key enu1pment available for replacement on Cost haSlS ',
in case eouipment is’ recuired during a period of extended -

maintenance.

To ensure effective implementation of a maintenance proaramme, detailed procedures need
to be outlined in a maintenance procedures manual.
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4.6 Manpower Development

Marmover development need to be considered from two angles: the first to meet new
demands, the sec-n” to increédse internal canabilitics fand to motivate

whrkors,

Skilled manpower is reguired in large numbers if mechanization is to be promoted in
African aoriculture. Increasina sophistication of technology and number of eouipment
recuire hicher skills in larmer numbhers. This noints out to the nzcd for
mannover Anvelomment ~romrammes cearn? towards acricultural eduinment
maintensnce, both at the national and institutional levels.

At national lewvel, wocational schools and polytechnics should develon programmes to
train mechanics and technicians while colleges and universities to train raintenance
engineers. In-service training for artisans should he organized to orient them in
some of the basic principles of maintenance.

At the institutional level,training units need to he strengthened and/or established
to oconduct corientation courses for new entries, familiarization courses on new ecuip-
ment, skill refresher courses and up—grading programmes. Special vrogrammes for
supervisors on maintenance management should also be organized.

In addition, schemes must be instituted whereby workers are aiven opporturities for
continuing their education. ' This would involve classifving workers 1into grows by
functions and working out a system which would cnable workers to oo up the ladder
throuch an uwp=-orading process. The scheme would permit good and productive workers

to be given training opportunities and compete for higher positions, thereby providing
"a mechanism for motivating workers.

4.7 Suwport facilities

Availability of raw materials, spare parts and consumables in adecuate quantities is
among the kev factors that could ensure the success of a maintenance improvement
programme. Suwoply of materials has to be organized parallel to a maintenance system.
This envolves stockine of materials which ties huge amount of resources necessitating
the installation of material management system whichensures the holding of mindismm
levels of essential inventories. In this connection,it should be notedthat inventory
managerent in developing countries has been a major factor contributing to the
inefficiency and failure of production and maintenance facilities. Systems and
mechanisms for efficient material management should thereforc be developed.Several
technigques are available and could be adapted to attain a satisfactory level of
efficiency in inventory management. The present level of costs of ndcxo-computers

and avail~hle inventorv control soft ware nackrnos have made the installat-
ion cf ctectronic- Aata nrocnssinm systcm » viable solution. The install-
atinn nf commutorized inventory control svstem is hichlv recommendced.For
the maintenanc~ nf acricultural eccuinrment, mininum stock shouls he held

~t district an? central verkshons. 7g hol”ina a full ranoe of snire narts
Aan? consumables by ~ach maint~onrnce center is uncconomical, a less costly
avatnn far nrocessine, stockins 2and A{gtrilutinog _. - - devisae”. This
cnul? be @~ne hy cstablishina »a cantral organization and a net-work of
hranch distribution centers specifically organized for this purpose.



o ECA/IND/ENG/009/88
N Page 25

5. PRASIC REQUIREMENTS OF MATNTENANCE INSTITUTIONS memT T e
followina the overall frawework of maintenance establishments discussed in section 3.3,
Chapter 3, this chapter deals with basic recuirements that should be taken into acoount

when considerina quidelines for desionino an improvement oroqramme. Such a  proorarmme
is exvected to serve as basis for developine programmes tallored to specific needs and
conditions orevailing in anvone African countrv. The basic requirements are elaborated
under the following headinas -

~ FPacilities

- QOroanization

- Manacement systems
2 - Financial

5.1 Facilities

Facilities, primarily, consist of buildinas, ecuipment and utilities that are located
on the site. Indications of the ceneral requirements for each level of maintenance
establishment are shcwn in table 3.

5.1.1. Site
See Table 3.
5.2.2 Building

Puilding requirements differ siomificantly dependine on type of eguipment population
and environmental conditions. Table 4 gives indicaticons of general requirements as
aenecral cuidelines for planning. Indications are given in terms of total area under-

‘ cover with sugoestion on the number and size of work bays and types of specialized

. shops to be included, office and storace space needs. BAn indication on suagested type

' of construction is also given. o e

5.1.3 Fouirment and tools

Bouipment and tools recuired for maintenance are indespensable elements for a successful
imnlementation of an efficient and &ffective maintenance nrogramme. BAbsence of
appronriate tools and equipment in adecuate number adversely affect labour productivity
as well as cualitv of repair. Eouipment and tools consist of standard tools and equip—
ment normally used for general maintenance activities and those required for servicing
specific ecuipment. The need for special tools and equipment can be obtained in most
cases from summliers at the time of purchase. Indications of standard tools and equip-
rent by type are given in table 5. OQuantities and sizes depend on the wolume of work

and tvpe of ecuipment to be maintained and, therefore, should be fixed at the time of
implementat ion.

5.1.¢4 Utilities

The tvoe, capacitv and mamnitude of utilities reruired for each level of maintenance
institution, are indicated in table 6. Exact capacities can only be determined when
the list and characteristics of the maintenance equipment is known.

o
i :
%J\
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5.1.1 :Site

Table 3 : Proposed general site requirements for maintenance establishments
Reguirement S T O 'E§ﬁ2hll§bm§ntﬁuh_ e v e e
Artisanal | Basic service station | District workshop | Regional work- |General workshop
S shop '
- On farm, in case of | - On farm,in case
commercial farm of cormercial
' farm
Tocation Villace - Rural town in case - Rural town,in
of mannina co- case run by a Town Town
operative or - cooperative or
private entre- private entre-~
preneur preneur
K . —_ -
A =i 2 2 R 2 2 2
Totnl site area | upto 100 m™| upto 500 m i upto 3,700 o upto 10,000 ™ |upto 10,000 m™
. ' 2 2 , 2 2 2
Built up area unto 50 m upto 300 m ‘upto 2,000 wto 3,000 m [wto 5,000 m
External parking Not 7
ares in teym: : ‘ :
of 1Ibor OF required upto 2 upto 12 usto 36 upto 36
machine -

—_
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a¢: Indications of building refquirements for maintenance establishments

Table
o 7 Establishment
Requirement . o - ﬁ S s ..._-......&_:_. S e ermn ---._,.-:.-..”7-‘-. . et e e e o et e
Artisanal | Basic sorvice station District workshop Reg{'il}alibr_ksh:»p Gental wor}gshop
2

ﬁgil covered | upto 30m @t 156 m2 upto 300 m2 upto 3,000 m2 upto 3600 m2

=L
- b B 33 " r} 33

Size of remaiy 2 smlli/ 1 mdiwnlz/ g ;{'d_é_‘fm g g&::dlmn g Im'.dlum

area in terms g o big

of wnrkhava -

Shong - : :

- Cormonemit or ongine and | For cengine and
Averhan NP NR NR power - train power train repai
T ) repair and overhanl and rec-

cverhaul tifi-ation of
COMpOnEnt s
- Eloctrical R Station for minor Shop for full Shop for full Shop for full
repair of electrical fledoud repair of fledged repair | fledged revair,
parts alectrical components and overhaul overhaul of elec-—
cf electrical | trical conponents
component s and rectification
of parts
- pachining R NR For tmrning. Tor turning, For twming
grinding and grinding grinding (surface-~
drilling milling and . | cylinderical), mill-
drilling ] ing, boring and
' “hening

MR

|
g

b/
c/

l

|

= Tt reqguired.

Small -~ Workbay adequate to accommodate light duty stationary equipment.

Medium ~ Workbay adequate to accommodate medium sizedtractor or similar eguipment.
Bio - Workbay adecquate to accomrodate heavy duty tractors/éombhihe harveesters ard the like.

»

»

3

»

»
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Indications of building recuirements for maintenance establishments (Cont’d)

Cqui Establishment o _ . ___ .. .
coquirement o YssRaT | TRsic Service stabion | District workshop| Regional workshor| Central workshop
“eldinc Maral Station for oxv-acye-| Shop for oxv- shor for oxv=- chop for oxy-
and forging telene & electric src | acvetelens and acvetelene, acytelene electric
Toroinc station waelding and manual electric arc electric arc welding, mechanicz
foraine weldino and welding and forging and heat t
manual foroing manual ment
_ forging
Zhect Statlon Station for cuttinc, Shor for cuttine, | Shon for cutting Shop for cutting, g
xetal wr¥- | for menuzl | shearing and manuzl shearina.bending shearing,bending ing,bernding,rollin
ino vork onlv  lwork and rolling and rolling blanking and presc.
Sattov MR Charcine Charoinag and | Charyinc and Charging and repai:
o L repaly repir 3
vre 7 P Tube remair Tube and tyre Tubc and tyre Tube and tyre repa:
repair repair

28

w
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#aghino ¥F MR Ocer plate wash- High pressure High pressure washi
ang ino station washing with with hydraulic 1ift
creasine hydraulic lift chemical cleaning
and chemical
) cleaning
- Wood work Tanual Manual Manual Plamning and Planning, sawing and
_ sawing turning
_ Office NR NR 2-3 rcoms ot 10 rooms upto 10 rooms
- Storace:

- Parks MR MR Fast roving parts | Full range of Full range essential
store/ essential parts | parts, raw materials
tcol -rocm and suoplies and consumables

~ Coroonent MR MR MR Repaired and & Repaired and awaitinc
storage waiting repair repair

Tvne of Terporary Perranent or seri— |Permanent (low Permanent , fully Permanent ,fully close

Construction | or permanent! perrmanent open or |cost) partly open closed

{1ow cost}, closed closed
bren/closed
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Table 5 :

|

Indicative list of enuipment reguired for maintenance establishments
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Tocation | Zrtisanal |Rasic service station | Pistrict workshop | Regional workshop |Central workshop
1 .Compon-— MR NR NR -Valve seat grinder

ent —Arbor. press

overhaul LB

TR
- Maffle furnace
- Parts washing
machine

-~ Valve seat
cutter

- Diagnostic
instrument for
diesel engines

-~ Stetoscope

- Torgque wrench

- Measuring and
tool set for
diesel engines

~ Pedesgtal grinder

- Riveting machine

- Gantry crane or
bridge crane

- Floor crane

.= Transport carts

- Work benches

~ Engine test
stand

- Bench grinder

- Mechanic's tool

set
- Tap and die set
- Hydraulic test
bench

s

Same as for regional
workshop
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{(Cont i)

location

Artisanal

Ragsic service station

District workshop

Regional workshop

Central workshop

2. Electrical
shoo

}

Electrician tool set
Soldering iron

Volt meter

hreter

f

i

}

- Spark plug tester

Universal elec~
tric testing
machine

Tester for
ignition and
lighting systcm
Pedestal grinder

Same as for

Same as for district
workshop

- Hydraulic

- ¥ork bonches

Drill prcss
press
Lathe

instruments
and tool sets

-Drill press

- Hydraulic pross
- Lathe

Milling
machine

- Shaper
Mrasuring
instruments
and tool set

- Fork benches

- Floor cranc

- Transport carts

]

Bench drill district workshop
Arbor press Plus Plus
Electric hand - Bench lathe - Banch Lathe
drill . —Stator and armature
-~ Soldering iron winding
vork benches
-~ Fortable
universal tester
3. lachine - - Pedestal -Pedestal -Pedestal grinders
shop arinders grinders -Drill prass

~Hydraulic press

~ Lathe (high speed)
~ Milling wachine

.. Shaper

Crank shaft grinder
Cylingerical grinder
Tool grinder
Threading machine
Boring and honing
rachi

i

!
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Table 5 : (Cont'd)
Iocation Artisanal | Basic service station | District workshop | Regional workshop Central workshop
- Metal sprayin
- Plantinc S({’IOP
-~ Measuring
instruments and
tool sets
- Work benches
-~ Flooxr crane
- Bridge crane
- Transport carts
4 Welding | -Hand or -Welding transformer - Work benches )
and electric or generator -~ Carts
forgina | bench j-Oxy-acytelene weld- - Quenching tanks
shoo grinders ing set with ~ ¥Welding transfor Same as for Same as for
~Charooal cylinders mer or generator district district
fired -Welding accessor- ~ Oxy-acytelenc workshop workshop
furnace ies welding set with Plus Plus
with hand |~Bench grinder cylinders Miq -lder —Mic Jder |
or electricl-Hand/angle - ¥elding access- g welde g welder
operated grinder ories =Spot. welding ~Spot welding
; . . hine machine
blower -Bench drill ~ Bench grinder mac by N
~Anvils ~Open-hearth fur- ~ Kand/angla/ ~Pneumatic hammer
~Forger's nace with electric grinder -»Ele?trlc heat
hamers blower ~ Bench drill ) treztment furnace
and tongs |-Anvils,hammers - Open-hearth furq
-Basic and tongs nace with elec- |
Mechanic's j-Mechanic's tool tric blower )
tools set - Anvils,hammers |)
~Hand and gongs )
drill - Mechanic's tool )
)

set
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(Cornt'qd)

Incation

Artisanal

Basic service station

District workshop

Regional workshop

Central workshop

5. Sheet

metal
working

-lever sheaq

~-Lever shear

-lever shear,
-Manual guil-
letine shear’
-Marmal folding
{bendinc) :
machine

~Mechanical gil=
letine shear .
~Circular shear
manual/electric
-Folding and bendw
ing machine
-Power hack saw
~-Nibbler
- Rolling machine

-Mechanical gil-
letine shear
~Circular shear
manuval/electric
_Folding and bend-
ing machine
~Power hack saw
- Nibhler
- Rolling machine
~ Mechanical
eccentric press
- Hydraulic or
deep drawing
mechanical pre
- Oxy-acyetelene
profile cutting
machine

6. Battery
shop

- Mobile -battery

quick charger
= Cell tester |
~ Hydrometer

-bbile battery
quick charger
-Battery charder
stationary
~Cell tester
~Water distiller
-Acid pump
~Hydrometer

~Gas torch

-Mobile battery
quick charger

- Battery charger

stationary

Cell tester _

Water distiller

- Acid pup

- Bydrometer

Gas torch

i

-Mobile battery
quick charger

- Battery charger
stationary
-Cell tester
-Water distiller

~ Acid punp

- Hydrometer

- Gas torch
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{ : 2
Incation | Brtisanal Basic service station| District workshop | Regional workshop | Central workshop
7. Tyre NR ~ Mounting and dis- - Mounting ‘and dist ~Mounting and dis- | <Founting and dis-
shop mounting stand mount inge rounting couipnent] mounting eguipment
- Hot plate ‘ coauinrmont ~fot plate - ~Hot plate
- Tyre filling gun - Hot —lrte - Y “Tyre filling gun | -Tyre filling gun
and pressure gaudgae - Tyre fillinag and quage and guage
ahd guace B "‘J()lcarliz‘;‘r “VOlC?.iniZC!.'

FS. Washinc NE -Hand qreaser ~Washing plate “Washing plate -Washing plate
Aand ~High pressurce ~iich pressure ~High pressue
cyeasing ¥ater purm Hold and hot "ccld and hot water

-011 dispenscy water pumn puamp ‘
~Grease pum -Cil dispenser -011 dispenser -
~Groass pum -Grease pugp
~iiydraulic car ~Hvdraulic car -
1ift lift
~Chernical ‘ ~Chemica
cleaning for cleaning for
comonentg components
I -Work
2. York bays benches i . -¥brk benches -Tork benchos with ~York benches rvork benclics with
lirz main~ with vice with vice vice vice ‘ vio:
tenance -Washing -Washing bath ~Washing bath -Washing hath rWashing bath
bath -Hydraulic jack ~Hydravlic jacks -Hydraulic jack [Hydraulic jack
-Mechanic!s ~Gantry crane ~Gantry crane -Gantry crane FGantry crane
tool sat =Floor cranc ~Floor cran2 ~Floor crane -Floor crane .
-Mechanic's tool -pechanic’s tool ~Mechanic's tool pMechanic's tool |
set sct s&t 1 set
~Special tools - Special tools ~Special touls  [Special tools
- Bench grinders -Bench . grinders  piench grinders
= Bench drill =Bench - drill -Banch drill
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Trble 5 & {(Cont'd)
. At Basic service District Regional Central
: I.ocgtlon m*tlsanal_ staticn workshop workshop workshop
“1C. Yood and —Carpenter's | -~ Carpenter's| -Sawing machine |-Eand saw -Band caw
' opholes hand tcols - han? tcools -Plammer =Ciréular saw ~Circular saw .
U iry wore- “¥Work benches| ~Combined wood -Plarner ~-Planner:
shop -¥ood hand working machine |-tood working/ ~Hood working lathe
drill -, ~Carpenter's hapd| lathe ~Sawing machine.
tools ~Sawing machine | -Belt sander ’
-Bench grirder -Belt sandexrs ~Pench grinder
~Drill press ~Bench grinder ~Bench grinder
~Electric hand ~Drill press -Drill press
drill ~Hand drills ~Hand drills
-Carpenter’'s ~Carpenter's hand
hand tools tools
. Painting NR NR - Uamial ~Paint spray gun -~Paint spray.gun
~Paint mixer -Paint mixer
-Compressor ~Compressor
12 Tool ~-Sct of special ~Set of spacial -vet of special
room NR NR tools tools tools
-Set of mobile -Set of mobile ~Set of robile
equipment erquipment equiprent
-Set of mechanic's| ~Set of tools ~Set of tools for
tools for . . mechanic
~Set of . mechanic . electrician

PR |

clactrician tools
~Set of measur—

ing tools

. €lectri-
cian

. Carpenter

. Vel cr

. HMachinist

. Black-
smith

-Set of
measurin~
teools and

carpenter
welder
ma¢hinist
. blacksmi;h:.

Set nf measuring
tools and instru-
ments

4 a4 o

instruments .
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Pasic service District Regional Central
Tyoe Irtisanal station workshop workehop workshop
Water Very low, Very low, Hiagh, Very high, Very high,
at level continuous
of human sunly Continu~ Continu- Continu~
need ous ous ous
supply supply supply
Hydrant Hydrant
Power MR Sinagle rphase, Three phase] Three Phase' Three
central or own central or| central, phase,
generation, OwWn over central,
uoto 5 kw. generat- 100 kw over
ion, wto 150 kw
C « 50 kw
Oompressed © Nr Self propelled Electric .Electric, Electric,
air or electric, with re- central , central,
6 Ka/cm2 ceiver, system » systen ,
10 Ka/cm 10 Kag/cm 10 Kg/cm
T
NR = Not required.

5.2 Oruanization

Proposals related to organization covering ownership, status, organization chart. key
different lewcls of maintenance establishrments and staffing arc briefly

functions of the
outlined below :

5.2.1 Artisanal
Ownership

Organization :

: Private or family (scle proprietor).

Key function :

Staffing

5.2.2

Mo formal organization required.

Poerform repair work on hand tocls and animal drawn farm

impleoments by manual orinding and foraing technigues.

Two skilled blacksmiths and one helper.

Basic service station

Ownership s

Organization

Privatz, larce family or cooperative or small enterprise if

indeperdently organized as a unit of a bigger organizaticn.

- Key function :

: Onc single team.

Perform minor repair and licht preventive maintenance on farr

imnlements and nronelled eguipment (welding, sharpening, replacine
of parts, lubricatinag, adjusting and charging of kstteries).
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Staffina

Table 7 : Proposed staffinc of a bagic service station

Senior technician
Mrchanice

Welder

Junior welder
Junior electrician
Helpers

Clerk

O | = N e b R

Total

5.2.3 District workshop

Ownership : Private maintenance company (sole ownership or partnership),
‘ branch of a dealer workshon or state maintenance organization,
division of a commercial farm or state farm.

Organization
Chart 2
Manager
or
Division Head
or
Branch Head
Aministrative
Support service
Accourts
1
~ Personnel
Line maintenance Workshop [ General service |
- Tractors/combines unit - electrical unit _ ~ type repair
- implements unit - machining unit ~ washing and
- robile team - metal workina areasing
{foraing,weldina and stores

sheet metal) unit



ECA/]IQD/ENG/OO9/8§

Page 37

Fey functions :District workshon merforms all preventive maintenance and repairs ©»
acricultural ecmuiprent short of overhauling of ecuinment or their components. Functica
of the sections include the followina : .

Line maintenance sectivn @ Perform all oreventive maintenance or repairs on
equivrent (rounting, dismountinc, adjustino, replacing or installing defective rarts
or comorents in the workshon or in the fiald]. ) :

Workshop section @ Perform all minor repairs on parts or comonents or fabricate
non-essential parts to replacs warts or correct major parts by machining,weldinc o
fabricatine. ‘

- General service section : Perform washing and lubrication services on equipment,
ropaiyr inncr tubes and chance tvres, manace' “ast-~rmoving parts store and tool room.

Administrative suwomort services : Perform the functions of accounting, includine
Inveicing, oollecting, dispersine and hookkeening of accounts and handle all
versonnel matters of the staff, such as employment, emplovee benefits, records an
relations.

Stef: ne

R

Tabla 8 : Froposed staffing list of a district workshop

Manage- | .Ominis- Linc ,
Pogitirn ment trative main- Hork General ;
service tenance shop service :
H
Manaciey 1
Secretary 1
Typist 2 7
Supervisor 1 1 1 1 .
Senior technicizn 1 i
Mechanic o |
Junior mechanic &
Electrician 1
Jnicr =lectricisn 1
Welder 1
Assistant welder 1 :
Rlack-smith 2 1
Machinist 1
Tyre ren 2
Clerk 2 1 1 2
Washing and :
greasing 4 :
Total 2 5 15 9 9
— = —_——— JL::::::::::::'::==:===$'—":==J;‘.’:_"‘-2=::::::J_":_-.::::::::: — s — =====C
rand total o 40__ —
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5.2.4 Regional workshop

Ownershin: Private corpany {so0lc ownershin or pertnership or share company}, main
branch workshon of a dealer or state rmaintcnanc: oroanization. :

Orcanization = {3ec Chart 3)

Kev functions : Tlan. direct and control all prewventive maintenance, ropzir and owver:--
haul of agricultural equipment,; short of receneration of parts. The major functions o
AvisIOns and sectione include th. £Hllowine:
(a} Tochnical service division : Perform all preventive maintcnance, repair and
- averhaul on agricultural euipment {short of regeneration of parts) as well ac
ranace proowoent ant inventory of oerts and supplies.

Line maintenance section : Ferform all preventive maintenance or repairs on
acriculturzal equivment: mourtinag, dismounting, adjusting and replacing of narte
failed or likely to fail in the workshop or in the field.

Component overhaul section : Rebulld components, such as engine gear-boxes,
axlos, hudraulic comonents, etc. throush disassembly and assembly and remlace-
ment of worn out or demaced parts. :

Jetal workino section : Perform minor renairs on parts or corponents throuch
corrective measures, such as machining and weldine and fabricating non-critical
naris. '

Cennral service section : Oxrdinate andd nerform washing and lubrication
services. repair tvre and tubes, maintain nlant. and manace tool room and
transrort unit.

Marorizl weneosment section @0 Orgenige: and manace the procurcment ; storace

anvl issvence of parts, raw materials and sumplies recuired for maintenance.

Maintonance planninag and records services - Prevars and review annual, quort o)
and ronthlv mainten~nce nroorvames: schodule nreventive maintcnance tasks:
receive «Ork rogucsts; iritiece work ordcrs on maintenance; maintzin records

on emuinment and works nerformed: end crerare reports to manaccment. .

sneinecoring. cuality control and trainine : Perform inspection and cquality -
asgur~nce scrvicos on oaquipment on scheduled basis and after major maintenance
works: omorate » training unit  for new maintenance personnel and arading
the skills of existing technical mersomnel; and provide professional advice and
ascistance in purchasine, installation and maintenance of couinment and

fahrication of »arts.




CHAR. 3
Organizational Chart for Regional or Central Workshop
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-

{- Manager \

services '

————{-Staff
Audit

Planning :
Organization & methods J

!
|
|
i
i
1

—

’ \
|

Commercial Divsien | [&echnical Services Division Adminstrative Division

b
i
|

Maintenance planning |
and records }

|

L

chontrel & training

Engineering, quality |

|

n — L
J
I \ ' b P
F Line | } Component Metal General \ Material
‘ maintenace J overhaul ! vorking service management
: . r [ Procurement
—- Self F—— Engine L— Machine b Tvre L~ Stores
propelled L__ : shop k: Washing & greasing
eguipment Transmission | Facility maintenance
— Welding “ Toolroom
—— Implemente —— Hydraulic and forging
L_— — Sheet metal
L— Auxiliary Electric

equipment
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{b) Idministrative support services : perform and manage personnel matters, such as
amplovment; manpower development, emplovees’ benefits, records and employee relations:
and accounts, includino invoicing, collecticn, dispersing of funds, reviewing and
analyzing financial needs and sources and ensuring availability of funds.

{c} Commercial services : Perform market studies, liatsing with clients, negotiatinc
contracts and undertaking oromotional work aeared tO increasing maintenance services
to be rendered.

Staffing : Refar to Table 9.

5.2.5 Central workshop

The cwnership, status and organization of a centrzl workshop is the same as that of a
reaional workshop with slicht expansion in kev functions of the metal working section.
These include regeneration and fabrication of parts for repeated usage or urgent needs.

- 5.3 Management system

Manadgement systams help to simplify work,; streamline channels of cammnication, provide
uniform system cnabling functions to be properly monitored and through recording and
reporting enable management to ovaluate porformance. Management systems could vary
depending on the overall cbjectives of the institution to be managed. With'regard to
maintenance oraganizations,the following key management systems are considered relevant:

- Manrower development
~ Maintenance management
Customer relations

- Material manacement

Manacement systems are normallv premared in the forms of manuals where overall policies
ard working procedures arc outlined. 2s it is not possible to aive details of these
systems in this publication the presentation,of necessity, had to be limited.

5.3.1 Manpower development

Manpower doevelonment system helps tn motivate workers to take new challenges or additional
work or up-grade the quality of services. Tt embraces a system of job classification
ensuring career development within the institution and the training of persomnel to enakle
them take more responsibility. The followinag are some suggestions for classification,
training and skill up-arading systems that should form mart of an overall manpower develop-
ment svstem. ‘

Clagsification:The fellowing classification of technical personnel of a maintenance
organization is provosed.

Junior technician : New entry with formal education from a recognized technical
institution working under the supervision of a hicher level technician or performing
licht maintenance tasks on his own.

Technician : A technician with some years of working experience in the field of
specialization and certified as capable to satisfactorily perform all routine maintenance

activities on his own.
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Senior technician : A technician with some years of working experience in the field
of specialization and certified to satisfactorily perform all routine and complex
maintenance jobs. o ,

Lead technician :A senior technician with basic training in supervisory function and
certified to be capable to lead a team of technicians.

Supervisor/Foremen ¢ A lead technician or senior technician with supervisory training
and experience cdrtified tc be able to lead several teams of technicians,

Up—grading

Technicians from none level should be able to undertake more responsibilities or occupy
the next hicher level if they are proved to have acyuired the necessary skills provided
there are vacant rositions.Tre institution  should also develop a procedure whereby
individuals are ahle to up-grade their skills and ascertain their qualifi-
cations. The following is a typical system thrat nan be employed:

- Requirements are first set for each skill lcwel. _ o
- Technicians are aiven ormortunity to taoke skill up—rraiing training.

— Those who have successfully completed training are given opportunity to
sit for a gualifving test.
- . uccessfully pass
S RUSH Yr

New entrees : A system of taking in apprentices should be  instituted.Orientation
and familiarization courses on specializes machines "skould he gtven to new
entrees Auring the vneriod of apprenticeship. Only apprentices who have
successfully acquires skills should be aiven employment.

ed are allowed to oompete for openings at

Table 9 : Proposed staffing for regional and central workshops

Manage- Administ- Technical -

sition ment ration service Commercial Other

-

Manacer V
Secretary .
Division head _
Secretary/typist
Typist

Senior expert
Fsmert

Junior expert
Senior clerk
Clerk
Swervisor
Senior mechanic
Mechanic [
Junior mechanic ‘

Senior

el
V‘m,h)uJM =
| 3 e
= e b
[F%]

SERNY
PO~ @~ e W W R

Iy

Electrician
Juninr ‘ . -
electrician

T

a/ Enoineers.
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Table 9 : Proposed staffing for recional and central workshops {Cont'd)

|
Manage- Aominist- Technical !
Position ment rative servic. Comrercial Other _]
!
Senior machinist 1(3)
Machinist 3(5)
Junior machinist 2(4)
Senior welder 1{2)~ b/
Weldor 3{6}
Black-smith 2{6)
Washing and ' '
areasing ' 4
Helpor ' 10
Senior carpenter 1
Carpenter 3
Junior carpenter ' 2
'Ibta.]:_ :é: lé::—————-‘ "—llzlzzgzzzzz :=...6___ : —----§——==='.=='—'=J
b/ For central workshop. _ Total | | _143/156 .

5.3.2 Maintenance management

Maintenance management systems are eclaborations of cuidelines on

- Maintenance policies,

- Planning. cstimating and schedulmct maintenancs works,
- Hardling maintehance works, ‘

- Costing maintenzance jobs, 4

- Recording and reporting malntenance activities.

Meintenance policies : hqra.cultural equipment. . r*amtenance nroanizations should adapt the
mllcv of perﬁarm.na on basis of preventive maintenance programmes.  Preventive maintenance
on equipment should be carried out regqularlv following planned schedules. Schedules based
cn hours worked may be difficult to implement.: In view of ‘this, schedules based on the
following time intervals are proposed:

- Servicing : daily, weekly and nonthly.

-~ Inspection : daily, weekly, monthly and quarterly

- Preventive maintenance : weckly, wonthly. guarterly, yearly ard bi-yearly.
- 3rhauls : Bi-yearly, every four years (depending on equipment).

Dailv servicing and inspection should be the responsibility of the equipment operator where
the complexity of the machine and intensity of work permits, otherwise all daily, weekly,
monthly, guarterly and yearly inspections,Services. and preventive maintenance need to be
rerformed by technicians. Weekly schedul'ﬂ maintenance activities may also be performed
in the field. Overhauls should be done at regional or central workshops.

Where maintenance institutions ?re organized for other users, instituting preventive main-
tenance may Ye Mfficult.  Im such 2 case, a System wherchv users sicn contracts for
preventive maintenance should be encouradged.
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Planning, estimating and scheduling maintenance work

In order to enforce planned maintenance as well as plan estimate and schedule work, a
comolete inventory of equipment should be made and a system by which each equipment is
identified with code need to be established., A record (HISTORY CRARD) should be main-
tained on each equipment in which all particulars of the equipment and maintenance
verformed are recorded. & tvnical form which can be used for this purpose

{(Form 1) is facluded iin Annex I.

To ensure the optimum use of resources, namely labour, machine, materials and facilities:
maintcnance work (preventive or otherwise} should be initiated well in advance, Based or
ecuipment inventory and maintenance lewvels and frequencies recommended for each type of
equipment on annual and quarterly basis, estimates of tentative work vlan need to be
worked out. On the basis of such a plan estimates for labour, parts, machine time and
working space should be made; and werk schedules on monthly, weekly and daily basis
elaborated indicating the type of the eguipment an?! jowel of maintenance. Typical

forms that can be used for this purrose are shown in Porms 2, 3 and 4.

Work handling

Whether the work done is as a result of preventive maintenance programme or othor reasons
all work dene should be identified;monitored and controlled. To this end,a system of work
authorization and control should be adopted, the former consisting of two parts, a work
request and a work order.

Work request is a formal document specifying the type of maintenance required. It is
to be filled by equipment user. It can be a single reguest for a single job or a main-
tenance agreement for a preventive maintenance programme.

Awork order is a formal intermal document authorieing the execution of the requested
Job and is to ke used to record all activities performed and imputs used. U%ork

orders are the basic source document for a management information system. Typical work
request and work order forms (Forms 5 and 6) are attached.

It is advisable that all works reguested by external bodies be verified by qualified
ingpectors before work is initiated.

Costing jobs

Costs nf executing a maintenance job ccnsist of labour cost, material cost (part and
component ), over heads and profit margin.

Labour costs : Oosting labour can be made following two systems. The first and better
system, sbecifically recomrended for preventive maintenance tasks, is a flat rate for
each level and type of maintenance. Estimates of labour hours by type and level of
maintenance should be fixed at the beginning. The murber of hours worked maltiplied by -
“the hourly rate give total cost. Such a system is preferred by equipment users as
thev are aware of the exrected ocosts of maintenance ahead of time.

The second system is costing for actual labour hourg expended. Bourly labour costs can
be calculated as follows for each work center or for the whole ormanizatinn.However, as
use of different rates for different work centers could be complex to implement uge

of a single labour cost figure is recommended.
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Total salaries and benefits of technical services

Total reveme cenerating labour hours per vear =

Tbtal number of employees =

PTAIE S L £

Chargeable labour oost per hour =

!
y -

Fpox Iy
Total revenue generating labour howrs is calculated as total available labtrur

hours ver year of service generated by emlovees less estimate? non—pmductlve
labour hours.

Material cost should be charged on the basis of costs of materials consumed plus inventory
carrying costs and margin. Inventory carrying -ostz are mormally requlated by low.

Overhead costs include those related to manacement and facilities. Managerent overhead
costs are normally fixed as percentace of total labour and material costs {5-10 per cent).
Facility overhead costs arc calculated on basis of total annual depreciation oosts
divided by revenue generating labowr hours multiplied by chargeable labour hours.

Profit margins are set at 25-30 per cent of total costs (labour, material and overhead)
as per above,

Charging separately for transport time for nobile maintenance should be awided, wherever
possible,as it tends to discourage farmer? located away from workshon from calling for
sarvice. With ~lanned maintenance, it is nossible to reduce transport costs and these
costs should be buiit-in into hourly labour cost.

Recording and reporting of maintenance activities

Works verformed in a maintenance organization need to be compared against plan and the
results of such comparison should be used to make more realistic plans in future and
institute improvement programmes. Records on labour and material inputs have to be made,
processed and reported to inform management of the performance of the maintenance units.
The following records should form part of recording and reporting systems :

= Lakour input.
- Material input.
- Work requests recplved and completed.

These records should be controlled through work authorization documents, such as work
request, work orders and history cards. The following reports should be generated .



ECA/IND/ENG/003 /8%
Page 45

wrk performed (completed) : Covering total work recuests received, carried over,
delayed, completed on time should be compiled for each work station on a weekly, ponthiy,
and yearly basis. & typoical form which can be used for this purpose is Form 7

Iabour utilization records on the basis of same frequency as for work completed, includ-
ing * reports on available labour hours, planned labour utilization, actual labour
utilized, overtimes performed and variances should be compiled. A typical form for
reoordino and reporting is Form 8,

Material utilization records (value by item) should be reported on the same basis as
those for the other two reports.

Records should be accumilated for individual egquipment for mpnitoring performance and
corparing costs botween different makes, models and users. Repetitive failures should
be drawn to the attention of endineerinag or R + D departments ahd/or equipment suppliers

for investioation.

5.3.3 Customer relations

The system of customer relations is different depending on whether the maintenance
establishment is organized for captive use or for use bv others. Ewven in the case of
captive use, there rust be a separation between etpuipment users and maintenance units.
The following working system need to be established for maintenance establishments

organized to serve others.

- Inventory of all clients within the market area must ke maintained.

-~ Clients must he made aware of the range of services available.

- Training in the proper use of equipment must regularly be given.

A sinale contact point with the client should be maintained.

Clients should be encouraced to ont for contracts for preventive

maintenance.

- Reaular visits by commercial technical personnel to customers should

- be made and assistance provided in solvino farmers nroblems.

- If possible ,stand-by equipment should be maintained by maintenance
establishrents for critical time when customer’s equiprment is down
for long maintenance.

5.3.4 Material management

Material manacement system oonsist of procurement and inventory management . Materials
to ke stocked in agricultural equ_lprrerrt maintenance institutions comprise spare parts,

raw materials and supoplies,

Procurement : Procurement covers the process of establishing needs,iderrtifying sources
of supply, ordering the regquired materials and following up until materials are
delivered-at users premises. The system of procurement depends on whether materials
are procured locally or imported., Needs are determined by initial order for new stock
or repeated orders for replenishment of existing stock.

stock :Need for new stock should be besed on list of spares recommended by suppliers
axd verfied by a provisioning team oomposed of store., maintenance and engineering
personnel.
Renlenishment of stock shoul? be on basis of perpetual inventory control following
reerdar levels an” reorder quantities. 7 gsimple technique, which takes into consider-
ation the long nrocess of foreign exchange agyuisition, is to review, on a quarterly
hasis, all stock and hrinc stock level to cover consumption during lead time.
DProcurement. personnel should maintain a directory of all suppliers and continue to
identify new suppliers and products., New products however need to undergo an evaluation
process before they are considered for bulk purchase.
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Procurerent should be on basis of nurchase requisiticn and rurchase orders. A system
by which non-fast moving items are returned to supplier should be neqotiated. Typical
forms that can be used for this purpose ar2 Forms 8, 9 and 10.

Inventory managenent : Inventory manacoment covers the functions of receiving, issuing,
stocking and inventory control.

Receiving : Fach item received at store should be inspected to confirm its identify
and quantity. BEach entry should be made throuah a receiving document (Form 11) and
reaistered on inventory control card.

Storage : Iocation in stores should be such that small and fast-moving items axe
stocked close to issue roints and slow and hesvier items further away. Perishable,
precinus  or hazardous materials should be stocked separately.

Iocation : Systems should be instituted for easy identification. TItems suseptible to
corrosion should be packed in rlastic bags.

Issuing : Issuing should ke on first come first service basis. Tt should be done on
basis of issuc document {(Form 12) and reqistered on inventory control card. As much as
possible, items should be issued on the basis of first in first out basis. Farming
units due to either shortage of working capital or for fear of carrying dead stock
refrain from buying adequate cuantities of essential parts. This sometime means facing
avoidable down time for lack of simple easily replaceable part during critical operation-
al period. Therefore, parts distribution or sales organs should encourage farming units
- to carrv essential spares during overational seasons on loan basis to be returned later
if unused.

Inventory control : &1l stock items should be monitored through a prepetual stores
{cardex system} or computerized inventory system. 211 entries, issues and orders should
be entered in inventorv comtrnl cards (Form 13} . Each stock item should be monitored
separately. In case of large inventory physical inventory can be made on continuous
hasis such that each item is controlled once a vesr otherwise total physical count
shruld be made once a vear. Vhere continuous inventorv is apeplied, total physical
inventorv noed to be made once in five years. (nloured olastic sheets can be used to
searerate fast-roving from slow-moving items. Dead stock should be regularly disposed of.

5.4 TFinancial requirements

Financial requirements for‘ a maintenance improvement programme can he grouped into two
catenories s capital investment and working capital. Each of these have foreign excha;nge
component and local currency component.

Capital investment needs consist of funds for building infrastructure and for the
purchase and installation of eguipment. Working capital is financial means rgquired
to operate the maintenance nrogramme. It includes provisions for materials and
supplies, wages and salaries, utilities and cash. For the purpose of this publication
financial provision for threc months is considered adeguate.

Estimates of both capital investment and working capital requirements are given for the
different categorios of maintenance institutions. The estimates in Table 10 show
average costs for averace sized facilities. '
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Table 10 -

Estimates of investment recuirement for the different levels of maintewance facilities

for agricultural eguipment (USS)

Artisanal Basic service District o Recional Central
T scription station workshop worrshop ~ workshop -
. Total Forciom | Total Foreign | Total Foreion  Total ' Foreign| Total Foreign
F.oed capital 1’
- Land - - - . - - w - ; - - -
- Juilding 1,500 - 15,000 2,000 {250,000 50,000 ' 600,000 = 170,000/ 870,000 260,000
Fr1ipmrent ‘ [
- Office 100 - 250 - 600 150 © 2,500 ! 750! 15,000 10,009
- Yiorkshop 600 400 | 15,000 9,000 {200,000 | 163,000 : 800,000 & 640,0002,560,000 [2,000,000
Gtilities : :
- Yater . - 500 300 1,500 6,000 30,000 | 12,000; 45,000 18,000
- Power 150 * ~ 300 30,000 24,0001 60,000 @ 48,000{ 100,000 80,000
- ompiessec i l 5 -
Air ~ - 3,000 2,700 | 30,000 9,003] 25,000 | 20,000 30,000 25,000
‘ransport a |
¢ riproat ~ - 25,000 15,000 { 40,000 30,0001 180,000 é 110,000/ 200,000 120,000
Fats
intrentory. - - 5,000 3,000 | 50,000 40,000/ 500,000 _ 350,000, 800,000 560,000
Sb-total 2,350 4007 | 64,550 32,000 | 595,600 319,150 ,197¢500;1;350,7504,560,000 3,073,000
Co-ingency= - ‘ '
3 353 RO | 9,580 | 4,800| 89,340 47,870 329,625 202,610, 684,000 | 46G,550
Tial 2,703 469 | 74,230 | 36,800 | €84,940 367,0202,527, 1251 1,553,360{5,244,000 ! 3,533,950
[ o king capital ! [
~ Tirecc | F
aterial 86 3,800 ° 23,040 114,480 | 222,900
- irect labor 1,050 1,800 | 28,000 175,000 200,C00
~ sundries** 150 1,000 } 5,000 20,000 25,000
Sur-tot ¥ 72,054 9,600 45,0240 305,530 447,900
' Cotin, 20% A2 17920 9,608 61,906 89,580
Total 2,475 11,520 57,648 371,436 537,480 ]

* Only if power is available.

*% Includes

cost of utilities, fees, charges, promoticnal expenses, etc.
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5.5 Summary and recommendations

The present level of tcchnoloaies emplove” in most narts of MMfrica is much to e desired.
Mote only low lewel of technelogies are in use but Algn the rrosmect for their future
devclorment is gloomy.  Tocicultural aaiprent sitveidon in Sfrica is deplorable and
characterized bv low level of availability, utilization, high downtime and operating
oosts.

The low level of utilization courled with the rising costs of equipment and their spare
narts has mae the feasikbility »f using hi~hor techmlories aquestirnable . -In - fact,
manv African countries are in the ~rocess of orting £r lower level of techmolocies;
such 25 animal rmower - techmoloaies in licu of tractorization.

among the key factors which have resulted in such a deplorable state of affairs is the
inabilitv to rerform cuality maintenance on ecuipment for lack of the required maintenance
facilitics g skilled narower and aporopriate reintonance systoms.

The building of improved capakilities for the maintenance of agricultural eguinment mot
only ensure better availability, higher utilization, lower downtime and orerating coste
hut will also serve as hasis for future acricultural ecuiprent manufacturine industry.

It is important and timely for African countries to take positive steps towards
Aevelina imrove’ maintenance capabilities. Measures to he taken hw African Covern-
mnts for the realization ~f mainteonance improvement orogrammes ~wre mresented below, in
chromnlogical nrder:

1. Dewvelop mechanization policy/strategy. The dovelovment of a maintenance
nroaramne should be based on current level of mechanization taking account
of future development. Buildin~ 2 maintenance establishment is capital
intensive as wll ez time consumino. A soury! Aeveloroment plan should
e based on medium- and long-term nhjectives. Mechanizatinn policy is
an essential element for the Jetermination of future levels of mechanizat-
ion.

2. Inventorize cxistino form eculrment in usc. Mbsence of reliable data is .
a major constraint faced by nlanmners. Maintenance needs can be determined
only if accurate informaticon on tyne and quantities of equipment in use
is kmown. The ceneration of such data upon which a maintenance inprove-
ment | DrooTanme can be initiated is among the initial activities te be
perto .

Technicues that can be used to carry such an inventory is outlined in
Section i.1 of this mublication.

3. Inventorize existino maintenance facilities. Tn order to establish the
adeouacy  and amnropriateness of existinag maintenance facilities, inventory

at national’ level nee? to he undertaken by Govermments. This should
cnable them to identifv the shortammines of existing cstablishments as
well as their ability to meet future neo ‘sq ~rocedures for undertaking
such an inventory are outlined in Section 4.2.
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Develon maintenance molicy and svstem. Setting clearly defined wolicies
snd establishing effoctive menacemeont procodures and methods for main-
tonance is on evccollent wav to perform maintenance effectively and on
usiness rasis., T svstam bv which maintenance nees can bhe oroperly
identified in advance, prcramred, executed And menitored is essential
in undertaking a maintenance improverment nroaramme. In particular,
commitment to enforce nlanned preventive maintenance practices helps in
improving availability of and reducing parts usage and eventual reducti.n
in mrintensnee dwntime. This is hichlv reormonded.  Suggestions on the
m?. snd ¢gontents ©F maintenance policy and svstems are ~utlines in
Section 53?2. ' -

Mfine maintennnce necds . Based on emuirment population and adonted main-
¢znancs policies and nonendures it is immortant to conduct analysis of
maintenance: nee’s (cnand/sumnly cans),  Trocelures that can he use”

tn assess maintenance needs are cutlined in Section 1.1.

Undertnke maintenance imorovement nrooramme. Once preremuisites to
undertaking » maintenance imrovements prooramme are in place, then the
following stens are susaested in realizing such » orogramre.

.1 Rationalize Aan? strencthen aexisting estahlishments throuabh cre or a
combination of the following:
~ Uhgradin~ :
= Relocatina ¢ and
« Strengthening with manpower andd equirment.

4.7 Establish new crcs.
£.3 Develon auwxillarv cgmort facilities.

Parallel to the stroncthenine »f meintenance estoblishments the dewelon-
rent of spare parts snd suponlies distribution net-work should be civwen
duc corsideration. The installation of z computerized inventorv systom
for spares nnd suline should be explored.

Tositive steps towards develoning engineering industries capable of
locally manufacturine critical and fast moving spares should be taken.

Training institutions fr the “gvelomment of maintenance personnel should
v retablished and training oroorammes orewarerd.






Samples of Typical Forms Related to MHaintenance and
Material Management Systems

ECA/IND/ENG/009/88
FORM 1: EQUIFMENT HISTORY CARD Annex I
Page 1 of 2
Equipment I1.D. Wo.
i. Type 2. Model 1. ferial number
4. Dimension 5. Welght 6. Purchase value
7. Year of manufacture 8. Purchase date 9. Date put to use __
10, Manufacturer 11. Supplier _ 12. Local agent
13. Supplier's Address
14. Major components 15. FEguipwent & asgignment
Type Model Serial No. Dept/area Date in Date out
14.1 15.1
14.2 15.2 -
14.3 ‘ i5.3 -
14.4 15.4
16. Maintenance and operating costs (in local curvency)
Costs
1/No|Year| Total Output : :
: hrs Operating costs iMaintenace costs Total
per : I I costs
milage| Task |Units Lub Fuel |Oper- 'TotalllLabour|Mater-|Total
code ator ials
|
1
Prepared by Approved by
Name & signature Name & signature

Checked by

Name & signature
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CFORM 12 EGUIPMENT HISTORY CARD (countinued) Annex I
Page 2 of 2
17 Major c¢hanges record

T L T

Costs Milage

I/NojDate Description o — — or Remarks
| tabour Material Total Tionrs
- — — 1 S S
L 3
-

l {
\ | g
E
i
| | |
| |
W |
| | |
S ! i l J SN P WU
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FORM 2:  ANNUAL MAINTENANCE, FABRICATION & INSTALLATION WORK PLAN anney [
YEAR
B [ i I ction iv 1
I y | oervice nspe Preventive Break [(ver |Inst!F@P \grang
frequency frequency maintenance ri-
d n time time frequency time!dovn [haul ca- |total
2 p 1 i T T
n t Pr2 3 mee | v e [ 3 )& Tt 234 T | TH ™ ™ ™
tolc | t ! ; T
0 FLUIFITIFITL T IR DVRLDR TR L o (FQLIFITeEIF (T T WP |TCE(F|DJEGF[DIEF(DIE) Y
0| N N R R R R AR AR -
] e Fl I E‘ £ E| tE| If| IETE El JE] 1B, [E] E £
i
| |
, |
o |
i
]
| ]| b
|
i P . i [ l | [
I: Time for inhouse 1; Indicates wzekly freguency Ttl: Total
E: Time for external 2: Indicates monthly frequency Instl: Installaticn
3: Indicates quarterly frequency :
41 Indicates yearly frequency T: Total tine

F: Frequency
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FORM 3: QUARTERLY MAINTEMANCE, FABRICATION & INSTALLATION MASTER WORK SCHEDULE
Quarter

e ———

Year

1
N
|
’T(
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|
|
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i
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|
J
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1
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|
J
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|
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1
! :
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1: Weekly

4: Yearly

3+ Buarterly

2: Fonthly
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FORM 4: MONTHLY MAINTENACE WORK SCHEDULE BY EQUIPNENT Annex I
Equipwent Id. No —— Period )
N Preventive Heek 1 Week 2 Week 3 Week 4
0 Maintenace - . , [
-ZT; 3145164712 3!4]5 6171112131al5lei701l2ls 415‘6 7
1| I |[Weekly
2| n |Monthly
3| s |Quarterly
4| p IYearly
1| § |Weskly
2l e [Monthly
3 r |[Quarterly
4| v |Yearly
1/P M|Weekly | } |
21r n|{Monthly
Jle t|Quarterly
4/v n|Yearly ‘ [
L | [
EiL Ovarhaul ' | ‘ \
. | | i J ! ! I _

Insp: Inspection; Serv: Service: Prev. Mntn: Preventive mainftenance






i)
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FOERM 5: WORK REQUEST SLIP Annex 1
Equipment Id. No Noo o L
Requested by o o
Name & sicnatrre Tnterprise Depariment Date
. Approved by ) ~ ~
Name & gignature togition Rate
6. Dates & references: Dates Referecne
. Type of work requested
6.1 Received at p/c _
4.1 Maintenace [} 6.2 Eecelved at engfine LX ¢
4.2 Fabrication [ | 6.3 Received at p/c - ____
4.3 1Installation [ | 6.4 Received at w/e  _ woo
6.5 Work completed _ o o B
5. Priority [ ] 6.6 Delivered to client - inNv

I/No| Description of work
requested

Tack performed Cost summary

-

abour
pares
Conpsumables |
Gverhead

]

Total

Planning & control

Client's signature ior receipt

Name & ciguature

Prepared by _ -
Name & signature

Checked by

Name & signature

Approved by

Name & signature

P/c: Planning control; Eng/ins: Engineering inspection; W/C: Work centre;
W.0: Work Order; INV: Invoice: EO: Engineering corder
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Annex 1
FORM 6: WORK ORDER Page 1 of 2
1. From (dept/section) 2. gigned by L 3. Date igsued L
4. To (dept/section) 5. Date received _ 6. Work requested by -
T. Work request No 8. Date requested 9. Type of work requested
10. Equipment I.D _11. prierity 9.1 Maintenance [ 1
12. Date started 13. Date completed 9,2 Imstallation [ |
14. Details of work 9.3 Fabhrication 1
15. Cost aummary {in local currency)
- - -
1/No Requested Work domne l Title IEstimat,e Actual

{a) Labour
{b) Parts

f¢} Consumahles

{d} Overheads

TOTAL | ?
S L

Supervised by Received by =~ =
Name & signature Name & signature

Inspected by

Name & signature
Foreman

Name & signature
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FORM 6: WORK ORDER (continued) Annex T
Page 2 of 2
23. Actual cost breakdown for labour & materials {local currency)
[ T T -
I Actual materials
/ Actual labour {Time)
No. Namge Issue Line Vaiue
| v —1 voucher item
bate |Start|Stop Hours |Rate |Total No
i
{
| i ]
i ; |

Prepared by

Name & signature .

Checked by

Name & signature
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FTORM @ DiaibY WORY COWNTROL SHEET Annex T
Page 1 of 2
Section Date _
I Worik' Date started Date completad Labour time
/ order
No. No Planned|Actual |[Planned|Actual |[Planned|actual

Total

Prepared by

Name & signature
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FORM 7: DETATLES <F DATLY WORK CTONTROLS SHERT Annex T
Page 2 of 2

!

I Nature of work|inspection|Service|Preventive|BD |IN b T
/ order
No WIMIOQIY|T |WiMIQ|T[W|M(Q|Y|T

1| Backlog

Newly received
Scheduled for
completion
Actual completed
Carried over
Planned labour
Actual costs

- Labour

- Material

- Over head

- Total cost

e 2

=1 ON LN

— _l -l
W: Weekly Y: Yearly BD: Break down ¥B: Pabrication
M: Monthly T: Total IN: Installation T: Total
Q: Quarterly
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FORM 9: PURCHASE REQUISITIONS Annex 1

Date __

Serial No

1. Requested by (Name) o Section . o
2. Approved by (Name) o L Pogition o o
3. Category
3.1 Stock item 3.2 Non-gstock item 4. Priority
Parts [ 1] Fixed assets [ 1] 4.1 Urgent [ 1]
Supplies [1 Expendables [ 1 4.2 Routine [ ]
Consumables Pl
Tools & catalogues [ |

Estimated price
(in local
I/No|Manufac- Degecription cCurrency)
turer's QLy Unit cof
part Nc. measure Unit Total
| | L

Parts required for , B L
Previous supplier ~ Purchase order No._ _

Purchasing action
Received on Verified by

Name & signatures

Mode of purchase Officer assigned






Terms: Shipment: Air/surface
Pavment

ECA/IND/ENG/002/88

FoRM L0 DURCHLON annay anen 1

Ship to

Ref: Your olrer .
Manufaco~
T/No | turer's Tesoription Unit of |[Quantity Uit Total
part No. measure price |(price
Total
Charges
G. Tot |
| - .

Please supply the goods shown above at the prices stated, szubject to
the conditions herein set out and to the instructions and conditions

mentioned on the reverze
purchaser).

N.B.

gide of thisz order {to be tormulated bv the

Kindly return by air mail the attached second copy

of this order duly signed Ly vou ags confirmation of same. The
instruction on reverse side forms part of this order.

Auvuthorized gignature

@
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FORM 1il1: GOCDS RECEIVING REPORT Annex I
Serial No. B
1. P. 0. ¥No. - 2. Invoice No. 3. Date ,
4, Supplier 5. Shipment A¥B/B/L 6. Received on
7. Coefficient cost 2. Coefficient sales 9. Entered by -
| Quantity Cost | Sales price |
[ in local curr.
I Code | Loc-|besceri-——m— — — _
/ |Number|aticn| ptiom Ex-fac-] Unit Total
No Order |Invoice] Recvd |tory inllanded |landed |Unit Total
foreign! cost cost in
curr. |in loc.| local
Qurr. ocurr.
| :
| o | |
| | | |
| | |
! I |
| | % | j
| | |
B L | | |
| ]
[Total | |
Received by ___ Date - : L —
Checked by ~ Date o
Entered by Date -

Descrepancy report

AWB/B/L: Airwaybill/bill of lading. Coefficient: factor which when multiplied by
ex~factory prices givea landed cost and sales price.






FORM 1Z: MATERIAL REQUISITION

ECA/IND/ENG/009/88

Annex 1T

Serial No
1. Requested by Section Date B i
Name
2. Approved by Dept/Section Date o
Name
3. Requested for:
] —
3.1 Own use L 3.7 Client b= 2.3 Direct sales L 3.1 Trausfer =
r T v 1
| Cuantity/number Local currency } !
Mammfact-|Code Description - : i ! ;
I/No| urer No. ' Requestad In E For |Unmit price| Total Location:
Part No. stock |issue F
%
i
r
|
i
1
|
1
|
a
( |
. | i
| |
1 t
| | ‘
L ] | U
Stores

Approved by

Entered by
Issued by

Issue voucher/invoice No. _

Date
Date

bate
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Bnnex II1
Page 1 of 3

Agricultural bBguipirent Maintenarnce

Inprovement Produramige

Survey of BExisting Maintenance fngstitution

Questionnalre for Data Collection

IDENTIFICATION
1.1 Name Address: City/Town/Village
o Countyry
1.2 Date start of cperations F. O. Box a
- Telephone
Telex

1.3 Ownership:

Private: Local [ ] Foreign I Mixved [ ]

Multi-national: African [ ] Non-African | 1 Mixed [ ]

Public [ ] State farm ]

Maintenance institution [ ]

1.4 Adminstrative service to: Own fleet [ | Othera [ 1 Both [ |
1.5 Contact person: Name - Telephone
INFRASTRUCTURE
2.1 Land total area {sgq m) L Built-up area {(sq m) }
2.2 Buiidings:

Total covered are=a {(sg m) Open shed {sg m}

Encloged {sq m) Tyvve of constiruction:

Permanent [ ] Semi-permanent ] Temperary [ ]
2.3 Equipment installed {(use Table A-1)
ORCGANIZATION
3.1 Organizationalt status:

Private company [ ) Public enteprise { ] Mixed [ ]

3.2 Organization chart {(Attach)
3.3 Manpower (number):

Management Helpers

Supervisors Clerical statf ___g
Senior technicians ) Cleaners o
Techniciang Guards -
Junior techicians Drivers

Medsengers




4.

6.

UTILITIES

Water: {capacity in cu m/dav)

ECA/IND/ENG/009/88
Annay II
Page 2 of 3

{consumption in oy m/day)

Power: {capacity in Kbk

(Congsuption in KWH/rday)

Compressed air: f(capacitvy in Le

Siged)

- Hand tocis

- Animal drawn implements

— Self propelled machines

- ITmplements for powered
equipment

- Components
. Engines
. BElectrical parts
. Transmigsiong
. Hydraulics

Fuel: tvpe tank capacity {(in litres) No of pumps

type tank capacity {(ir 1-fras) _ No of pumps

Tvpe ___ tank capacity {(in i1ures) Mo of punps
SUPPORT SERVICEL .
Stock spare paritg: total No. of line items value )
Suppliea: total No. of line itens value .
Usage: parts No. of line items/vear value/vear 7
Supplies No.oflin~ items/vear value/vyvear L
FINANCE (U888
Fixed capital investment -
Working capital inveetment
- Wages & salaries
- Ceongumables {(parts, supplies, raw materials) .
- 8undries {(utilities, feez, chrges, ecto.}
Revenue (current vear 19 )
- Maintenance sgerices
— Sales of parts
- Others
Profit - Grose (hefore tax)
SERVICE CATEGORY AND VOLUME
(in number of units serviced)

Type of sevice Year 1 Year 2 Year 3 -
- Preventive mainienance o ~ B
~ Break-down maintenance o -
- Repair - e
- Fabrication B )
- Regeneration {reworkaed? o T
- Overhauls _
EQUIPMENT TYPE AND NUMBER HANLDLED
Tvpe Year 1 Year 2 Year 3




. TARGET USERS

- Peasants

{Per cent)

- Commercial farmers

- State farms

- Own fleet

TABLE A-1: DETAILS OF MACHINES & EQUIPMENT INSTALLED IN THE INSTITUTION

Total 100.00

ECA/IND/ENG/009/88

Annex II
Page 3 of 3

No

Machine/equipment

|

Specification

Make

Quantityv

Year of
installation

Lacation
{shop)

K Present
condition

ﬂ
i
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ANMEX TIT

Profile of
Fower. Egquinment Limited

Tusaka, Zambia

1. Iocation : Power Equipment Limited (PEL) is an agricultural equipment dealer,
primarily dealing with Massey Ferguson equipment. Its headquarters is in
Tusaka {Cairo Poad). It has a branch office and service station in Kitwae, North
Zambia, and service outlot at Mazabuka and dealer service at Mukushi and Kussamia.

2, Ownershio and management :A private limited company owned by Zambians. It is
manaced by a General Manager, assisted by three senior managers, a chief account-
ant, a sales manager and a technical manager.

. & % +

3. Facilities

Iand : Its headuarter facilities heve a total land area Qf 2,582 m2 of which over
50 per cent is covered. Of the covered area, zbout 200 m~ is allocated for workshpp.

Workshop equipment : Workshon equipment consist of hand tools, measuring instruments
and material handling equipment .- Machine shop eguiprent are non-functional. Other
equipment consist of hydraulic hose fitting machine,universal electrical machine
tester, and paint booth with spray painting accessories. Details of equipment is
ot available.

4. Support facilities

The workshop has a parts store with over 19,000 items in stock. Parts are for both
sales to customers.and own use. Availability is estimated at 70 per cent. The firm,
due to inadouate foreign oxchange allocation, is also engaged in recycling used
spare parts and sub—-contracts local industries for the manufacture of some parts.
Othor support facilities include a fuel denot.

5. Manpower : The company has a total of 60 maintenance nersomnel at headquarters.

6. Maintenance service programme

Customers : The customers congist of ¢

- large agro~industrial projects (about 10 per cent)

-~ large scale commercial farmers {(about 60 per cent)

- peasants/energent farmers {(about 50 per cent)
It is estimated thag the firm caters for 50 per cent of the maintenance demand of thgz
akove customers and/f:he balance 50 per cent, nrivete workshoos handie 20 per cent while
user workshops cater for 30 per cent.

Type of maintenance service rerndered : The services extended include

- Rreak-down maintenance : Users do mot come for preventive maintenance and
rechanism for this does not exist.

- ROCl/ s I rebuilding énd/or up-grading tractors to predetermined
specifications,

- Rehabilitation proaramme : Rehabilitatinn rnroarame is a monitored repair
proaramme to replace essential parts and bring back tractors to working
oondition, '

1/ ROC Terminology used by Massey Furrgison for a tractor up-orading
Drogramme. L .




FCA/IND/ENG/003 /29

~nnax III
Page 2

-~ Comnonent overhaui services : Includinc engine and electrical
components overhaul.

- Fittina of hydrsulic heses.

The company rresently is testinag a rrototype of an adopted
MF tractor for nossible 1local assemblv.

Training services

- In-service trainina of users technicians for a pericd of
upto three months, (swegially f those whose tractors
have undersone &n ROC m intenhngﬁ with training provided
free and accommodation born by users. o

Maintenance capabilities and achievements

- Plan and actual number of light repairs performed are not
known.

~  Planned capacity for ROC or rehabilitation programmes is 50 tractors
per year. Present achicvement is 30 tractors per year.

Mode of delivery »f sexvice and charces

- In wnrkshon, services at the central workshop and branch work-
shops are charoed on the basis of hourly labour rates of 35 X
(10K = 1.0 US?) and spare .narts at retail prices. Discounts
for users with larce fleets are possible.

-~ Mobile service - Tw» mobile teams deliver break-down mainten-
ance scrvices on roquest. Charces are at 85 K per labour
nlus travel cost bascd on mileace. Parts are charged at
retail nrices. v

Maior constraints and shortcomings

~ The workshopr is located in an urban area, far from most
farmers, Aand facilities are not utilized for light maintenance.

- Mobile service is tnco costly to attract users.

- Vervy low level of investment on workshop eguipment:; most
activities are manual and depend heavily on external specialize
wirkshops. ' : _

- The primary objective of the firm is sales of equipment.

There is, therefore, less emphasis On maintenance. Because
of their hich returns, concentration is on ROC and rehabili-
tation.

- Current shortaage of spares is increasingly affecting avail-
ability of spares.

- Because of lack- of skilled manpower, the firm had until
recently, £0 rely cn expatriate experts for the ROC and
rehabilitation programmes.



e
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Annex IIY
Page 3
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ANNEX IV
DPraofile of
Sirofta Farm Workshop

Rale, Ethiopia

1. Location
Sirofta farm workshop is a maintenance unit of Sirofta State Farm. It

is located in Palc Region, Genale Awraja (district), Dodola Wereda
{(locality) on farm site some 80 km cast of Shashamene.

2. Ownership and management

The workshop is owned by Bale Agricultural Development Enterprise, a

subsidiary of the Southern Aoricultural Development Corporation. The
workshop is manaced by a maintenance section head who is responsiblce

directly to the farm manager. Technical quidance is provided by the

technical departments »f the Enterrrise and the Corporation.

3. Facilities

Site: The workshop has a total land arca of about 6,000m2 of which
about 4,500 m? is builit—-up area.

Buildinag ° The workshop buildina is an 'L' shared partly open
shade buildinsy. It has a total area of 936 m?, The workshop whose

laycut is attached has the followina shous and work arcas

= work bays with nit 4
- work bay without nit 1
- work bays for im~lements repair 2
- weldinag shon 1

- = .gelectrical .revair shon 1
- nil Aan ~rease store 1
- parta store 1
- offices

Equipment and tools : the main workshop eguipment and tools consist

of

- Blectrical hand qrinder
- Tap and die set

- Air compressor

- Oxygen bottle and tube
- Trailed mobile workshon
- Battery charager

=~ Table and vice

- Hydraulic press

- Injector tecster

- Petrol electric aenerator
= Sodering iron

- PBench grinderxr

= Rim wrench

- Torque wrench

- Anvil

- Chain hoist
Hydro meter

-~ Metal shear

-~ Tool set 2
-~ o011 filler pymn
- Ssts of toolg for
rechanics,welders: ,
pipe fitters and
electricions.

S el e

il S e SRR S
i

- Sect of wrénches of
different kinds set

Utilities: Water - own bore hole
Power - diesel generator {75 kw)
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Annex 1V
Page 2
o _ Water - own bore hole
Utilities : Power - diesel aenerator (75 Kw)

4. Supnort facilities

The workshor has a spare parts store with cver 3,300 line items of which
nearlyv 45 mer cent are combine harvester parts and over 35 ner cent
tractor rarts, the rest being rarts for implements and vehicles.

Snace parts are procured from the central store of the parastatal
responsible for the import and distrikution of agricultural equipment.
Charcing is done at purchase nrice.

5. Mannower

The workshop has 38 tochnical personnel catecorized as follows

~  Maintenance head 1
~  Mechani: 6
- Junior mechanic 19
= Electrician 3
~  Junicor clectrician 2
- Weldor. 2
T Junior welder 2
T Tyre men 3
Total

It
W

6. Investment

Fixed capital : %ot known.

Working capital :233,790 Birr

7. Maintehance service nrogramme

The customer of the maintenance services is own mechanization unit whose

machinery population is made up of : T
~ Tractors ' 93 of which 41 operational
-~ Combine harvesters 24 of which 19 operational
- Trailnrs 36 of which 36 operational
- Implements . 146 of which 97 operatiocnal

Tyne of maintenance services rendered :

- Break-down maintenance (primary activity)

- Preventive maintenance {(not fully enforced)
- Light repairs (mechanical and electricall

- Servicing

- Welding and foraina

Training services

Treinina of technicians and operaters is done by a central organization,

L
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Maintenance canabilities and achiecvements
- Planned capacity is based on all preventive maintenance and minor

repairs for an average of two tractors and associated equipment per
dav.

~ Performance is not known as no rcecord of maintenance activities are
systematically compiled  Powever the low serviceability of machinery
as per above indicate poor performance.

Mode of delivery of service and charges

- Maintenance work is done on the basis of recussts from the mechanizat
unit. Cost of labour is not <larged. However, spares used are costec

at purchase price.

S Major constraints and shortcomings

~ Absence of policy guidelines and procedures to enforce preventive
maintenance practices on planned basis,

~ Shortaae of spares,partly due to chan~ine makes of equipment,
-~ IEbsence of incentive system for technicians and cperators. gpg

=~ Svstem of costing maintenance does not permit evaluation of effective
ness.
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MATNTENANCE OF AGRICULTURAL EQUIPMENT
CASE STUDY

ZAMBIA

1. BACKGROUND

1.1 - -hgriculture in -Zambia

Zambia's economy has been and still is dominated by the mining sector.
However, present trerds indicate an intent and positive commitment towards diversif-
ication. Accordingly, the importance of agriculture has been increasing consistently
though not at the anticipated rate. This is clearly manifested by the percentage
contribution of the agricultural sector towards the gross domgstic product (GDP).

- -Grogs -domestic product ab -constant -1977 -Prices (US$ millions)

1984 1985 1986

tal GDP 20173 2014 2052

Agriculture 332 L 364
% Agriculture 16.5 17.0 17.7

Of the estimated 7.1 million inhabitants (1987 - FACQ), close to 70 per cent of the
economically active population makes its livelyhood in agriculture. Of the

total -area of 75.2 million hectars, about 32 million hectars are considered arable.
Only about 1.5 million hectars of the latter are estimated to be cultivated (1 16
million hectars in 1986). ,

The climate 1s sub-tropical due to the high altitude which varies from 325 meters
in the south to 2,000 meters in the north. Most of the agricultural larnd lies at
an altitude of approximately 1,200 meters. Rainfall patterns vary from a minimum
of 700 mm in the south to 1,500 mm in the north. Underground water is readily
exploltable for agrlcultupe,

The major crops grown con81st of maize, cotton, groundnuts, cassava, sorghum,
wheat, soya beans, rice, sunflower and tobacco. 0Of these, maize forms the main
crop accountlng for 67 per cent of the cultivated land.

Farming in Zambia is carried out by four major groups of farmers, namely :
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~-Commercial -farmers:
intenslve farm equipment.

- ‘Emergent -farmers

These consist of farmers cultlvating over twenty hactars, using

: These consist of indigenous farmers who are engaged in commercial

farming, cultivating five totwenty hectars and using improved farm implements, such as
animal traction and hired tractor service.

- -Peasant; -Farmers:

These form the main group of farmers mostly engaged in subsistance

farmifig,cultlvating one to five hectars using primarily hand tools and, to a limited

extent onimal traction.

institutional farmers

These consist of farmers znjoying institucicnal

support and engaged in commercial and subsistance farming.They are membecs
cf cooperatives settlement schemes and the like employing mixed technological

inputs.

The relative importar. - o” these four groups can be observed from the table below.

v

Per Estimated Per
Farming group Nutber cent Crop area (ha) | cent
Commercial farmers 2,708 0.6 220,310 18.9
Emergent farmers 38,429 8.7 202,637 17.3
Peasant farmers 395,021 89.7 714,147 61.1
Institutional farmers 3,532 1.0 30,950 - 2.7
::::::::‘:::E%EQ}::___::::::-":::::J :ﬂﬂgiﬁgg:ll:;'QQ:D:O:'_L:J_‘"'_‘%QQ3955"_‘::::::__::%QQEQ:::_
- -Source: Plarmming Division, MAWD 1985/86 Crop Forecasting Survey. Zambia.

According to the Table,commercial farmers, though representing oniy 0.6 per cent of total
farmers, utilize nearly 15 per cent of the cultivated land and contribute nearly 40 per cent

te agricultursl »utnut.

1.2

- -Agriculbural mechanization -in -2ambia

In Zambia, all three levels of agricultural mechanization exist, the mest predominent
level in terms of heectrage coverage (68 per cent of cultivated land) being hand tool

technology.

Powered equipment are predominant with emergent farmers.

Commercial

farmers use medium to big horse-power tractors for tillage and conbines for harvesting.
The implements in use for tillage consist of chisel plough, off-set disc harrows and
tine cultivators. Recent trends indicate a tendency to employ minimum tillage practice,

such as direet drills.
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During the first and, second develcpment plan periods, there has been an enphasis

=0 intensify use of powered equiprcri through machine hire schemes by the govermment Due
to hidh orst ~F forcion exchence ~v1 verv Jrw pevformance of such schemes. there is.
presently, s adms . L T e e L oot an LAV @ OF trictosize. ton.

Animai tracticn it a lone fradition only in certain areas as its use is influenced

by the prasence 0 TL2= L0 Lloos s shey CRYES G CLE country,IF'Ls,us?d or. &
. 30 per cent 0 the culbivated land. Presently, there 1s a clear and defln}te policy

to popularize animel traction in all parts of the cuuntry. Several teghnlcal '
assistance prosrammec are undcrway which aim to prumote the use of animal tpactlonﬁ

The implements mostly used consist of a single farrow mould-board plough, spike tooth
nerrow cultivators and ridpers. fmimel traction is in use by emergent farmers and
peasants in aress whers it is traditional.

2. - - AGRTICULTURAL, EQULEMENT -IN -ZAMBIL

2.1 - -Folioy and chrategy

Policies and gsrategies formilated relating to the level of technologies in
aggloultural rmechenizatiyn have shown some changes. Immediately after independence,
probably due to earlier cuccess of white comercial farms, a strong base of forelon
exchance and “he concern to maintain the operation of farms abondened by‘white settlors
policies and strategies emphasized the use of powered machinery. Accordingly, specific
decisions, such as the establishment of parastatals for the import and distribution

of agricultiural equipment and for the delivery of hiped tractor services were implemented
A total of U50 tractors were purchased at the start of the project by the govermment.
This was supplemented by 389 tractors during the third national development plan
(1979~83) which envisaged 8,100 sdditional tractors to be imported during the plan
veriod compared with the 3,800 tractor population at the beginning of the plan peried;.
Further. the plan envisaged te cultivate 50 per cent of non-cormercial farms with
powered rachinery by the end of ths ics period.

With scarcity of forelsn cxcharse, hich cost of Lmperbted machinery, inability to securs
spare parts and operational problems, the performance of the scheme for popularizing thc
use . of tractors was not as expected. As a result, recent trends indicate change in
policy. The present pclicics ard gtrabtegies adopted bty the government are apparenc In
the objectives cnd strategies expressed in the Interdim National Development Plan

(July 1987-December 1983).

The main develooment objectives of the agricuitural sector during the Interim Natiorol
Development Plan are the following: '
”
1) To achieve a satisfactory level of self-sufficiency in the production
oi' staple food crovs;:
i1 to exparnd the production of agriculitural cxports;

1i1) te gncrease the import substitution of agricultural products and input--
and

iv) te dmprove rural =muloyment and incomes among the peasant and emergent
farmers.

AsS & way 0“in0ﬁ¥mim;praixticniﬁw‘yzoAactivity: the strat~ry wiil focus ~n
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1) intensifying the use of sbhundant resources, especially land and labour,
with o conecomitant daz-erphasis on imorted mechinery and other caplve-
intensive inputs; o
rericmnlising agrictlturel production based on economic, ecological, _
ond tecrnological comporative advantares (promoting sorghum cultivation in
droupht-prone areas):
i11) oromotion and expansion of morket-oriented production, particularly
through the support of emeroent farmers:
iv) sienificantly reducing costs of production, especially for exportable -
commodities, thus increasing their international competitiveness:
vy strexolining the provisicn of credit resoucces to producers in order
to facilitate thelr purchase of farming inputs;
viy  developing and disserdnating aporopriate technological packages for
cron ~roduction as well as substantially reducing the incidence of
livestock and ~lant diseases, particularly in the small scale and
neasnnt sub-sector: and )
11)  encouraring the production of =xport and cash crops by commercial

e
[
R

farmers. @

2.2 - Tymes and wolume of agricultursl equipment -in Zambia

As stated earlierpthe type of acsricultural equivment in use in Zambia depend on
the farming srouns and congist of -

a) Tractars @ Trasteors are’ by the commercial farmers comprise medium
horsenower (70-90 HP) which constitute the main class and big
tractors Af 130180 VP mainly usce? bHv larce scale commercial farns.
Tractors in use by thc amercent farmers, either acguired or hire:,
consist of mediur  cizaed horsaooower {78-90 HPY and small tractors
(35-50 ¥0),

At presoent, it is gstirste? thet thers are ag manv as 16 makes of trectors
and auite a larage number of models, Althouah statistics on tractor
population are inconsistent, it is estimated that, at present, close to
4,500 tractors avre in the country of which about 4,0C0 are operaticnal,

h) Horvestino machines - liost commercial Ffarmers use combine harvestors.
The most common are John Teere and ifassey Fercuson. Othor
mod~ls dn exist but no statistics are availabln. rAO0 estimates of
harvesters and threshers immorts averaged 275 units per vear {1253 in
193¢ szcordinag to CSEQY.  ITn Zambia, threshors and shaeltars are,
althouch not extensivelv, used by msall holder emervent farmers.
Farvesting is nracticallv done manually by other farmers.

c¢) Farmor dirmiewcnts ¢ Farm implements in use consist of two catecoriess
thnse vzzd along with mowercd ecguipment and those used with animal
tractinn. Statistics on imalement’s population do not segrecate those
used with nowered machine from those fny Animal traction. Total
imolement nopulation fisures vary siconificantly from stu?v to study
(5,000 to 15C,000).

The tvnce of immlements in usc ¢onsist of o

- Zub=-scilers:

-~ Chis~r1 nlouatks

-~ OFff-get disc harrcws

- Tiswtorsg and scoed drxills
{inciuding direct drillis)

- Tins cultivators ard widgers

used with tractors

oo wd o wwt e
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~ Mould-hoard ploughs

- Ridaers

- Spike tooth harrows

- Duck-foot cultivators
- Raw planters

used with animal nower

P A e

The present trend to use minimum tillace practices is minimizing the use
of disc and mould board ploughs with nowered ecuinment.

d) Irrigation equipment : Underaround water is extensively used by
commercial farmers in certeain narts of the country. Surface water irrigat-
jon is limited to largo-scale farms, such as sucar nlantations. Equip-

ment used consist of submersible numps, sprinklers, water distribution
pines and contrifugal pumps. MNational statistices on tyomes, makes and
population is unavailable. According to dealers, the tyoes and makes are
reported to bhe manv.

e} Post-harvest eguipment: Post-harvest eguinment include maize mills
and those used for transmort, such as ox-carts. Both eguipment are avail-
able in cood numbers in the rural areas.

2.3 Demand and supply situation and distribution of eguipment

Demand

Current. consumnticnn nf adricultural eauinment has been estimated
by different studics. Demend is qrowing partly due to the accumulation of

unfulfilled demand resulting from lack of foreian exchange for imported
eauipment . Demand for tractors {comprising three classes) is estimated
at an averadce of 1,000 units per year 1/ durino the period 1991-199%2.
Tractors for hire ar:c in demand by both commercial farmers and emcrgent
farmers as cost of owning is rising.

Demand for farm implements,; varticularly ox-drawn nloughs, is expected to
grow as a result of the emphasis on nromotine animal traction. Annual
consumption of vloughs is estimated at 13,50€--15,000 units during 1588~
1989 2/. Estimates for other implements is set at 4,500-5,000 units
consisting of cultivators and ridgers. Demand for ox-carts is estimated at
2,000 units/annum. Ficurss for irrigation ecuinment were not available.

The supbly of agricultural eguipment demends on the level of technology in
guestion. Powercd machines, such as tractors, harvestors, threshers and
associated imnlements are met throuch import slone. Farm implements for
animal power, maize mills and ox-carts, however, are partly or fully met
throuaoh local manufacture. Local manufacturinag cavmability exist for ox-
carts, oxen nlouch and maize mills. It is, however, handicapped by the
shortaage of adequate and agood quality raw materials. These have affected
both the aquality ard guantity of locally manufactured implemcnts. Several
industrial units adeguately ecuinped and mannsd for the local manufacture
of the above exist in Zambhia. The two most significant are Northland
Enagineering, a rnrivate company, and Lusaka ’

1/ECA, Model-Pre-Feasibility Report:Aqricultural Machinery, Eguipment
and Tractors bv HMT {Intarnaticnal) Iimited, 1988.

2/ Ministry of Agriculture and Land Development, Zambia.
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Engineering Co. Ltd. (IEMDO)},; a varastatal. Horthiand roecinlizics in srirmal <rawn
implements and produces complete single farrow mould board ploughs. cultivators,ridgers,
maize mills and ox-carts. TEMXO partly manufactures and assembles mould board ploudhs
and ox-~carts, Others. such as Turmnins ard *etals, »roduce maize mills and ox-—carts.
Eventhough loc=al production capability exists to tully meet demand, import of these
items continue

Distribution

Distribution is done mainly through Zerbian Coowerative Unions, private dealers and
varastatals. These distribution channcls are better explained by the following diagram :

Channel of distribution

Local Imports
Manufacture
| ! |
Dealers AL Farastals {

{4¢ooperative

| irii1ong

Farmers

Dealers : In Zambia there are over ten dealers engaged in the import and distribution of
aqucultural imports. Very fow of them are specialized firms.
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The main dealers are :
Power Equipment. - Messey Fcrguson
Duly Motors - Public owned, privately orgenized, engaged in both
vehicles and agricultural machine for Ford and
Yanimar

E.W. Tarry - Public owned, privately organized, engaged in both
‘ vehicle and agricultural equipment import and
' distribution for Kabuta tractors
Trans-Continental ~ -~ Specialized in agricultural equipment for CASE

International
Lay Land DAF - Primrily dealing with trucks but also handling
. Wt ot e . Marshall tractors
Turning & Metals .. - <= A mechanical workshop 4150 dealing in Henault
‘ . tractors. :

Others include AMIRAN Ltd., Mazenbe Tractors Tid., ITndustrial Distributors, TATA Zambia
Itd. '

-Parastatals : There is one big organization (AFE Ltd. representing John Deere)
specifically established for the import and distribution of agricultural equipment.
Other parastatals with broad line of products also deal wlth the supply of limited
agricultural equipment.

--Zambian-Gocperative-Unions Zambian Cooperative Unions, composed of Zambian Cooperative
Federafion Itd. (ZCF), Provencial Cooperative Unions (PCU) and Primary Marketing Unions
form a net-work of dlstrlbutlon of primarily farm tools and implements. These unions
have taken over the functlons of marketing services. ZCF eperates as the central
purchasing and import agent while the Provencial Unions operate regional distribution
centers selling fo the primary unions who buy on behalf of farmers.

3.  AGRICULTURAL EQUIPMENT MAINTENANCE

3.1 - Maintenance -organizabions

Maintenance of agricultural equipment in Zambia is carried out through different
~raanizations. They oonsist of dealcrs, commercial farmers with own workshops,
tractor hire service organizations, specialized private service workshops and village
black-smiths.

Village black-smiths orovide repair services for farm implements in the rural aress.
Their nunber is limited but scveral technical assistance packages are deployed to
promote more black-smith workshops. Among these is the FAC executed project which is
presently in its second phase. The aim of the project is to assist small-scale and
emergent farmers through the provision of affordable and continuing village black-smith
and tractor hire services.

- -Private -gervice -organizations : Such organlzatlons specifically cetering for agricultural
equipnent are few in number and exist in the major industrial towns only. however there
are several general mechanical workshops providing specizlialized maintenance services
for agricultural equipment.
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Tractor hire service organizations: There are three groups of such
oraanizations. The first, a parastatal organization(the Land Development
Services under the Ministry of Agriculture and Water Development) ,operates
tractor hire services and land development work on hire scheme. It
handles its own maintenance for its fleet: and has a central workshop
near Lusaka and branch service facilities in all provinces. The central
workshon is an old facility and inadeguatelv eoguipned and manned to meet
maintenance needs of even its own fleet. The branch offices; though
reasonably manned, are said not to have thc basic facilities to provide
reasonable maintenance services. The Land Development Services relies on
dealers workshors for mnjor maintenancoe work.

The second, nrivate tractor hire orranizations, srevida naintonance servic
to their fleet but rely on dealer workshep for serious meintenance work.
These hire oroanizations are vractically subsidiaries of commercial farmé,
or aaricultural equivment dealers.

The third, institutional supworted hire schemes,such as the FAO executed,
project, are said to perform well. Technical assistance packages provided
include development maintenance cavabilitiecs within the primary cooperativ
unions.

Commercial farms maintenance: Most bia commercial farms operate their own
maintenance facilities.They rely partly on dealers' workshops for heavy
maintenance works and supply of spare parts. Due to the current shortacge
of parts, however, they themselves tend to import and stock spare parts.,
The cquality and level of maintenance work varies from farm to farm.
fienerally, their facilities plav the most important rolc in the provision
of maintenance serviges. :

Dealers workshop : DNearly all major agricultural eguipment importers and
distributors have some form of maintenance services. The nature of
facilities, the built-in capabilities and methods of delivery of services
vary from dealer to dealer. Most dealers have nominal facilities. Some
such dealers tend to emphasize services for vehicles. This is, in part,
due to reduced import of acricultural eguipment, power equipment, AFE.

Trans-eontinental and F.M. Tarrv are amonc the better orcanized in this
ok Saibrali : :

Power Equimment has branch service workshop at Kitwe in the copper belt
area and a dealer service shop in Mukushi which operates two mcbile field
service teams. In addition to routine breakdown maintenance, it under-
takes REHAB (a monitored repair programme to replace essential parts and
put back the tractor to a working condition) and an ROC programme (a
rebuilding and upgrading maintenance to brinag a tractor to high quality
matching that of a new one and warranty eguivalent to that given to a

new tractor).

AFE: This is a parastatal with well eguipped central facilities in
Lusaka and branch service workshops at Katare.Chipata and Choma. It also
provides mobile field services. Its central workshop has alsc a well
organized unit for the maintenance of irrigation equipment as well as
stocked parts store.

The other dealers have workshons in Lusaka as well as operate mobile
field service units. The strencth of maintenance sarvices is low and,

‘ue to inadecuacv of equirment, their services are not likely to improve.
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3,2 - -Mainternmnee practices in use

The dichotomy prevailing in both the type of users of agricultural equipment and in

the delivery of maintensnce services has resulted in l-~ck of well defined
maintenance pclicies an® vractices. The nractices in use depend on the
narticular owner of the eguirment in cuestion and his awareness of the
consequences of the practices he follows.

Planned maintenance is normally practiced by bigger commercial farmers. This is said
to have resulted in higher serviceability of equipment. Attempts by some of the dealers
to operate regular mobile services by visiting individual farmers once a month is being
fursteated by lack of suitable vehicles. As a result it is not consistently practiced.

Dealers maintenance service is mostly provided on request. It is, therefore, not
possible to establish maintenance needs and programmes of cquipment in use. It
follows that specific maintenance levels and periods are not possible to define.

2.5 - Major -areas of -constraints to minbenance

The, aksence of souhd maintenance practices in Zambia is partly due to the absence of
nztional policies and guidelines on maintenance practices, However, even if policy
guidelines were formulated, enforcement could be a major constraint due to the
diversity of the svstem of ownership and management.

The high rurber of makes and models of equipment is the main cause for many of the
maintenance associated problems. The need to standardize has been well recognized.
There is, however, neo indication for its implementation. Its implementation is
complicated by the absence of criteria that can be used to select appropriate equip-
ment and existance of doner and credit financed purchases which restrict sources of
supply. Further, the inability to manage satisfactorily testing centers and enforce
coneret mechanization policies are some short fzlls hindering the implementation of
standardization.

The vroblems associated with too many makes_and models include ﬁhortages
of spare parts and lack of technicians familiar with so many makes an

models. Stock for all makes and models have to be maintained.This requires
effiricnt stock management and ties up huge capital, both of which are
scarce inputs. These counled with the absence of planned maintenance
practices, the long lead time for the acauisition of foreigh exchangeand
1ack of .mechanisms for uragent Adelivery of needed spare partshave .further
agoravated the availability of spares. Shortage of spares is unanimously
considered by users as the most crucial constraint. In regard to problems
associated with manpower, this is likely to persist in future as there are
no institutions trailor-made to train the personnel of maimtcnance
organizations. Current training is limited to short-term on the-job~ trair-
ing civen bv some of the dealers of agricultural equipment.
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Maintenance of agricultural couipment
in Ethiopia

Short Prnfile

I. BACKGROUND

1.1 Agriculturec in Ethiopis

Ethionia is primarilv an aaricultural country with over 8% per cent of
the mopulation livina in rural area and about 78 per cent of the economic
ally active vpopulation in agriculture. Aaqriculture represents 48.3 per
cent of GDP {(1984) and 90 per cent of forecn cexchange earnings.

Ethiopia has a total land area of 124.8 million hectars about 65 per
cent is astimated to be potentially suitable for agricultural develop-
ment. 14.7 per cent is estimated to be currently used for agricultural
,production. In 1981 onlv ahout 7.071 millicn hectars were estimated to
have been under crop.

The country is endowed with diverse climatic conditions suitable for
different types of agricultural development. It has several rivers
and potential irrigable land . of 2.25 million hectars. The altitude
varies from 120 meters helow sea level to 4,620 meters above sea level
and rainfall from 400 mm to 2,000 mm.

A wide variety of crops are grown in Ethiopia including cereals (maize,
wheat, sorghum, etc.), pulses (beans, peas, etc.}) and oil seeds (rape-
seed, surn-flower, nouy, etc.), Coffee, cotton and sugar-cane are the
main cash crops. Als~ ~ wide variety of fruits »nd veaetables are grcwn
at ~ifferent climatic zones.

Farming is undertaken primarily by the following four groups:

The peasant The peasant represents the largest single farmers
group both in number and area coverage. In the majority of cases he/
she uses animal traction. He/she uses hand tools in areas where
animal diseases are prevalent.

Produca cooperatives : These consist ¢f peasant who are organized

under the umbrella of cooperatives, jointly own the means of production
and farm together. They comnrise the second important group of farmers.
In most cases they use semi-mechanized farming system in that they
utilize powered equipment for critical operations either through hire
schemes or ewnership of ecuaipment. The level of mechanization varies
from cooperative to coorerative. ‘

Settlements.: These consist of peasant families who are re-settled in
new arcas following persistant drought in their own areas. They have
been settled in the ncw areas with sicnificant assistance from the
Government. They use semi-mechanized farming system whereby land is
ploughed usina powcred ecuipment provided by the Government rental
organization.
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State farms - These are Covernment commercial farms growing both
food and cash crops on a larcc-scale and using mostly mechanized
farmina system. They represent the third largest group of farm
units, following the pcasants and producer co-operatives.

The table below shows the relative importance of each aroup :

Arga (hectares) Area (hactares)
1984 % 1988 %
State farms 190,100 3.1 222,000 3.1
Peasant 5,797,100 95 .2 6.298,900 89.3
Co-operatives 169,500 2.7 537,000 ! 7.6
ot e iiond DpiRbe700 11000 17,057,500 __#00.0 ]

Source : ONCCP - Review of Agriculture Sector 1980.

102‘ Agricultural mechanization in Ethiopia

In Ethiopia, all threc levels of agricultural mechanization exist,the
most predominent level beina animal drawn technology. Animal traction
has been in use in Ethiopia for thousands of years and is widely accepted
except where animal diseascs have made it uneconomical. The levels of
mechanization adopted have, overtime,undergone changes. Brief descript-
ions of the levels .in use. are prssented below:

Powered ecuipment :Prwered coulpment was widely used by commercial
farmers and agro-industrial projects prior to the Ethiopian Revolution.
Following the Fthiopian Revolution which put naticonalized farms under
state control and the disannearance of the smallest farms, use

vowered equipment was confined to the state sector. Prior to ta eov er
with the excention of very large commercial farms use of modern
technoloagy and tractorization was limited to critical nrerations,

such as land preparation. With the organization of the peasants

into co-operatives. parcellization of land was avoided and a policy

of introducing powered ecuipment to co-operative farms was adopted.
Presently, a good number of producers co—ooeratlves use powered
machines for critical operations.

Animal traction : As earlier noted, naimal traction is the main
source of power for farming activities. A tyxaditional plough
{known as maresha) is used for nearly all land preparation work.
Several attempts to irprove the maresha or replace it with mould-
board plough were made but none have been successful. Animal
traction still is and will remain to be the most important
technoloay in use in Ethiopia for some time to come.
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Hand tools or the hoe culture ¢ Pand tool technolooy is practiced
only in limited arecas, speciallv in the lowlands whers animal power

is uneconomical. Hand tools are also used for cultivation work where
partial mechanization or animal-power is adopted.

2. AGRICULTURAL EQUIPMENT IM ETHICPIA

2.1 Palicy and stratecy

Prior to the Ethionian revonlution, policy consideration to requlate

the levels of technology to be used in agriculture were not considered.
There was, however, a clear commitment to improve the farm implements
used by the peasant. Several research and development were carried

out and prototypes introduced. Agricultural eauipment used by commercial
farms were beinca denloyed followina the Aesires nnd knowledge of indivi-
Aual entre-rencurs and the institutional strencth ~f the marketina organ-
izati~ns.The question of aoricultural eguimment nolicy started to be
addressed following the restructuring of the acriculturalesector under
two major categories, i.e. the peasant and state sector. Although

there are to-date no exnlicit policy guidelines, the following major
directions have been indicatcd

- The state sector is to be developed on the basis of a fully
mechanized technoloay. To this end, over 4,000 tractors and
associated ecuipment were imported into the country since the
revolution. 2 specialized parastatal organization to handle
the immort and technical\suomort for these equloment has been
established.

- The peasant sector is to be re-organized into producers co-
peratives which shall adopt partial mechanization through,
tractor hire service to- be.organized under thé Ministry of
Acriculture. To this end;-a parastatal mechanization unit
has been established and presently coperates over 1,244 tractors
with their associated equipment and accesscries.

The most significant of the nolicy statements in which the governmemt
has made a clear indication of the line of development of agricultural
equipment is the one expressed in "The Policy Guidelines for Farmers
Producers Co-operatives" issued by the Provisional Military Government
of Socialist Ethiopia dated June 1979. The following is stated in
Article 5 on pacge 8 of the guidelines : "It ig unrealistic¢ to exnecL
substantial growth in Acoricultural development ‘in the absence of :
imnroved and modern aqgricultural machineries. To base ones strategy

on the aradual development of the use of improved aqucultural machineries
such as the c¢radual step by step change from shovels to hoes, from hoes
to improved animal draught implements and then tc small tractors, etc...
besides restraining man's capabilities it is conservative thinking. In
a country like Ethionia which is runnina a revolution as long as it is
carable to mobilize its human resources, strenathen its mass organizat-
ions and raisc the mpolitical consciousness of its people Ethiopia has
neither the time or comfort to follow such a step by step development
strateay. A2ll menas and promotional efforts shall have to be found to
ensure the availability and exmanded utilization of tractors, mowers,
threshers, water pumps and irrigation eguipments etc.... Among the
actinns to he taken is to establish at avnronriate locatinons Tractor
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and Machinery Services Stations.” With resnmect to the small holder,

the policy is to eguin the necasant with improved implements and introduce
new cultivation technigues. To this end, an agricultural implements
rescarch and development center has been established and is currently
undertakina serious resecarch activities.

2.2 Acricultural cguipment used in Ethionia

Powered ecuivnment

a) Tractors:The types,makes and population of tractors use? h-v: ‘unler-
cone several chandes. Prior to the revolution the number of makes
~and models of tractors was guite hich and nearly all major makes
were reprosented. Since the revolution, there have been significant
imports of trac¢tors for the state sector but only of very few makes-
and models. FAO's estimate of tractor population is 3,900 while
from ficqures collected from the state farms and the Aaricultural
Mechanization Services Corroration the total for these two alone
exceeds 3,770 tractors. Takina into account tractors owncd and
cnerated bv producers co-operatives, service co-operatives and
relief and rehabhilitation centers, a reasonable estimate of total
tractor nopulation is akout 5,000. The major makes of tractors are
ZT tractors from GDP,IMT tractors from Yugoslavia, Massey Ferguson
Fiat, and NATFA tractors {locally asscembled Bavlarus tractor from
USSR) . There is a small number of ether tractors that were imported
through bi-lateral arrancsments. Tractors in Ethiopia are, primarily,
of the medium rance, i.e. 70-90 HP, though there is a current trend
to use tractors of hicher rance, 132150 PP, in the state sector.
Their number is,however,limited few., A few 35-50 HI' tractors are in
use In-herticultlural farms. It is estimated that less than 50 ner
cent of the tractor nonulaticn is rrerati-onal at present. )

b) Harvestino machine : Combined harvesting machines for maize and wheat
are owned and operated by the state sector and hire scheme organizat-
ions. The number of makes of horvesters are fow, comorising
mainly those from CDR, Vurnslavia and USSR. The total population of
of combined harvesters estimated by FAO is 150 units. However,figures
received from the state farms and the mechanization corporation. give
A total of 585 combines. The latter is likely to be close to the true
fioure as not mAnv are axnecta” to he owne? outside these tv: orman-
izatirns. Serviceabilitv is slirhtlv bicher for combines as a.~nod
number of them are new acouisitinns Treshers and corn shellers are als
immorted and distributza” to the pgasants bhut their numbcrs arc
ingionificant. '

c) Agricultural imolements @: Agricultural implements in use in
association with powered machines consist of :

- Sub-soilérs (not extensivaly used);
- Disc~ploughs (4-5 farrows):

- ¥ould-board nlouchs (4-5 farrows);
- Pisc harrows;

- Cultivators and ridgers; and

- Planters and seed drills.
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Other auxilliary ecguipment used include : sprayers. spreaders, levelers
and trailors.

Disc ploughs and mculd-board ploughs are extensively used. Minimum tillag
practice is yot to be introduced.

Table 2.1 below shows the total agricultural equipment currently in use
by the state farms and tractor hire organizations.

Table 2.1

Type of equipment State farms ﬁgii:;izgi?én

Corporation Total
Tractors 2,52¢ 1,244 3,770
Ploughs (disc and
mould board) 1,014 1,288 2,302
Harrows 683 924 1,607
Ridagers 128 3 131
Levelers 64 - 64
Planters and seed
drills 306 8 314
Seed and fertilizer
spreaders 377 14 391
Soravers 146 - 116
Cultiwvators 382 . 24 406
Trailors 960 366 1,326
Combine harvesters 242 143 585

d) Irrigation equipment : Most irrigated farms are based on gravity
system and only a few of them use high discharge pumps to pump
water from the rivers. As a result, the population of irrigation
equipment, particularly the more complex ones, is rather small.

e} Animal traction : In Ethiopia, q?e primary implement in use with
animal power is the traditional—" 'Maresha' which consists of a
steel shear, and it is attached to a frame comprisina two wooden
wings, a handle, a beam, a neck yoke and a harness. The wooden
parts of the Maresha are fitted by the farmer while the plough
shecar is made by the local black-smith. It is estimated that
cach peasant farmer has at least one Maresha plough and on the
basis of the present peasant population of about 5.8 million,the
total number of mareshas is expected to cexceed this figure.
Lttempts to introduce other animal drawn implements have not becn
successful.

Demand_gggﬁly and distribution of agricultural equipment

Demand

Demand for agricultural equipment shows different patterns compared
to other African countries. As Ethiopia follows planned economy,
the level of consumption of agricultural eauipment dewmends unon the
lavel of implementation of planned targets. This applies to demand
for powered machine which depends on the planned expansion of the
state sector and the ability to organize peasants into co-operatives.
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According to the ten vear indicative plan, by 1994 state farms are to
cultivaté ahout 500,000 hectares and producers cooperatives close to

4.4 million hectars together renresenting 53 per cent of the total
planned cultivated area. 1In view of the low rate of plan implementation
by state farms znd producers co-operatives, it appears that demand for
powered equipment is not likely to grow. HMT in its Model Pre-feasibilit:
Report for Aaricultural Machinery,FqUmeent and Tractor, April 1988,
prepared for ECA put annual demand at 1,580 tractors during 1991-19892,
tractonrs with 50-100 PP constituting the major groum.

Demand for imrlements to be used along with tractors are expected to
increase proporticnal to the number of tractors while demand for animal .
drawn immlements, the '"Maresha', is tec decrcasce. In regard to improved
animal drawn farm implements it is not likely that they will be developec
and successfully introduced in the foreseeable future. Demand for
threshers and shellers are expected to agrow with the establishment of
rural technoloqy centers.

Supply

The supply of agricultural ecuipment depends on the type of equipment
used. It can be gencralized that nearly all powered equipment and their
associated accessories are met through imports and animal drawn imple-
ments throuagh local manufacture. A local assembly plant {(Nazareth
Tractor RAssembly Plant) supplies tractors imported from the USSR on PKD
basis. It has a capacity to assemble 1000 units in a year in a single
shift and can produce up to 3,000 in threoe shifts. It assembles only

one size of tractor {80-82 HP) in both two-wheel and four-wheel drive
versions. Tractor needs of other sizes are met through immorts.

In regard to animal drawn farm implements and tools, several establish-
ments, both in the formal and informal sectors, supply the needs. The
establishments encaged in the manufacture of animal drawn implements
and hand tools consist of :

= Ethiopnian Metal Tools Factory - a parastatal company;

~ Edge-Bessera; Maresha, Wegele and Belawa Producer Cooperative -
a producer co-nperative:

- Rural Technology Centers of the Ministry of Aquculture
(seven centers); :

- Handicraft Cooperatives; and

- hrtisans,

The production of these establishments consists of maresha plough,
cultivator (gsnike - tooth harrow), threshers, hoes, gessos (digging
hoes), axes and the like.

Distribution

The channels of distribution for agricultural equipment depend on the
users. State farms get their agricultural equipment through the
haricultural Egquipment and Technical Services Corporation (AETSC) a
parastatal organized specifically established for this purpose.,
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All imrorts of aaricultural ecuinment,; includina the PKD's for the local tractor
assembling plant are made and distributed bwv this oraanization. TLocally manufactured
tools are procurred direct by the State Farm Corporation. The other channel. 2griculte
ural Mechanization Service Corporation {(AMSC), serves the peasant sector. It was
oraganized recently and is entrusted with the responsibilitv to procure and distribute
acricultural ecuipment to the peasants. This is the same organization giving tractor
hire services. Farm tools and small implements are procurred by Peasant Service
Co-oneratives and distributed to individual peasant or, in some cases, procurred direct-
1v bv pneasants from the retail market or local artisan. A few agricultural equipment
dealers still operate in the country and import tractors and farm implements on behalf
of end users. Locally manufactured tools and implements are marketed through Ethiopian
Nomestic Distribution Coruvoration (EDDC).

The channel of destibutions described above is shown in the chart below.

Imports Local

Manufacture

) _7-7-‘_“‘--. \‘
AN e

AETSC Dealers - AMBC 1 EDDC

Cooperatives '

Relallers
Service

[

.
State farmg ‘J [ Deasants

3. AGRICUTTURAL EOUIPMENT MATMTENANCE
3.1 Maintenance Orcanizations

'I'he:;e are three primary orqanizations catering for maintenance services for agricultural
equirment: those ceared tb serve state farms, the state ¥ractor hire service orqanizat-
ion etering for its own needs and peasant cooperatives amd dealers. -A-brief discription
of the maintenance net-work which is well structured is described below.
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State farm facilities

Maintenance service is provided to state farms by either the
maintenance crganization of the Agricultural Equipment and
Technical Services Corporation (AFTSC) or maintenance workshops
organized within the state farm corovorations.

AETSC immorts acricultural cguinment and operates a central A
maintenance orcanization for bre-sales services, major repairs

and overhaul of acricultural equipment as well as mobile service
units. Tt has one modern central workshop built on the assembly
line principle for total rebuilding of acgricultural equipment and
their components. The facilities of the workshop include a well
equipped mechanical unit for regeneration of parts and components.
It has a rebuilding cavacity of 500 units of engines per annum and
a good number of trained engineers and technicians, supported by
manufacturers engineers.

AETSC is in the process of constructina regyional workshops in three
Zzcnes, each capable nf total overhauling of 500 tractors per annum.
The first unit in the western part of the country is nearing
comoleticn. The other two units to be built are in the south and
south-castern part of the country. These with the planned regional
workshops to be imnlemented by the Aqricultural Mechanization
Services Corporation in the northern and north-esstern part of the
country, would eventually give the country the capability and
cavacity tc undertake major repair works.

Within the State Farm Corporation, each farm unit covering about 6,000 hectars

owns and operates a licht maintenance serwice workshoo for nreventive maintenance,
replacerent of parts and compontnts and routine services. There are a total of

46 service workshons distributed all over the country. Twenty four of these e
have adeguately ecniirned permanent infrastructures. Others are either under
construction or housed in temporarv shelters, and five are illequipped, lacking

the cavability required. s

Over the years that the state farms have been in existance, a aradual build-up
of trained technical personnel has been achieved. The number of such personpel
is aiven in Table 3.1 below, Training continues to be provided by AETSC which
cnerates a trainina center in Addis Ababa. It gives orientation, skill up-
arading and refreshrent courses on agricultural emuipment maintenance.

State hire service facilities

The State Acoricultural Mechanization Services Corvoration %s under the overall
sunervision of the 'inistrv of Acriculture. It was established to perform the
following three bhasic ohjectives :

- Froduce end distribute agricultural equipment to thre peasant sector;
-~ Provide machinery hire services to the peasant secter; and. .
- Deliver maintenance service for agricultural equipment to the peasant sector.
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Tabla 3.1 VFumber of technical »nersonnel within the State Farms

Skills ' Foreran | Sonior | Technician| Junicx [Helpgr otk

Manacamont 10 150G
Mechanic 12 14 538 797 '3 1,447 !
Flcetrician 1 & 282 245 25 557

- Welder 1 6 gn 107 1€ 553
Machinist B 1 4 28 2

o
W
[y
ot
]

—
i

2oro-mechanic

Total 25 1oe a8q 1,193 127 2, :37

In order tc fulfill the above objectives, it is in the nrocess of
buildinc-un the neccssary infrastructure. PRrinc newly established

{only four years old}, it is =till a lenag way fror beinc a maintenancs
force. It is structured in the f£ollowina hierarchy ¢ a main staticon
coverine arnroximately 30,000 - 50,800 he~tars. a brigede coverinr-
£,000-10,000 hectars nnd a m~riln work unit enverine 2,000-3,000 hectars

The above structure will have a reqgional workshon at the main station.

a servicce workshor feguivelont to farm workshop) at briwoade level and

a mohile scrvicae unit at each work unit St nresent, there are coll

for six main stations and 18 brigades., Foendineg the implementation of the
comnlcte infrastructure, it has develoned temporarvy facilities at each
of the briugade Incatcinns and oneratos mobile teams from its headouvartors
in nMdis Ababa. Tho chmmnsitiosn of man~wer is civen in Table 3.2.

Table 3.2 Mumbor of Technicans with Loricultural Mechanization Servine

Skills Foreran| Senior | Teacnnician Junior | Helpor] Totnl
Manaramont 7 , 7
{ wechanic 12 g 82 31 30 w
Flectrician 2 17 18 v 30
Weldear ' ' 1 G 1z 2 Z.
. Tyre rcpalror 18 ' 12 30
Soro-machanic ? ' 2
Total 10 | & 125 61 16 262
::::::::::::::::::::::::=:=:‘.‘.:._='_‘.====‘::|:‘:=:‘::::::::J::::::::‘:::::::::::2:—:‘.‘:

Souroe o LMSC,
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Dealcers facilities: At vrasent, there is only one dealer, Ries-Inoinc. -
the Maggse Purgison “oent which still has a well nreanized worksho— -~
continues tn deliver maintenance services on acricultural souirmernt
Others such as John Deere. Tord and Fiat dealers, who had well cetaoiis .
workshong have either clesed down or arc onerating at a very low manzo o
utilization fue to Jow import ~f aagricultural souinment.

Plack-smiths facilities : Rlack-smiths {individuals and cooperativcs) -
focun? all over tho country znd provide meintevnance services on farr
implements »f the neasant sector. Fowever, their servicos arc limitor
to rerair hy forging and orinding orerations only. They lack bazic
facilitics to undertake bichey maintenance functions. Rural technolor s
centors and adult educatior centers oraganized under the Ministry of
Aariculture zssist and train farmers in maintenance and surplement tho
servicrs nrovided by the blrck-smiths.

3.2 Mainternance rnracticoes in usce

Thourh acricultural ecuinpment oswnership and operatinon is well definc-,
the imnlementation of a A~fine? maintenance rracticcs is not cloar. T?;?
partlv could be Aus to the emphasis «iven to nroduction and not s0 Tﬂ”“
to maintenance. In regax? to the statc farms, the necessary infrastro-
has alrea’y been develcned while the development of a maintenance rlan
is currcntly under consideration. In rasvpect of machinery hirce schemo.
attemnts are beinc made to f2llsw proventive maintenance vractices, whic
due tn lock of infrastructure and Aispersed locations of costomers, Lo
not fully cfifoective. From these it 1s dpparent that there is a necd ©o
daevelnp svstomatic maintenance practices.

3.3 Mztor ennstraints to melntenance

The main constraintsg to the delivery of satisfactory maintenance scrvioss
in Ethionia ~re those oxp anced by daveleoping ccuntrics. These ancl:d
shortaces »f grare parts to scarcity of foreian exchange; scarcity
nf cxreriznced, skilled technicians: and management systcems that loave s
much &9 bz Jesired. Thouch some basic infrastructures bhave been
develored and there is a Covernment policy to improve maintenance
capability, it should be noted that the building of infrastructures anc
trainina of skilled technicians takes time.

i

«r
dun .

The zhilitv »f the country to identify, selact and purchase the most
appropriste equipment is another mainternance problem. The mechanise

cr the institutionel frame-work for such a task has not been fully' ;
develnped vet. T4 sheould be noted, however, that there exists in the |
courtry ¢onditicons for limiting the makes and models of and therefnre
the nossibility for stancdar”izino agricultural eauipment.

Otbhor sicnificant constrains include lack of incentives and absence of
motivatine schemes. I's a result, labour productivity is low and logs »f
gskilled rmanrower Je high., With the development and implementatiosn of
maintonance manacement systems, the construction of the regional and
branch maintenance cstahlishnents and offective use of mannower davelor- -
ment schere, constraints to maintenance could be substantially mitigatod



