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= the spreading of new, modern techniques.

The effect and reciprocity of these factors will determine
jointly the level, directions of development und rate of
wmechanizatiocn, as well as the optimal size of the machlnes,
ard purchasing power 1is also a relevant factor,

Cn the basis of investigations, as well as econommic and

trade policy, to be described in rore detail later, it is
Justified hy all means that an agricultural machinery factory
should be established in Zambia, a part of which would
assenble meore sophisticated tractor-drawn implements (part of
which cen bc produced locally); water pumps for irrigation,
etc.

This factory would decidey for many years to come, on the
direction of agricultural developnient in Zambia. From among
the rmachine industries in the counitry, the acricultural
rachine industry: will continue to evelve over several years,
cwinag to its special potentizl. The most suitable machinery
for agricultusral production in the country vill not be lnown
until the first tools end implements have beea used durinng
several seasons, which will then make it poussible to Lave an
idea ni the final modifications necessary. This process
cannct be acceleirated since the preparation o¢f the soil is
done in a certain season only (beginning of rainy season) and
the care of plants is connected with the bviclogical character-
istics ef crop, the growth of the plant, etc.

Yor this reascn, when enumerating those agricultural implenents
certain parts of which need a2lierstion and also the proposed
new ones, I have mentioned their exact names a.d the agro=-
technical process or operation which is being mechanized, as
well as possible structural solutionses The final production
tectinology should be developed with far-reacuing consideration
for thesce factors (ce.g. selection of raw material, formation of
cutting-edge, etc.).

I have giveq proposals ~ w.th appropria.e reasons - for the
alteration of several structural parts, because local produc-
tion will be mainly concentrated on hand tools aund animeale-
drawn implenents and by this means the live labour expenditure
con e reduced considerably, vhich is the maii objective of
agricultural mechanization.

Ansther intention is to suggest the intiroduction of guch new
implements (roller plouah) the use of which ie almost
completely indepandant of seasons, cliuatic conditions, and
thus the need for much of the work to be done simultaneously
during the high season can be avoided. I am also recommending
the use of auxiliary inplements (liydrolift water lifting
dnvice) which work without any fuel or attendance.




-3

well as for ensuring the right mroduction Zechanlcar, The
forge shop of the factory can start woikina tfeoner tran the
rae shop in

rest of the factory (since there is a cerplete e
the Zambia Kailways Repair Workshop, at katwe. almnest unused, which
can certainly be taken over by the proroscd igricultural Machinery
Factory). The forge shop will ha.e tho nosi prorivable produc:ion
and will be able to do conmissiou worr fn: the mines, roquiring

a large quanti*y of picks, shevels, ete.

Considering that the Zambian Goverprert ic ainino at {le
intensive development of agricultiure, it is5 of prime importance
to improve niechanization in the agricultural cector, i

A
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proposed A.M.F., enabling those competent t» 36 so to discuss

my proposal.

One of the objectives of my assignment wus o assist Rucou
Iudustries Ltd. in mzking several prototypes. Since it

became evident that agricultural machinery could nst be
produced by small workshops or artisans only, and ¢ new
factory should be set up, no proteotype machines c¢ould be made
by the facilities of a small workshon and the future equipment
of the factory proposed is not yct at our drspozal.

Summing up in short, the main objectives +f the Final Report's
proposals are to:

~ produce agricultural hand tcols and implementis locally,
at low price and put an end to iwrortations:

- make agricultural producti: n easici;

- ensure coniinuous working possibiliticn for rural
artisans;

- <create new working possibilities in the factory;

~ increase food production, thus improving rthe food supply
of inhabitants;

~ technical davelopment and creation of the bosic of

future traininge.
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f. Summary of the agtual :orisvltural develconment in
Zambin_and nromnc

sals for the crcation of the ungraicultural

machinary indesicy and the develooment o the
agricu’tural mechanization

-y of agricultural development in Zawmbia

XY

Jaiihia produzes ne agricultural machinery herself, 7Thus the

vwhole requiremsnt of the zountry {(tractors and thei: equipment,

animal dvawn implementis, scotch carts, hand toels, =#tc.) hawm
Laen and (3 imported mainly frow China, South Africa {via
‘awi, Mozsmbique, England, U.S.A., etc. (Mame of the
Pnalar Bxuevt Coet  Agrimal, near Blantyie.)
"he anricuitural small machinery pricea of South Africa and
aaps.inlly 2f China are exceptionaliy favourable (e.g. “the
=0 kg Cains plough costm Ki1b, the Malawi (Scuth African) cos's
K17, which prices camnot even cover their production cost.
Lherme mrices have, up to now, made it Impossibles tc develop

‘ne Zambiar industry and produce sgricultural machinery localiv.)

AccL-Adian to the me ceulled "Lenco Study"” on the possibility
ol vindae’ g o few types of agricultural machinzry by tha

couls ba 407 mare expensive than the South African (Malaewi)
air, ond H0% mors expernzive than the Chinese,

LIACY oalealation en animal Jdrawn imnlements:

4 Invirsaring Co. (LENCO). the same type of jplough (28 kg)

e yma lon LENCO Nambe ard .
s . . . . Difference
for 1272 Deneminatien ex-factory selling .o
inovieces in K- price B
Cr Pleugh 80 -
f 00 (zingle furrow) 25.=-- 15,15 63
D, 00 Cnitivater SS51 28.50 23, 235
700 Triangular harrow 15.60 15,60 -
1,00 © Leavy zigoay harrow 19.56 19 e~
100 Dirmnsud horrow , 13 q== 11.30 1:Z
T Dpawber (2 sectien) 6.50 .90
3 " 3 n 8. —— 7.C0
Lo Ridging plough 28, = 23.60 19

Thir price weuld be much moere faveurable in an independent
Zauh .o pgriceuitural machinery factory. On the basis of the

predininary calenulation the total producis o0 the factory (see

sermraice ealculation sheets in Clapter V) would make it -
possible to achieve a price of K19.56 for tlLe above type and
aize of plough {38 kg), whicli price would he 145 highar than
ihm 5. African ene and 30% hither than the Chinese.

T difiference must be remunarated from the profit of Lhese
preducieg which are preduced with profit., The factory ceonld
sty rentable even if it were desired to achinve Lhe actnual
inpnrt asrice of the Chinese.
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Zambiar. agriculturs ecan be divided inis throe fgraups:

a. The me called commusreial far:iing =sector (Fram abour 1,000
te 5,000 acres), which is cencerntrated waintly alung thn
main railveay iiume Their nusber is absut 550, wiill an
average of ,000 ncres.

The ececmneircial farmning zacter predunces the uajorivy of
the agricultural preduge end provider almost ail the
country's agriculturel erpari cernings.

b. The emergent fainers (frem aboat 100 to 1,000 reras) ara
meainly praducing fer lesel wmarkeiing,
They wirs alss sorceatrsicd alang The 1ailvay line in
Central mud Seuthera Provinons and ale
in Eastern Previnze. The papu.atieon cf thase -~ orriftaorles
is 10 to 40 persens par squese kilenedi

Ny SO DA, V0w

e,

¢c. The enall farmers' activity is wrimaritv sulgisience (from
about 1 te 3 aeres by hand sndé 5 to 30 aeres by oo
abeut 450,000 families. Thsy are toe be saund ia
Nerth Vestern &nd Westerrn Vrevinces where the nowvulaticen
is 2 te 10 perzons per scuare kilsuetre,

Chern,

It can be found that the size of the coumerciai favuing ractor
is decressing. At tho samg time the size s tne nen-comnme:sial
secter is incremsing anéd this tendsucy wiil preosbly last in
the future.

The develepment of these agricultural ferming secters and their
influence on each other will decide on the level, diresciien

and rato of developuent ef agricnltural mechanlzation as well
as on the ratienal and ecencmical size ef the commercinzl and
nen-comaareial secteors,

P
[ R

$o

The dewmand fer agrigultural sm-~ ! rachinery end haud e
high enough (e.g. ploughs, hariows, cultivalers, 12,000 piec~s/
year, hand hees 500,000 pieces/vear) te create au agricultural
machinery factory in Zambia hut ene must, neturally, fuke inte
consideratioen these findinge enumerested in the previous

paragraph,.

One of the main incsrfeetions of the actual supnply in aqgricul-
turad machinery (both tractor and znimal drawn) Is the =

of spare parts, which is often eatastrophic le.g. one farmer
near Kabwe, (Mr Meresby-White) had te buy several neyw tractors,
ewing to lack of spare parts fer the eld ones: at ihe Kafubn
Rasettlement Secheme, run by the Isralis, o traeter io
disassenbled whenever a aparo part is nee'crd ‘or the others,
fcc.) and there are ne sufficient maintenance and service
possibilities c@ther.

horitage

The very limited number ef repair or service worksbiipez, desling
with agricultural mechinery aro either not relinble cving toe
their technical inability, or they ara muclh lov cxXpensive.
Those whe know their job and have faveu.able wrieen, huave
insufficient capagiity te meoet &1l theo Lot s s, one 1
te wait even half a year tc have the nmoaci
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&ying te these incufficisncieathiws is, in cvery werking
sn, o large quauntity ef nachinery which is eut ef ube
and fLere cye the yield is less than expected, which is a 1

‘mificsnt less for the ceuntry. .

Ti. pmall--scele industrial worksheps eof Rucem Incdustries Ltcd.

ar~ gsituated in the rural arcas. Thege workshops which have s
" repair shep - at Crhema, Mengu, Zamtezi; Selwezig

Hanio, owanabwe, Yasema, Chipata, DPatauke (sec gkotch mag) -

cends tale part in the sssembly, repair and naintenance er v
raciculivral machinery if they were sufficiently cquipped

wnsd the tovants o7 the worksheps were proaperly trained.s L

#r.i3 wey these werkshops could participate i the activity of

the prepesed Kawge Agriculiural Machinery Factery.

wacrenicel

L 15 @n.iy a natter ef erganizatien fer the central Kabwe
¥actery te supply the smallescaie indusirial werkshers with
Ll wnre fephuisticated parts (ferged and cast pieces) which
coulsd net be made ia these small workrheps. Then, & certain
v ober ¢f small mechines wauld be {inished in the rural

'3

vaurhens, »n the basis ef the facleryls drawinge.

Thin imind =f divisien ef labesur weuld assure the permanant
aannibiiity & werk for these werkshnps and th= Tnctary

s dd nrowate Laeir techinical developmen! effectivelys Cn

the otbes hand this sslution would create a po-sinility of deve
mine en s countrywide scale, a repair and mointenansce network,

The Zaumbian Ministry ef Rural Develepment and aother erganiz-~
ciimns ¢o not have a well eorganized, effective puhlicity rean.
“ublie sang bas been taking plea.s zince 1966 but net eificiently
cnmih, an by 1972 oniy 20% ef vhe pepulatien had beentrazined
i nelpet to some exteate

Tie *nricultural Ificers in the provinces ds net funciien in
this splueie, a&lthough instruction on the use of eniwal~drawa
inplenence wauld be the easiest te de by direct reans, smeng
trha inbolitonis of the villages. This is the fiiret and nest
fovpertant siep for the appreximately 450,C00 rure} rubsistence
“ayvi famellics, to replace the use ef uuman physical zneray
wy the wisz ol nmachines

This waiulo be A way @f realizing the call *s the public by

" K, Kuunca, President eof the Zambian Republic, in 1969,
ainirsa ot the mest intensive rurel development anud &t a higher
pui adard of life and better yield of the subuistence farmers,
e thrt they, teey, can sell part ef their prodocteo.

The t.sotry ef Pural Develepment and ether ergenizaticns are

net n pussessien of suitable narket resecarch oroanizations .
/Lle te determine the changing markaet demand. Therefsre tho

reoloon cerand cawnst be deteruined exactlys. Yhin is why it

happened thet different iypes ef machiues were impertec (nge N

v
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implements which do not match the types c¢f tractors used in
this country and so they have been kept in the Nawboard

- depets for several vear.) and cannot be used.

The quality aind the selectien of gesds imported are sometimes
questionable. The meterial eof the Chinese plough is weak,

they easily get Beformed, the ploughshare does not leep its
edge for long enougu. The rural faammers have no possibility

of sharpening it regularly and, unfortunately, they are unaware
of the importance of working with a sharp nloughshare.

The quality ef the F .nd hees is also inferier. ITn 3-4 years
they are wern out (see phetes. 2 and 4 yzaurs resp.)

Many mere types of hand hees could be used. There is only one
type of hand teel available all aver the country and that is
the hand hee of 1.60 kgo This is tee heavy for weed hoeing.
It is also difficult toe cut deeper in the se@il than 5-7 cus
because the use of this type of hoe iu the hard soil requires
hard physical werk ,,q thus only a smaller arca can be
crltivated,

Sometimes the agricultural machinery and tools are not
distributed according te the requiremants of certain areas,
the local conditions and the quality ef the =o0il; if they
are used then, t.ey cannoet werk efficiently from the agre-
technical point of view.

Imported machinery is distributed by Namboard so ihat 50% of
the total goes to Central and Southern Prdvinces and the other
50% te the rest of the country, hardly any to the North and a

miror quantity te the Nevth West. In this way, the distribution

of Zambia's population is also taken into censideratien to a
certain extent (see Popul::ion map).

The training ef the cattle is alse a problem in those parts of
the country where there are no tsetse flies and cettle is used.
Thers are agricultural operations (e.g. sowing in lines,
ridging, cultivatien, etc.) for which enly well trained cattle
should be used., Because of l&ck ef a central animal training
centre, thg general use of animal-drawn implements is consider-
ably hindered, or the result is not as geed as it should be,
although this would be the enly way te change from hend cultive
ation te animal-drawn cvltivatien,

~8 far as hand seeders are concerned, they are in demand, but
the imported models cost about K30 to KLO nore than if they
were msde locally, in series., The seeders are being tested
at Mansa (Luapula Province) by the French S.A.T.E.C. rice
project. The production plan and calrulation of the seeders
can only be made later on.

The actual cutting of the plants is net satisfactory with the
traditional scythe used; another tyne of tool, with different
shape and execution, the sickle, should be used.
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i3. The mechanization of ground nputs is nei yel gslved sixther
(greund nut lifter, sheller, etc.). The greund nut is
produced hy emull farmers onlv. Because of laclk of this
wechanizatien the ground nut cannet be produced by
conmercial farmers, although this wevld mean 2 fvrther step
in develeping the local feod industry, i.e¢, the production ef
ceeking 231! which is eften in short supply,

ihnre ere teo many types ef tractors used e¢n the cemnmercial
rronan,; which meons the! fer nest of thea there are censtant
chortages of spaire parts; or it iz impessiblae te obiain them
e. »/1, There is a similar preblem with the implements wkich
zannnl be adopted te any type or capacity ef tracter. Owinn
te iLhis situaation it will be very difficult to ctart standard-—

izing tlue tracter implements.

.
Ps

Quntatien frem the A.F.E. Market Study:
UDistributien of Lractors among various Government bodics
frorn Jaauary 1664 to March 1909

Govi. Hasscy.Nufs Ferd inter- John Zetor ilenda Ley- Faward Tetal

indiss Feprg- field nat- Deer: land

o nucty ienal Motors

4l 29 13 L - - - - 2 92
o 2 59 2 - - - - - 17L
Py
s Ly 101 22 - - 150 - - - 326
c - - L0 - - - - - - L0
Graiining 7 i 1 11 2 - - - - [22s]
Research 13 3 1 2 - - - 3 - 1)
HYW udt’ij L 6 BIL l.&l} 2 - 1 - - 92
Foads e - - 46 5 - - - - 55
Gane & )]
Fishériee ) 12 - 6 - - . - - - 18
Mechaiie )
Services ) & 3 1 1 8 - - - - 21
Fraich ) d
“ater )
! 1 - - - - - - ’

Aflairs )} 1 1 - *
Educatiorn L - - - - - 30 - - 34
Vetre:inory 3 - 1 - - . - - - I
Taetse ) ”
Contiol ) 12 - - 1 - - = - - 12
Frisor 5 - - 1 - - - - - ¢
Mizcell, 5 1 - 2 - - - - - 11
Total 257 204 220 114 18 154 32 3 2

“3., Th2 importers of {tracter and animal drawva implements do net
have enough stocks of different spare parts. %ibe inplements
are usually seld in lLusaka and transported to every part of
the country where nobedy deals with their maintenance and
repasisre
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One of the reasens for tiec esrly failiire of the tractors is

is that itbe tracior drivers are littlo educaled and trained

and do not even do the minimum maintenance requireds. There

is no tractor driver?s schoel. Well trained tractor drivers
could prevent neny failures and breakdoewns, i.ec. many spare

parts could bLe saved,

There are no. enosugh technical personnel at Magoye C
Agricultural Research Station. Fer thi. rceason they can only
deal with a very limited number of subjects. Consequently
they cannot take part with the uecessary activity in the
development of agricultursl mechanization, in spite ef the
fact that it is urgently required,

The salesmen of Nambeard are not interested in the number of
teels or implements sold, as they do ust get any percentage
of the business turnever, lheugh they ceuld do a very goed
service by publicizing the use of the agricultural tools and
machinery in the nearby villages,

L]
Diagnestic conclusion: +the econemic mission of Namboard is
right and necteworthy; its aciivity rosns sianificaut proqgress
in agriculture, but should ge furtier. Namboord should look
te the future and develop along the lines outlined in the
foregeing paragraphs,

Agricultural development is hindered for these situated in
remote parts of the country by lack of prop~r roads, and
appropriate transport facilities. Contact with the capital
or line of rail is very difficult. In zuch places, like the
Northern, North-western and Westcra parts oi the country,
real agricultural deveolopment, with ine creation of big
cemmercial farms will net develop until the troansport of
goods, machinery, tertilizers, crops, etc. is solved.

Feo this rea.on one must take inte consideration that the
construction of new roads and railway:, will bring about
agricultural prosperity in thzse areis. A main read should

be completed in 1973 to Western Province: Lusaka - Kaona -
Mongu; and a railway is being built by the Chinese in
Tanzania and Zambia to cennect Dar-es-Salaam and Lusska via
Tunduma (Srontier station) - Kasama - Mpika - S-renje - Mkushi
~ Kapiri Mposhi; her~ the new railway line will join the
existing main North-Seuth line (59 statliens a)ioqgether).

The line of rail especially will have o positive effect on
the development of big coumercial farws, because the railway
will be able to transport the importaat quontity of maize,

etc. te be produced aleng the line. Another effect of the

new railway will be ‘the formation of communal villages.
Industry and especially the sgricultueal industry must be
prepared for the coupletion of the roads and railway, althcough
in my estimation, the outcec .e will not be fully realized for
8-10 years. The industry will have to be able vo supply these
territories with the appropriate machinery.
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U 3] wractor-drasm
2

The cemmercial farms are b=zuly in r .
implement., i.e. . Blannh wyhich ooy Piwugth in Wy s
after the maize end itubacce have 1 harvested, tio o the
dry stalks ints {he s8il Lefore the rainy zeasen come -
PXPparing ith: seed~-beds witheut auy cultivation, etns,

Since th+ farners hev: net get this inplement, they have 2
Very s.uert peried at their disposal when the rainy season
Starts, te prepare the 201, pleush ard seed, aftor the 7 teo
£ mentha iong dry Secagen, In raav places people a7-2 wunable
Yz de all itlhe werk they want, if ene =r tws tracters breaik
dew and ne spare nart is availalle, This naturaily means
less crops at the end «f the zeasen. In ercer to eliringate
the s imrexfect{ons; I srepoese the intreduzticn ~f the roller
pisugh (see dolails in Charter IV),
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The ecoansmieal and agretechnical acdvantsgeasg eof suringling
irrigafi&n, &5 compared to fleedineg irrigation are well known
L2 nany peepls, The intreductien of this nme*hed is hindered
ir mest of the develaping countries, inciudine Zzmhia, by
nunersus reasoens, such sg by the water lifting pumrs and
driving moiers being diifichlt and oXpensive te ebtlain and
reeding spe.ial attention, eperatiorn, miinteacnce, ete,

This diffiiulty can be sived by 1im intreduction of tha
"Hydreliit”, which needs no special atteition when in
eperution -~ ne maintenance, ne Tuel, eice (sece datalls in
Charter IV),

Althwuah I an mentioning it last, one af the nsst important
facle is that Zambia has Certainiy ne. yai bropaved, through
tle ‘technical bersonnel &at her dispose]l, fer rlenning,
censtiructing and setting up a new agrrecultural nacihinery
fsetory. On the osther hand, the Zambizn Government is shert
ol {ba hecessary capitol. The lack of technicel personnel
is of ceurse natural, ag for the tire being there is ne
egriculiural tachinery nioduction in dambia, so nobogdy hag
ever had an cpportunity to gain bPractice im this field,

In order to get over the initial difficultics, it would be
desirable fo:r the Government to apply for the sarvices of
UNIDD experts, technical e gineere ywith apryopviate vreactice
&nd industrial economists, Besides, it ig racosmendad to
thinli 6§ the possibility of Co=-operating with a large agric-
ultiral nachinery factory fron a wel}l developed industrial
country. The economical and technical 2advontages of such
co-operation will be set o1t in detail later,

i, Pronosals

Zanbia's need in aﬁricultural mectinery (sece Chapter III) ig
ivportant ensuch to motivate the setting up of a new agrice
ultural mackinery factory in Zambija,

2 . .
Its total area vould be 15,000 m” ena itg production areaq
10,500 "y The catimated investriont cout of the bhualding

(see calculation in Chapter V). [g:
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K1,065,000
machinery, equipment: K 362,000
Total K1,427,000

I propo=ze that the new factory should be built at Kabwe
tewnship, for many reasons (see Chapter V). The setting up
of this factory would supply the whole of Zambia with the
necessary hand tools and animal-drawn implements, sc that
their importation would not be necessary any more.

Another possibility is for Zambia te co-operate with an
experienced agricultural macbinery factory and partly to
produce, partly to assemble their producis, such as tractor-
drawn implements, irrigation equipment, water punips, etc.

By doing so a considerable part of the import cxpenses could
be cut., When the factory is working at full capacity,
Zambia may even export agricultural tools and machinery to
neighbouring countries,

The prices of the new factory's products will be rather
favourable. All the hand tools which will be made in the
forge-shop will be better in quality, have a longer useful
Jife and be cheaper in price than the importzd ones, with a
larger ghoice of type.

On average, the hand tools can be produced approximateiy 40%
cheaper than the inmported ones. As far as the animal-diravn
implements arc concerned, their preduction price will be:

24% less in the case of cultivators;
34% 0 L " ¥ rjdging ploughs;
39% w0 " W zigzag [arrows;

than that of the imported ones.

Regarding ploughs, it is rather difficult te compete with
political prices (Chinese plough is K15/piece; S. African
K17/piece), and it will be difficult to cut down the production
price of the ploughs. 4 good solution, however, presents
itself, and that is to subsidize the plough's price by profits
made bn other products.

Even if the prices of tre local products could not comnpete
with the actual import prices, the reason for the factory's
existence is still justified., One reason is that the factory
itself will create an important number of possibilities for
work, which is an important aspect in Zambia. Also, a new
technical staff will be trained in the factory. This personnel
might have a significant effect on the development of other
industrial branches in Zambia.

Production at Kabwe might start relatively very scon. The
Kabwe railway repair werkshop has a complete forge-shop
with equipment which is entirely unutilized., This workshop
could be taken over by the new factory as it is now,
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Originally, this worltshop was intended te re=zzir steam enaines,
but in the meantime, Zzmbia Railways has decided to buy only
diesel engines and thus the forje machines cannot ba vged any
more. The Zambis Railways Repair Workshop 13 rea’y te setl
these machines,

Whea preducing acricultural machinery tlhe forge-shep is most

impoitant. For the first yvear of operation it should de ¢
approximately 1,300,000 operatiors, such as 400 pieces of
harrowv-teeth, 100-100,000 hoes, Canterbtury hces, panga knives, é

scythes, etcs In the second year, when the whole worksiop is
ready, about 18,0270 animal-drawn implements should be produced.
At full capacity, the factory will e able to produce 22,800
pieces of animaledrawn implements,

Thesye calculations are approximate estimations, on the basis
of the data at my disposal, and the exisrrience gained during
my visits to the country, since no market rescarch op general
investigation has been done. I know tue essential hand-tools
and agricultural machinery needed for certain agrotechnical
operations, as well as the machine types necessary for the
different types of soil.

According to investigations, one plough i1 general would wear
avay in 8-9 years of usage. The breast~boarrd, wheel, axle of
the plough must be changed every 4 Yearz, while the ploughshare
should be changed every 3 years. Hand hLoes are worn away in
3-L yrars. As far as the number of pieces is concerned, I

have the following figurss at my cisposal:

Situation in 1965, in 1,000 acres (iatest figures available):

Province Tetal Cultivated by gﬁi%i- Uncul~ Total ¥3§T {es fﬁﬁ?f{cs
surface ox tractor hoe vated tivated pnpul- of 7 of 5 N
' area land altion menbers members ?
Southern 1 21074 300 77 350 727 6G0O 359{3¢C: 51304 71826
Central 2 28736 55 120 k0O 575 2500 2v0320 38617 54064
Easteri 3 1707€ 100 h 456 556 3500 448710 64101 86742
Northern 4 36529 L - 700 704 7000 537556 76793 107510
Luapula 5 12495 1 - 500 561 3000  35173C 562Ly 70346
Copperbkell 6 77h1 1 3 70 74 500 56860 8121 11372
N-Western 7 31092 1 - 356 351 500 199690 28527 39938
W.Barotse O 31231 29 - 500 529 9000 351690 50241 70336

185975 491 206 3320 4017 29000 2575050 367953 515136

% 100 0.3 0.1 1.6 2.2 15.9
Cuitivated ox tractor hoe
area in %
1 43,3 10.6  48.1 100%
2 9.6 20,9 69.6 "
3 X 180" 101 80.9 "
& 0.6 - 99,4 "
5 0.2 - 99.8 "
6 1.[1 4.1 94.6 "
7 0.3 ~ 99.7 "
8 505 - 94-5 " [

12,2 5.1 82,6 100%
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On the basis of the information gained in 1969 the population
of the country was 4.07 million (3.5 miliion in 1963) and
will reach 4.6 million by 19706. Accordiug to this 0 years!
data, the increase in population is 2,7%/year and ‘t will
reach 2.9% by the period 1970-76. About 75-80% of the
country's popglation is l¥ving in the rural areas, i.e. on
agriculture.

Tendency of the number of families working in agriculture:

Year 1964 1970 Estimated
for 1976
Those living on wages -
(from emergent and 35,100 34,600 372,000
cemmercial farms)
Subsistence farming 340,000 387,000 400,000

One family consists of 7 members on average, out of which
abou”. 3 persons (including women) can constantly work on the
fields, that is to say about 1.3 million people are working
in agriculture,

On the basis of ithe above data and my experience I work out
the approximate market demand. The capacity of the proposed
factory and the t{ypes and number of machines, as well &s
their parsmeters, are based o:. these estimations (see details
in Chapter VI),

In order to ensure a good supply of spare parts, the importers
should be compellied by order or restricted by inport permits
with special conditions, to buy, together wiith the machinery,
especially in the case o1 tractors, 20% of the value of the
machins in spare parts, arriving in the country togethesr with
the machines, No permission should be given to clear goods

at the Customs until sufficient spare parts have arrived wyith
the machinez., In this way, getting out of regulations could
be avoided.

In the proposed Kabwve Agricultural Machinery Factory at least
10% of the total production must be spare parts, first of all
for the factory's ovn products,

The Small=-Scala Industries Project of Rucom Industries can

take an active and effective part in the locgl production of
agricultural machinery. The proposed Kabwe A.M.F. would
promote the activity of the rural handicraftsmen by its

cheap spare parts, By way of reciprocity the two sectors would

‘not conmpete but co-operate with each othery e.g. the woodwork

section of the Small-Scale Industries?! werkshops cculd make
the yokes (about 14 kg/piece) which might reach 5,000 pieces/
Year, '

Those people workiing in rural worksbops are generally from
villages, oiten dealing with soil cultivation either before
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or at the zames time, so thev Vnew the circumsliances.

These pecople would be excellent for learning how to use tde
locally made or aszembled impiements and for teachiag cther
neople in the villaaes.

On the other hand the Ruccim workesheps might deal withk the
lenger or shorter training of people with wanual skill,
coaing irom small villages, and at the end of the training
coing back te become blacslumiths ¢f one or several small
villagese The villager:s would pay attentien to the activity
the blecksmithe. They would censult him and certainly

=
te,. of the hand~tools ard oxen-drevn implements are concerned.
Thi:z craflismaa clessz 6f sociecy plays an imrert:nt veole i the
nationnal ruiral develepnrent,

The genersl exccution of this idea might bLe realized by a

very primitive aud cheap smithls hearth mede at Magove
Regearch Statione. It is uaderof & 200 litre peirvl arum (see
description, ¢ruwing and photograph ssparately’. These simpls
smith®s hearthg . could be made by Rucem woerkshops fairly
quicklye. The provision of charcoal is nn problan at all since
pesple living in the bush are even producing it 7or mariietinge

I exparienced in Zambia that simple farmers in the ceuntry do
Lot like {5 buy new, unkrnovm things, saying that tltey do net
want to experiment and spend their rorey eon what they do net
knew, Only the #iall blacksuiths on ihe spot could exnlain
the use of someiliing new and bettery so that peorle would
aceept it were ewsily. The proposed agricultirel mechinery
factory could give a fow items ito the btlachsmith or lJoan
(e.g. ploughs, cultivators, newshaped scythes, ete,) which
would make gencral use of n~. things and propagation of new
idecas easier, even if it coucerias the chanye from hand
ailtivation tc animal-drawn cultivation. The tlacksmiths
werild ¢ive goed auvice as to how to use lLew machinery and how
te maintain and 1epair it, The publicity weri: of tie rural
blackeniihs would increase the wmarket <emand, also.

in iudependent Agricultural Machinery Directurate, with
teciinical, econemic and agricultural exverts, within the
Hiulstry of Tural Development, weuld be .abic to co-ordinete
“he irndustrial activities of the proposed AlMaFe and Rucom,
to publish the results achieved, to help the rural actisans
21d blacieniths end to draw up regularly an estimation of the
piecket denand at a later stags, encbling tie proposed A.M.F.
to bage its proauction on these estimates,

W0

Tris is imperative, for the less stable the econcuic future,
the Letter shonld the industry know vhat is to bLe expected,
vliat ere the prospects, how the raw material prices are

going to change in the world market, atc. Locking into the
feregecable future, it is up to the indus*try te prepare itgelf
in time,

ZJ
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The Agricultural Machinery Directorate, besides its market
research activity mentioned above, could alse give its ideas
to Nambeard, as far as the foreseceable narket demand is
concerned. The Directer sheuld also cdeal with the prevention
of impertation er lecal productien of certain types of
machines which are net required and cannot be used in the
country.

The Agricultural Machinery Directorate would standardize the
agricultural machinery used in the ceuntry, lay dovn the
technical parameters, the guality requirements of the machine-
and would impede the marketing ef inferior quality goods,
either imperied or produced locally.

The A.M.D. could decide on the cheice of different hand-teols
necessary and the factory would chang=a its preductien

according te the requirements. The A.M.D. would advigae
Nambeard sn the tools and mechinery reguired in ecertain provine
ces, aceording te local conditiens,

One of tle most important duties of the A.M.D. would be =
altheugh 113 name does net seem to cever this field - the
organization and creation of ex-traininc centres wvhich would
have ityg functions:

~ either teo sell to the farmers well trained, draught
aninals;

- or to train the farmers' own oxen, against payment.

The average weight ¢f the Zawhian ox is abeut 350 kg. Oxen

can work 6 hours a day without exhaustion if they work with

& tractive force equivalent to 1/7 of their weight, i.e. the
average tractive force of an ox is approximately 50 kg. The
traction of the proposed 38 kg plough, in mediunm 50ily needs
appreximately 70 to 80 kg tractive force, j,e. two oxen would
be necessary. The 115 kg plough requires about 170 kg tractive
force, j.e. four oxen. The price of 1 ox, more or less trainecd
is approx. K60 and can work for 5 to 7 Yearse.

The change from hand cultivation to animal-drawn cultivation

is a step between physical work and the use of trac.ors., This
step,nevertheless, should never be left oui for to try to get very
simple people to work with sophisticated iractors ineediately
«fter they had been using hand-tools, would mean a failure in
developing agriculﬁure.

When producing the seeders in Lig series, the small foundry
of the factory will be able to procuce the cellulsr wheel by
precisien casiing. lius the productior coszt of the machines
would be very favourable, sgince the other parts of the seeder
are simple plata-~work,

Should the plastic preduction of the Small-Scale Industries
Preject be realized, it is also possible to produce the celluler
wheef of plastic by injection weulding., The plastic would not
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rust and would :upply the seeds in a periect manner, owing
to its good sliding surface. Tha above spare port can just
as well be cast of alumiriiun ard then “rozched by milling
machine,

As far as the animal-drawn seecder of several lines is conceraed,

T did nct writa about it on purpcse, beca.se the introduction .
of this machine is not yet desired. I believe that if it

were used in Zambia, the 3zowing areca oi subhsisternce and

eniergent farmers would inecrease without reason. Although it P
would meman a large sowing area statistically, at the same

time the cultivation would be sparce with low vield and very

high preductien cost. This would only be a waste »f physical

®rergy and material,

The troditional type of secytha actually in use reguires a
rather bent position of the body and as a result is very
tiring. The use of scythes &nd sickles with different shapes
propos=~d in the new factory's product list would be much more
favocurable,

The lack of suitable special nmachinery is the resson wvhy
ground nuts cannet be produced in bigger quantities in Zambia,
.7 10 2nimal or tractor-draw ground nut lifter is available
on tiie market. The modifies cultivator would be suitabie for
this purpose and its experimentation #nd adaptation to local
conditions by Msgoye Research Station should be urged on, In
S Africa, U.S5.A. and Japan very good ¢round anut lifteirs are
aged and they would find a2 good market hére too,

At the zame time good quality ground nut shellers are also
requireds The ground nut shellers actually used brezk too
ofter from the seeds and pecple prefer shelling by hand,
slthough it 13 a very painstaking task with little yield.

It iz almost impossible to determine th2 size and cepacity

of tracilors in use in Zambia, for the Farmers buy many differ-
ent tvpes with various capacities, according to their fancy or
rather the market supply. Agricnltural work gencrally requires
three types of tractor: 1light, medium and heavy, T<Thes present
very cofusing eituation results in a very poor spare parts
supprly. Radical changes can only be exrected if the Governnent
ov the proposed AJlieDs, takes the necessary steps in order to
pre2vent the importation of so many different tractor types.

It will be up to the A.M.D. to determine the necessary types
which should certainly not be more than 5«06 types,

It is very difficult to determine the tractor categories

required by farmerr, unless one knows all the components

such as soil conditions, configurations of the terrain, the

optimal timing feae certain work in ths fields, etc., in order

to make it possible to do the diffesrent operations with the \
snallest cost but the greatest efficiency, etc. .

It is, however, certain that tractors with bigger and bigger
tractive capacity are going to be used, since it means mauny ’
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advantages for the farmers:

- incrhase in level of production;

- decrease of costs;

- increase of labour preductivity;

- decrease of specific requirements in machinery;
~ improvement in the quality of machine weork;

-~ optimal working time,

For this reasen I de not think it is right to intreduce a
new, 35 HP tractor to the coeuntry (it is being tested at
Magoye) because it would wmean a sstback in development,
Should these small tractors be intended to serve the small
farmers, it is still more economical to use big capacity
tractors than te buy small ones for & few acres.

On the basis of labeur predhctivity index I can say that
tractors atove 1.4 t (50-60 P, weight over 2,200 kg,
universal) are ideal for use in Zambia, with the following
working capacity in ha/hour:

Tractor category Tractor category
Operation under 1.% t above 1.4 t
ha/working hours ha/working hours

Ploughing max. 21 cm deep 0.24 0.57
Discing 0.86 2.74
Fertilizing 1. 85 2.09
Sewing 0.93 1.71

Looking at the future trend, (after 1676), the ploughing and
cultivating, etc. speed will increase until it is approximately
8 km/hour, which needs about 80-85 HP, i.e. the 50 HP tractors
used today or imported tomorrow will not be able to keep
abreast of development.

I find that in general no sephisticated machinery should be
taken into account. For the time being most problems are
caused by the rather complicated hydraulic lifting system,
which is also the most cifficult to repair. The electric
system, i,e, the starting of the engine, makes many troubles.
It is not possible to recharge the accumulator, the tractors
being used in places without electricity. I would recommend
the use of tractors which are started by a 2-3 HP petrol
engine, built together with the tractor engine (e.g. the
Russion Bjelorusz MIZ tractor). Most farmers are forced te
use anthills for starting tractors (see photo.).

Tractors unused hecause of lack of . hare parts slowly wear
out, though they represent a large oniount of money:
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Make Tvnae HP Price in K
Massey Ferguson 135 45 2,900 .
y 165 60 34575
n " 178 72 4,100 |
" " 1080 90 5,950 '
John Deara 1020 L6 2,850
L N 2020 €3 3,450
n n 2720 71 4,0L0 +
" i 3120 35 5,670
" v 4020 106 €,700
Leyland 15% 25 1,960 :
" 3h% 55 2,950
" 284 70 3,400 '
Universal 650 73 2,860
" 651 73 3,150
Zetor v 3511 30-40 1,530
u 4511  /0-50 2,250
" 5511  55-60 2,790
Many of the fnilures could be prevented if the tracter drivers g
knew something about the engine and couild accept and understand ‘
the necessitiy of everyday service., Tractersz gre oiten used
until they break down, because they de not know anything about
regular maintenance,
It will be an indispensable duty eof the propusad A.l.D. to
establish several tractor driver training scheals in the
different parts of the countrye.
The creation of the Mageys Agricultural Research Station was
» bright idea pyt gywing to its rather limited number of tech-
nical staff - they are unable to de all the necessary experi- >
mentatien required in very part ef the country, thus they %
cartainly will not be able te give all the necessary data to
the proposec A.M.F.
If the Zambian Government intended to expend this ressarch
and experimental activity, it would be dJdesirable to set up a
new Research Stetion near the proposed facéoryy, possibly et
Kabwe, This would be very fortunate far the factory itself
and alse for the Rescarch Station, the soil, etc. being
different from that at Magoye.
In order to improve the effectiveness of Mageye Agricultural
Research Station, it will be necessary to purchase some more
neasvring and testing instruments, though the invested mcney
would not he refunded to the Research Station but in the
agricultural sector. Mageye Resesrch Station werkshop, with
ncw machinery, is suitable for the preduction of some prototype
machines, except some spare parts,
UNILO and FAC respectively will certainly give &ny assistance 7
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needed for a possible new Research Station. ' '

In my opinion, the Namboard storeman should be made interested ;
in the quantity sold, by giving him some percentage according
to business tur.over. This stimulation would certainly inc-
rease the prop:jation activity of the storeuan.

I have already mentioned the improvement of transport facilities
as far as nevw roads and a railway line are concerned. Further-
more, it is necessary to urge on the propagatisn of animal-

and trackor-drawn scotch carts, because they are essential in
agriculture (e.g. for the transport of fertilizers, yield, etc.)
especially on long distances, i.e., above 500 metres, on dirt
roads er rough, bumpy roads, The use of a vheelbarrow regquires
enormous physical eneragy on bumpy reads with big reolling
resistance, If we must accept a compronmise ~ if no animal-
drawn scotch carts can be used - the mleverest sclution is the
Chinese wheelbarrow, transporting.the goods on a one metes
diameter wheel, in a screecned basket., The diameter impedes the
leose, wet s0il piling up and results in excessive i+ ecu ...’ .
resistance being aveided.

The Hungarian patented "Roller Ploush" is excellent for
preparing the seed beds simultaneously with ploughing, in the
dry season. The roller plough has been in existence for more
than five years and is being used in 31 countries, with excellent

 results. It must be mentioned that this plourh is not only ideal

for Zambia but also for a large number of development countries.

The "Hydrelift" .is also very useful for lifting irrigation or
any other kind of water. It can be used unsttended end without
fuel, etc. No special qualification is necded for its
erection. )

As is already clear from the previous paragraphs, -the mechan-
ization of Zambian agriculture is a many-sided, difficult job,
It will require technical people, econcmists and capital for
investment. One cannet only do what makes a profit and is
relatively eas%, to compremise., In this case, the results in
the long run would be sad and negative, resulting in a failure.
Technical experience has many times preved that the aims,and
the main technical methods and plans neceesary for their
implementation, cannot be separated frem each other,

One must take the opportunity to accept Government resources
and possibilities of co-operation which may ocecur., Now, there
is a possibility, which should be exploited, to co-operate
with an overseas partner, probably frem West Germany, which
produces agricultural machinery. In this way, not only
technical staff - UNIDO experts - would be at disposal but
alse foreign capital, necessary for imvestment,
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The factories from awong which the future co-operaiing
partaer couid be selected are:

10

4

Bayerische Pilugfabrik, 821, Lardsbterg am Lech
Kirlrennstr. 25, PFederal Repuhblic of Cermany
s ¥

Hassia~Rauw Vertriebs G.m.b.H., 7315 Weilheim/?ec:

H
Pederal Republic of Cermary

Goldsaat G.m.b.H., Bergisch-Born, Federal Pepublic of Germany
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III, Summing up of the situation and economic analysis on:
the field of agriculture and supply in agricultural

machinery

Before analysing the actual zituaticn of ajriculture and the
technical and industrial side of it, it will be worthwhile
raising some reflections of economics. They would be able to
back up the suggestion that a central ag-icultural machinery
factory should be established ai Kabwe, even if on & small
scale, ;

On the basis of the demographical investigations (from June
1963 to August 1969), taking into consideration a six year
average, the increase in pspulstion was 2.7% in Zambia and
will reach 2.9% by 1970-76, This very quick inc‘-ease in
population and the necessity of supplying the population with
foo on the same level -~ though it cannot be an aim, but a
minimum duty of the Zambian Government ~ show that it will

be essential to keep abreast of this development and ensure
an . ease of at least (% in the agricultural produce a
general increase of 5.4% is envisaged between 1970=76). 1In
fact, it is already planned tc incrsase the maize production
of 2,53 million bt.gs (1 bag = 90 kg) (in 1969 the requiremet
of the country was 3,01 million bags) to 5.5 million bags by
1976, This objective will be surpassed this year already, by
the means of maize seed and fertilizer:; _ubsidies and very
attractive maize prices, and the help of favourable rainfall.
Aecording to estimates, this year?s yield will be between 6
and 7 million bage, out of which about 4 million bags are
already in depots.

In my epinion the maize production of the country could easily
be increased by 3-4 million more bags, making use ¢f complex
mechanization and wita the subsequent subsidies of the
Government, since esoil and climatic conditiona are good.

The increase in agricultural produce in Zambia between 1964

and 1972, oneaverage, wvas 12,8%, with exceptionally good yicld.

On a world scale this number is 3.3%, which means that the
Zanbian results vere very good, but as compared to 1962~63
the inerease was only 6,1%,

It is a fact that all the teols, machines, equipment, necessary

for agricultural development are imported for the mowent, Az
the same time there is no technical (specialist) and financial
base (factory equipment), thus, vwhen realizing the idea of a
new agrieultural nachinery factery, it will certainly be
necespary to ask for the technical assistanct of UNIDO and to

co~operate with an experienced overscas foctory (advantages
see later in this chapter).

As far as other fields of doveloyment are concerned, we can
find an incroase of 34.2% between 1964 and 1970 in mining,
food industry (beer production, tinned food) etc. On this
basis it is easy te find that this outstanding figure is very

e m—— 15 b et — W e e
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proemising for the establishment of the loecal agricultural

pachinery industry. The farm machinery induztry could make

it nossible for at least about two thirds of the country!s

pepulation to have the benefit of those acventages ofrfercd by
mechanization, while the benefits of other industries do net

affect more than about 1 millien people out of the 4,5

rillions, a pictuve which is mere gloemy than the grevious A3
statisticel data.

Accerding te the statistical data in 19792 the natienal inceme
per capita was 293 Kwacha/year, btut it was mainly these living
in towns {(abeut 1,6 millien inhabitan+s) who had a share of
this incoms. About two-thirds cf the inhabitants live in
villages.

The average earnings/year ef the agricultural werkers was

K248 in 1967 and K348 in 1970,

No. of bread-winners:

(projected for)

26!

264 .1970 1976
Paid empleyees

{commercial and emergent farmers) 35,100 34,500 38,200
Self~supporting 340,000 387,000 400,000

On average, ene family i3 cempesed of 7 perconr (wife and
children), which means that abcut 3 millien people are

deriving a living frem agricullure = 66,7% of the population.
One more item ‘o complete the previeus data: the average yearly
earnings of those living from wage and saiasry (officials,
pine~workers, ninisters, domesties, etc.) was K666 in 1967

and K928 in 1677,

Reverting te the economic analysis and approaching the
significance of the agricultural and farm machinery industry
in the country's material production from mnsther aspect, we
find that its importance is determined by ita functien in the
economic life;from the point of view of:

(a) its centribution to the country's materiel production;

(b) itz participation in meeting the requirements of the
public finaneces;

(¢) the number of inhabitants employed and supperted by the
production branch of agriculture;
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o., The trent of the national income:

Secters 1969 1970 N | 1

1. Mining . 37%. L6%
2, Cemmunications o 18.1% "15.7% ' - !
3. Agriculture 11.8% 11.1%
4+ Industry | " 10,4% 845%
5. Coiamerce . 10% : : 8-9%
6. venstruction ' 6.7% - 5.4%
7. Transport 3.9%. 3.3%
8, Electricity and water 1.3% 1.1%
100% 100% !

According te theseg:ata there is & regression in agriculture,
and a strong development in the mining industry. It is werth
mentioning that the income ef the mining industry depends, to
& certain extent, en the fluctuation of the world market
price and a low price level voulc threaten the budget conside
erably. This is why it would be beiter to get up another
branch ef the preduction industry in erde.- to ensure catise-
facterily the material inceme; and this productien sector is
agriculture,

Many pelitical eeenomists doubt that the mechanization and

technical develepment of agricultural production would have ‘
the effect ef increasing the yield; they maintain that these
factors only have the effect ¢f replacing manpower, or they
help in reducing ths work dene in unhealthy conditions and

- in improving werking eenditions in general. There iz no

doubt that mechanization does net create basic procuction
eapacities in agriculture (except for the distribution of
fertilizers and plant protection); it can only increase the
utilization of those already existing., By this means certain
working precesses have an indirect effict of increase on the
vield (ploughing in time, seeding in eptimal agrotechnical
eonditiens, etc.)s Pronsunced attention: must be paid to these
faciergs in Zambian circumstances vhere there is a very short
period at disposal for the preparation ef soil, at the beginning
of the rainy season.

It must alse be neted that the inerease in average yield
depends greatly en tho climatic and bislogical &s well as
technolegical conditions. The beginning of the ploughing
season depends on elimatic conditions, i.e. the beginning of
the rainy season, which is actually the cnd of October.
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A further agrotechnical requirsment is the prenaration ef
‘ropeth seed beds. ror this reasen, seveval (2~3) discings
z:« necegsary afler plousling.

ine period when tha maize can be harvested depends on biol-
saiecal factors. From the beginnirg of Juune oawards tha

cage of maize are ready fol harvesting but ihe hacvecting
vill not start bofory the end of June/beginning ef July,
tresuse of the high noisture content (abovi 20%); it cannot
e actepted with a meisturs content exceeding 12.5%. Gommers
rial farmers usuelly do not posscos drying machines. It is

r fect that, to a certain extent, drying zsachines cepreciate
the aguality of the maize, but thiz loss is =till much lens
then ihe darkage caused by rodents *o the maize standing in
the fields for as long as 1.5 months. Owing te thess factors
and te the actual eguipment of the farmers, the increase of
the gverage yield is rather limited amd the farmers achnowledge
this compronice, .

Yhen uning the reller ploughk (see Cetails in Chapter V), the
seed beds can be prepared in one wurking phase during ithe dry
recsen and the sezdr can be sewn just hefors the rain sinrtu,
e theat the cerminaticn of the ueads can start wuch earliert
thus the g¢rains wili be bigger and strengev, considering tbat
the piznts get mers precipitatien during tae iatsar periasds ¢f
their development,

The more rodern technelogy ~ including the chemical processing
03 the crop - cannet be inireduced te & larger cxitent than
ihat already in use, without the complex mechanization of
esgricultural production. Preparation of the soil and sowing
shonld be Jdene in ene working nhese and ths transport chain
fer ‘he Larvested maize shoulid be worked out wherc drying
nechines would alse be usede In my opinion, cempletie zectoral
mechznizotion, besides the work of the hani, animal and trad-
itiennl implements being replaced has the effect of increcsing
the yicld and very often of decrszasing productien costs. :

%he decrease of production costs vwill net, ef course, bs
bound together with the mechanizaticen under » certain level,
jecs #t least 2.7 to 2.9 t/ha should be produced (the averang:
wze 1.1t/he. in 1971), so that the inceome level obtained by
the treditional technelegy should noet be debased Ly the
couplete gectorul mechanizatiern of the nemmerciel larners.
One shouid naturally imply that the State purchuse price of
the meize will net change (which iz actually K3.5 = Usgdh,9/
beg (=90kg) in the country snd Ki.3 = USZE/bag in the towns)
and thsi the Zanbien Government will go en subsidizing fertile
izers snd sewing seeds fer several years.

Cn the bapis of the requirements of public finances, e&gricul-
ture, emong others, would mean an important raw material hase
jor the crcation and development of the local fasd ndurliye.

'
|
1
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Owing te insufficient supply ef agricultural raw materialg
the Secend Natienal Development Plan {frem 1972 te 1976) only
mentions the local precessing of meat and dairy preducts anad
the manufacture of biscuits, The ether preducts, such as
eesking eil, fruit, vegetables, starch preduction, leather

and skin indus’ry, etc. are not even mentioned.

It is superflueus te give details on the fact, which is well
knewn, that in the ease of mass preduction it is much mere
profitable te feed animals (peultry, pigs, granger's cattle,
ete.) with the fodder and sell them than to sell fodder
directly,

As far as agricultural machinery is concerned frem the peint
of view of these making & living frem agriculture, it is
imperative te preduce cheap and geod quality hand tools and
animal-drawn implements, This means that the proposed A.M.F.
should work with relstivciy low prefit, thus centributing
considerably to the development of the ceuntry. The develop=-
ment rate of net enly Zgmbia but all ether countries dependa
greatly on the development rate of agriculture, on the
cheaper agricultural products and on the bLetter financial
positien of farmers, which increases their purchasing powers.
This weans that - even if many people de net see it and do net
agree te it - the industrial development depends, to a
certain extent, en agriculture.being up te date. The twe
sectors are interrelateds It is therefoere in the interest of
industry to promete agricultural development, resulting in
balanced econemic cenditions in the ceuntry.

Finally, I beg to remark that there are people in every
country who are for and whe are against agricultural develeps
ment, the latter being sonetimes misled by cheaper solutions
(e.ge favourable import prices) although in future there énas
alwvays heuvy penalties te be paid for net having develepmd
agriculture. .

Mdchinary requirements

When decidéng on the follewing figures, I toskg into consider-
atien the findings ef the "LENCO Study", the data (1965) of
Mr Savage (Department of Ecoenomics and Marketing), as wvell as
different pieces of information received from entirely

. different sources, and my personal experience gained on my

vigits te several parts ef the country, learning from farmers
the length ef wearing out of differsent machinerg, etc., Last
but not least I took into censideration the size of economic
series, Under the key words "spare parts" and "cemmipsion
work!" I teok inte acceunt the requirement in spare parts for
the agricultural machinery already in use in Zawubia, vhich iy,
for the time being, ‘one of the most important needs.




Waight No. of items to he prouucs’ |

Neo, Denomination per . i Totel
piece =~ H{J7IF 1975 1976 1977 1978 ‘
in k9 -

1 1,00 1C0.000 5008000 500,000 G004 D00 500,000 2. 5052000
24 <450 20,032 25 o 00O 25.0G0 25.000 20420 100000
3. Shovels 1420 5.000 B.0C 17,07 16.00C 7 W00 50000
L, lTangs knives 0,85 1008, 0G0 300,000 500 000 €00..000 PR | 5 e 2000 000
Se i~ine hoous 0,15 300,000 CO0,.000 LOG 020 400,000 SGU DG 2,000,000
6, Harrew teeth C.35 LG1,CLO 40U. 000 LC0,0GO 300,000 200,000 1,700,000
Te Sigkles O, k2 15C.0D0 300,000 250,000 200,000 100,00G 1.700.000
8« Seaythe blades 0,75 1C3,000 250,000 2G0,000 150,000 50,000 750,000
O Canterbury hoes 1,52 10C. 080 200,000 150,000 100,000 120000 650,000

10. Conmbination hoes 0,66 1506000 350,000 250,000 200,000 200,000 1.050,C00

11. Cor chaints hooks C,Lk2 85,000 - 500,000 300,000 300,000 16155 C00

12, Comniszien werk d 2,0 300,000  200,000¢* 300,000

153« Ploughchare for all the - 20,000 504000 1504000 LGD,000 €20,000

rloughs as spare parts
{1.800.000) (forge operations)

14, Animal-drawn plough’ 35 - 2,000 3.000 75.000 54L00 15,500

150 " n - R S 36 - 1.500 2,500 54300 2,000 11,300

15. " n " 507 - 1000 2.000 T ha 440 1. 800 9,240

17« Reversible pleugh 115, - 500 800 3,000 2500 606500

18, Ridging plough 35 - 2,000 = 2,500 5000 3,000 120500

19. Heavy zigzag harrovw 25 - - 14500 24500 6+ 5C0 3e¢5CC 14,000

20, Cultivator S 51 38 - 14500 3,000 7+ 000 3,000 144500

21. ~ PReller plough GEF 335 ;tat Loo 450 500 550 60 24550

22a n i " 435 ) 30 40 5C 80 100 309

236 u " " 535 ) 20 20 30 50 50 150

2k, " ¥ " 235 ) - 10 ' 19 15 15 50

25« Qe ridger Yo 50 150 200 500 300 1,000

26, . Eydrolift {fer irrigaticn) ) 50 100 250 500 300 1,200

27« Tractor drawn anc driven ) Lo S0 400 140 160 52

hose reel with winch, 13 ha)

28, <Complete sectoral seochane ) 30 50 50 120 150 400

- ization for maize )
29, - Agricultural scotch cart ) 30 150 150 200 300 880
® arsduction starts with forge shop
*® frec capacity fer comniscion work
s¢¢ jn the caze of intcrnational co-operation mounting and part~producticn

o e s
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IV/A, Promesals fer the development of agricultural tools
: and machinery actually in ugse in Zambia

* I sheuld be glad te be able te assist, to a certain extent,

through the ideas included in this chapter, the activity of

Magoye Agricultural Research Statien, and te make the preducts
* ef the propesed Zambian Agticultural Maghinery Factery eof
impreved quality and technical execution. I am sure that the
technical analyses enumerated in the fsllswing are more or
less known to the technical peeple dealing with agricultural
machinery and inplements, but seme new jideas may still help
te improeve the future productis.

There are seme aspects, technical reasens and experimental
data,the adoptien eof which would make the use of the gricultural
machinery easier and weuld alco elininate their requirements

in physical energy and thus an inmpertant quantity ef bioenergy
could be saved.

= The use of manual labour and animal-drawn implements plays
an impertant rele in Zambia, since the amount ef mechgnize
atien is very low in the country = except for the bhig
indusgtr’al farmers.

- Mest of the agricultural- implements are used in esnnectien
with the seil:

- some of them work the land directly (hand toels, ploughs,
discs, harrews), whige

e others put seeds into the seil (planting machines), or

~ just move on the surface ef the soil (relieving vheels of
the pleugh, means ef transpest, barrows, plant protecting
machines, etc.).

Consequently the seil is & material which plays an important
part in the agricultural rachinery industry becauge of the

hard cenditions prevalent in Zambia (dry, hard and gritty soil);
when designing agricultural machinery the physical and mechane
ical preperties of the s0il must be taken inte acceunt,

The ether aspedt ~ which cannot be treated at length - is the
traditien and agrotechnies the peeple are used to, especially

in the cege of hand teols, eig. the hand hoe with 2 comparatively
very short handle, The use ef this kind of hoe is necessary
vhen weeding, se that they can use their other hand fer

shuking out the £oil frem the reots of the weed, vhich is
necessary. The agretechnical requirements must be taken inte
econgideratien when preducing agricultural hand teels and
implements.
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Vrnen designing new types of agricultural machinery er

acapting thyas already in use in ether ceuntries, to the .
serniremsnts of the couniry, net enly the ccsnemic butl in the

J.rot plaee, the bpielegicel factors must ke taken inte account,

14 post “e emphasized thet the mechinery which is not carrectly .
cernstructed, and iz preduced with a wreng techneslogy, would
fri~nt of all affect those peeple using thes, Thig dees not
megm te e a great loss since it enly requires greater invest-
ment o! -uysical energy and resulis in a peerer guality eof

awii oo itivatien, etec, These causes can be toels witir edyes
co3ily ~mrn, scil cultivating implements with cutiing edges

et af roog angles, etcs., which result in a grcater resis-
trnce o the machiincz, thas requiring more and unaecessary
physical energy fres tlie farmer snd frem the animal as walle
¥ost ef the a0il cultivating werk is somelcw or sther in
canuzetion with cutting the =eoil, -but very o¢ften clean

cutting is disturbed by some pert ef defermatioen; cven if the
inplencnt belengs te the simplest sort of goil cultivating

r:ad teeis, such as spades, hees, pick-axcs, etc. These tools
Leing simple but used in a different way, depending on the
phraical ecendition of the persen whs is using then {in the case
of rigiteexe, hoe, etcC.) and on the angle ithey enter the seil,
there nust Le & certein compremise as fam a3 their technical !
srecificatieon (weight, length, width, angle of sharpening,

shtape. cte.) is cuncerned.

43 fur a® the decision en shapr and size is cencerned,

Zwapisn tradition plays an impertant rels, Fost of the hand

+ecls hare an accepted and preferred chape and gize (eege hoe:

w2rght spnroxinately 1.14 kg; chape: loungieh, curved, with

o handle enceuraging a bent working positien), The medifice

sider -7 these tools is 3 very delicate preblem, Nevertheless,

one fgelrremains unaltered, and that is the marketability of ;
the hand teools, whieh will certainly net chenge fer a leng

time {between 1973-77 the market will absorb sbsut 2.3 millien
band hees, 2.2 nillien panga knives, 7 million maize hwoks,
0,93 miilicn band~eperated weeders, ete). Consequently it is
imwsrtent to predvce hand tools which can easily penstrate into
‘e moil pud which can be used feor at lmast 3-% vears,.

v/ ' At

in arder tn weet those requircments, ie, shearing tecle and
curacle and wearwresisting material,; these tmels must be nade
by foraceing and not by preasing. Forged material has a much
bhkter mliding surfece than pressed, It is casier to understand
the advantapes of this if we examine, e.g. the nperation of
prevaring the seed Leds with a hand hee: tliz hoe wonld cut a
cliee of 501l of a certain thickness. This slice wauld be
lified and transferred to another place, in a certain digtance,
by the help of physical energy and the hee. The slice is cut
by the edgc of the hee while its tranofer is wade by liffing

en ardsliding down the gurface ef tho hee,
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ééé?é&ﬁently, the weight, shape and surface of the hee are
impertant fer the farmer. It will be imperative te reduce te
appreximately 0.80 kg the weight ef the hees actrally in use.
On the ether hand, it is no use geing under this weight because
it wesuld result in the reduction ef the kinetic =nergy te a
level which weuld net be sufficient fer cultivaticn of the

hard Zampian seil (it has an appreximate resistanee of

70 kg/am“), :

By ferging it is pessible tc cospact the raw material steel
plate, which means that thinner but strenger, mere wear=
registing hees can be made., On the surface of a forged teol
the seil ecan slip better, as the steel strueture i= more even,
net like the enexz seld at present, When forgeing in die, the
surface reughness value can be reduced dewn te 3.2 micren while
the same value is en the average 5.5 mieron when pressing,

The pressed surfaces are reugh with =cales, scratches, etc.,

on which the particles of scil adhere, making werk much more
difficult., Anether advantage of the thin, ferged hee is,

that no cempact zene is fermed by the edge, se that the hoe

can enter the seil mere easily,

I put dewn all these details because I vant te emphasize the
impertance of making any soil-cutting teels er parts ef
implements by forgeing. .

Small agricultural machinery te be used in Zambie (in order eof

priority):
IV/A/2. Hand secders

These are used for any kind of crep which is sewn by the
farmer in rews, on land net larqger than 1 acre, such as seya
bean (abeut 30te 40 seeds/metre y haricet bean (abeut 15 to

20 seeds/metre), finger millet (about 150 te 200 seeds/metre)
and cotien. Sewing gy machine must eccupy the place of hand
sowing because it resvlts in easier and more effective geeding,
resulting in 30 te 50% mere crep and 20 to 30% less sced.

One of the reasens fer the lew yield en subgistence and
ezergent farmers?! land is the lew plant repulatien which
predeminates, especially en peor geil, i.e. in many places in
Zanbia, If the seil is peer in nutritive naterial, the plants
will net Hevelep satisfacterily even over large dictances,
i.e. by hand sewing, Even if the Plants de net develop
satisfacterily But they are in rather dense rews, having been
sewn by machine, the yield will still be tolerable,

The szeder required by modern agrefie .. nics must meet the
fellowing requirements:

- optimal distance of rows and plants;
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- equal depth of sowing;

the same number of seeds per hole;

equal, continuous spreading of undamaged seeds;
- covering of seeds; ) .
variation possibility for different seeds;

should be easy to handle;

- should require the minimum physical energy. .

! t 1

. The type required is: seeding in one line witk two wheels,
-good marking of the connecting rows. The portioning of seecds
must be regulcted by a simple sliding bolt, depending on the
size. This is a simple and cheap solution, needing no more
-precision than some other, ‘less sophisticated methods.

Cellular wheels can also be used, but are more expensive and

. require more precision, They can'be made of &luminiom or plastic
matevial, with holes of different size in them, according to

the size of seeds and depending on the number of seeds to be

sowr in one metre, The superfluous seeds are kept back by

- brushes or a piece of rubber, without damaging them. By this
method the seeder sows only the required number of seeds.

The seeder must have two containers, or one divided in two.

The first one contains the seeds and the second the fertilizer,
The fertilizer is also measured out (to save fertilizer) by
hoe coulter, afier the seed is sown.

A disc furrower must be used on the seeder, with slightly
convex-shaped cross-section, In this way one can solve the
problem -~ which I have often seen myself, in the case of hand
seeders - of the furrower picking up roots, pieces of maize
stalk, etc. and pushing all this in frontsy the rows remain
open and the seeds remain on the surface of the soil.

In the case of the disc furrewer, it rolls over obstacles but
enters deep into the so.. vhieh increases the seeders! resis-
tance and the physical energy required, For this reason I
propouse the use of disc furrowers, slightly convex, vhich will
not enter into the goil and roll ever obstacles.

After the furrower splitter there is a wide concave small iron
- roller composed of two parts, which presses down the furrews
to cover the seeds, This covering instrument is very well
designed on the "Planet!" seeder.

Seeders can probably also be ugsed when iowing sorghum, which
is sown on flat land, not ridges.

Since the seeder will be used by subsistence farmers, no

bigger or more sophisticated mountings are justified, and the
seeder must be as cheap as possible, It must be mentioned that
there are vast numbers of seedors all over the world but it is
extremely difficult to find oene whiech is suitable from all
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aspects. This is why ene should not try to solve the preblem
%y importing the cheapest one, which is not suitable for
Zaabian conditiens. '

IV/A/3. Hand cultivater (wheelhoe):

This hand tool belongs to the one line seeder and completes

its role. Its work is quick and effective vhich is satisfactery
on leose seil. Even women and children can handle it without
any difficulty. It is cheap to produce and availakble fer

almost everybody. -

The hand cultivater is used fer the cultivatien of planis
between the rows. 7This is one of the most frequently used
hand toels. It loosens ihe so0il down to the depth of sowing,
thus making the soil airy and the developuent eof mic-o-
erganisms more favourable. For the hand cultivator can only
be used for weed net higher than 5-10 cm; it must be applied
rather often, 2t least 3-4 times during one season, depending
on the plant and soil cenditions.

It cannet bhe emphasized enoingh how iwpertant it is to econw-
omise on physical energye. This is why technical people try-
to ensure the mest favourable cenditions when designing hand
tools and animal-drawn implements, Such & sclution would be
te ensure wear-registing edges for the subsurface cultivator,
by providing it with hard alloy insert. By thiz solutioen the
subsurface cultivater becemer self-edging, being made of twe
layers (wear-resisting and softer). The basic material is
worn relatively quickly but the 0.3 «0,5 mm thick insért

" ensures sharp cutting and needs ne special attention for

sharpening. Consequently, work ¥ith the teol does not get
difficult during usage. In many caces the farumers do not know
the advantages of sharp tools or they do.inet have the eppor-
tunity te sharpen them,

Reverting to the wheelhoe, this is the right teel to make
subsistence farmers get used to regular, centinuous work eon
the fields during the season, because it is very important as
far as resulis are cencerned., Very often subsistence farmers
do not do anytkamg en the land until it is covered with weed,
Then they either try to weed what they can er do not do anyw
thing at all, heping fer the best,

1v/A/ke Harvesting tools.

There are twe crops which cause the biggest harveating
problems in Zambia:

a. finger nmillet which is almost the enly aznd most pepular
plant in the Northern, Nerthwestarn and luapula Provineces
of the coeuntry;
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be seya beans which are geing te be intrcduced on a lerger
scale in subsistence and emergent farming.

Almest the enly reasen fer the small area where finger millet
is cultivated is the harvesting difficulty. The blade ef
finger millet being half ripe when the seeds are ripe and
must be harvested, it is extremely difficult te cut or break
ite Harvesting is actually cdene by knife, taking the millet
beads one by one and cellecting them in baskets, With this
methed, cne acre of finger miilet ean enly be harvested by a
family in about 25«30 days.

Since finger millet is the only plant whieh is aure te grow
even en very peer soil (the majerity of Zambian cultivated
land has poer seil), finger millet is eertain te remain an
inpertant factor in the nutritien eof masses ef people,

The snly sclutien feor increaseng millet cultivation is if the
Mageye Agricultural Research Station experiments succcssfully
ia designing some effective and very goed cutting tesl.

My propesazl is te make a scisser mechanization which cen cut
the finger millet by one ef the shanks and the other is fixed
as a hendle, A spring weuld always keep the scissor:s
mechanism open and it weuld only elese when the handle was
pulled. The epen pair of scissers would be pulled or the
blade of the finger millet up te the head of millet. When
pulling it a bit mere, the pair of scissors would clesec and
cut the head which would fall int:s the basket itept in the
farmer?'s ether hand. This hand toel weuld decresase the time
of harvesting by at least half,

The straw of the s>ya bean is hard, its reets ane tough and
the husks are prickly. These characteristics ef the goya bean
show that ne publicity, me high prices, etc. can get the
farmers to produce it vhile seya beans must be harvected by
hand frem 1-2 acres,

I may mention that there are tracter-drawn implements used
fer harverting soya beans. They are similar to the hemp cute
ting device which has straight eutting blades and cutting
pairs of large breadth, This implement cuts cdown the plants
at grsund level and the reets with the reet nedules reuain in
the s0il, providing it with seme nitregen.

1V/A/5. Threshing

On ef the most difficult preblems is the shelling of greund
nutn, Several experimental machines have been made for this
purpose. The cheapest and mest suitable selution is a rubber
disc eperating as a mill., The problem becomes mere complice
ated when the shells must be separated frem the nuts, This
cannet be dene with simple winnewing.

R aaed
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In erder te keep preductien cests low and net te use a
-~ complieated implement, the preblem can be golved with a doublee
phase working precess: the first one would brek the shells
inte small pkdéces (with tha possible smallest damage to the ]
nuts); and the secend one would separate ithem from eaech
ether, For the last precess the use of beet gecd cleaning
screen seems te be the most cenvenient,

Ii/@/ﬁ. Seed dressers

This machine i3 the mest urgent need of every farmer, being
indispensible in the case of almost erery plant, especially
when moil is miged with the seeds and they cannet be separated
by winnowing, Goeod machines have been consiructed (in the
UeSeAey Japan, South Africa) fer trepical countries, te clean
greund nuts etc., 50 I de net want to give details en this
subject,

IV/B. Animal~drawn agricultural machinery

In the hepe of the Ministry ef Rural Develepment taking meas-
ures to provide more and more trained exen fer the farmers, I
sutline herewith the technical parameters of the animale-
drawn implements which are suggested fer productien in the
preposed Agricultural Machinery Factery:

1 2 3 4
~ plough pleugh plough twve furrow
Type and weight: 35 kg 36 kg 50 kg halfeturn
pleugh
Werking width in mm: 230 250 300 240
Werking depth in mm: 150 150 240 210

Size ef beam (second
hand rails):in mm:

Weight ef knife
furrew splitter in 3 3 1Y 2 x 4.5
kg (with camp): ' ' : :

50 x 17 50 x 17 50 x 25 | 50 x 25

Relieving wheel in :-ia20 220 220 ~ ca 500

5« Ridging pleugh: 35 kg; distance of ridges: 250~500 mm;
weight ef breast~beard (with lifter) =a 13 kg; size eof
‘beam: 50 x 17 nmm.

f6; Cultivater: 38 kg; werking widths 4OO-500 mm; number
" of hees: 5 pieces in 3 rews; distance frem each ether
lengthwise: 240-500 mm,

7« Zigzag harrow: 25 kg; with 4 lathes for the teeth;
20 pieces of interchangeable harrew teeth (weight .35 kg).
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1v/B/1, Two-furrow half-turn pleugh

In order to see why I propese the introduction and local 1
production of the two-furrow half-turn plough in Zambia, for .
the use of subsistence farmers, it will be useful to consider
the followinge.

Accerding to the working method, the ploughing can be:

&. conventional furrow ploughing;
b. plain ploughing.

Those ploughs which de conventional ploughing are equipped
only with plough body turning to the right. This is why there
are ridges and blind furroews after conventional ploughing.
Rain water gathers in the blind furrows and the soil of the
ridges contains less water; consequently the green crops will
be uneven and so the development of the plants will be
different and spotted along these lines. In order to aveid
these defects, after ploughing, one should do transverse
harrewing te smooth away the ridges and blind furrows,

This working phase can be omitted if the ploughing is done by - i
two-furrow half-turn pleugh (plain pleughing). This plough

has plough bodies turning to the right and te the left, which
can be turned over the longitudinal shaft, parallel to the
direction of movement. These plough bodies work alternately
according to the direction, back and ferth, thus the clods

would lie side by side and no ridge or blind furrow will occur.
Furthermore,; the use of the two~furrow half-turn plough

results in considerable time~saving - especially in the case

of animal~drawn implements - the idle running being much

shorter as the time of turning round is shortened to the minimun,
By this method the ground ploughed during the same period of
time will also be increased.

Considering that the arable land of the Zambian subsistence
farmer is generally rather irregular (because of physical
features and mainly because of the anthills), there is plenty
of detemwring to be done whenm: ploughing. This is one reason
for using the two-furrow half-turn plough.

As far as the dipadvantages are concerned, this plough is
1.5 to 2 times heavier than the traditional plough, owing to
the double plough body and skim coulter. Consequently the
production costs are also higher, but the useful life of the
plough is longer. '
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Iv/C/i. The Roller plough

There are several reasons for the introductien of this
revolutionary new plough, which can be used by commercial
farmers (according to investigations there would be a market
for aboul 400 to 500 pieces/year),

The most important and mest frequently used machine for
agricultural cultivation is still the plough. This is why it
is important to have a plough which can meet the requirements
best for a particular speed of work, whaoh the traction
resistance of the plough is the smallest, (the turning of the
seil, loosening, under-covering, even spreading, etc.)

As far as the construction and functioning ef the traditional
plough is concerned,; it is a special, complex iastrument for
soil cultivation. The slices of soil are cut (ploughshare),
lifted (lower part of the breastboard), bent and turned (middle
part of the mouldboard), by the different parts of the plough,
while they are deformed and driven te the side. At last the 5
nouldborad extension (tailpiece) transfers a certain kinetic
energy to the slice of the soil. Frem the cutting to the
turning, i.e. during the whole movement of the soil eor rather
of the particles of soil moving on the surface of the plough,
they makd a continuous friction-movement; consequently the
operation of the plough needs considerable traction feorce.

An important quality ef ihe roller plough is that i®s moves
the particles of soil by a rolling movement and thus the
necessary traction force is @iminished remarkably (see
illustration). This has the advantage that the roller plough
works appreciably quicker than the traditional plough working
in the same width and depth., In thiés way the ploughing capacity
of the roller plough, depending on the type of soil and its
state, is 30 to 60% bigger, expressed in m>/h, than that of
the traditional plough, while the fuel requirement of the
tractor is 30 to 55% less, owing to smaller resistance., The
reller plough has other advantages, too, which are te be
evaluated from the point of view of characteristics of
Zambian agriculture,

The main products of the commercial farmers are maize and
tobacco, Both crops need different agrotechnics. In Zambia
the cultivation of the soil (ploughing) starts with the rainy
season (beginning of Nevember). In the case of tobacco, if
the farmers plough too early, the tebacco leaves wouid contain
toe much nitrogen and would remain green and fragile (deter-
ioratien of quality)s In the case of maize, more nitrogen
results in better yield.

In the dry season it is impossible te de the ploughing because
of the dry seil, If the farmers pleugh during the rainy
season the tobacco grows tee quickly and then it is difficult
te cope with its harvesting.
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Jn this basis there is a 2-3 week ideal period vhen the
ploughing should be dene fer agretechnical reasons.
Censequently the pleughing must not take tec leng and the
seed beds must be done in time. The latter is sometimes
rather difficult and eften needs 3-4 discing, the soil being
dry and cloddye.

In Zambia there is anether taix in the field which neceds

much time: te cut and burn the uaize and telLacce stalks eon
the field er to transport it somewhere else and butn it there,
if the cattle do not eat it.

All these jobs requiring much time ana eften being disadvan-
tagecus frem the agrotechnical peint ef view, can be aveided
by the reller plough, ewing te its further advantages (see
in prospect),

This pleugh is patented in Hungary and has’ already been
intreduced to 31 countries, Its preduction in Zambia ceuld
be realized in the propesed agricultural machinery factory,
#fter having bought the licence and the knew-how,

The plough is not at all complicated; it is cemposed of the
seil cutting unit, twe or more pairs eof free-running rollers
with rubber lining, the knife ceulter, a traditional pleugh
beam and the headstack for the hauling device ef the tractor
(see illustration in pre=pect). The principle of its eperation
is that the sei! cutting unit cuts the slices eof seil and by
lifting them a little, meves them forward ente the cloak of
the first roller. This reller, because of the effect of the
ferward movement of the whole pleugh and under the influence
of the moving slice of soil, starts rotating and by spinning
the particles of soil, moves them forward to the second roller
which overturns and spreads them. This secend roller

rotates like the first but, ewing te its angled pesition, in
theepposite direction.

In this manner the particles eof soil relling and glancing off
the elastic surface of the roller, crumble, thus preparing a
seed bed suitable for seowing.

As far as the durability of the reller pleugh is concerned,
its cutting device werks lenger than that of the traditional
plough, since there are less heaping pressures and power
impulses in frent of the plough body. Owing to the elastic
but wear-resistant surface of the rubber:@VQPi?they must be
changed enly after 2 to 3 seasons, Their mounting is very
simpla, the time required for it being minimal and their price
very lew. (Technical data of the roller pleugh -~ see in
prospecte)

Finally, one can realize that the introduction and effective
use of the roller plough in Zambian agriculture would result
in the possibility of introducing new technolegy es well as

in helping the Zambian ..vernment to achieve its objective,
i.e. to increase considerably the actual annual yield in maize,
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the average vield in maize and toebacco dependirng greatly en
the level of the productien technique.

. The most machinery is needed on the agricultural farms
specializing in the producticn of maize. Their activity is
more profitable if they can concentrate expertise and
technical knowledge, thus producing more econemically, by

reducing the prime costs, i.e. by icreasing the yield on the
same ground.

When making use of the nsw technology, there are several

working phases which become superfluous (cled breakihg, cultiv-

atien, smeothing). By omitting all these {by combining
meveral working phases) a censiderable saving in labour can
be achieved. At the same time, this technology assures bigger
productivity and effectivenss by increasing the ploughing
speed, the pleughing width and by making the seed beds
simultaneously. ‘

iv/c/2. Tie ridger .

In Zambia the rain cdees not start befere the second half of

O~teober or in Neverber. It is an absclute necessity fer the

farmers te have either animal er tracter drawn inplenents
which con prepare the seil se that its water=helding capeacity
is the best pessible and it sheuld net let the weter. flew

away. The use ef dise and pleughs making big thexest en the
surface of the seil is very useful,

One sheuld see in practice the effeet of the rain en the
greund and sn its structure (cehesien, destructien), the need
for a machine turring perfectly inte the soil the organiec

matter and the fertilizer, etc., because it is almest impossible
te tell frem what theo farmers say.

iv/p,

In a country like Zambia - where the main crop is the maize in
an impertant quantity - it is paying witheut a doubt te
intreduce complete sectoral mechanizatien, for it con increase
coensiderably the average yield and, as & result, it weuld
contribute te the more intensive development of the country.
7% my opinion the cemplex mephanization of -~ among others «
ma. re vroduction results in be.ter yield and very often in

the recuctien of cssts beyond replacing hand work and tradite
jonel animal~drawn machinery. I have prepared in peveral

ways the list of machinery necessary for the preparation of
ceed beds for maize and its sewing in a single working phase
(sec attached illustration) as well as seme of the variatiens

of the material transpert chain both for maize in the ear and
grain. ’

A A I A Y
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IV/E/1. Irrigation

The elimatic conditiens ¢~ Zambia are se varied that after a
Lemonth rainy seasen (frem Nevember te March) cemes an
appriximately S-menth leng abselutely dry seasen,

During the rainy seas'n, the rainfall is between 1,200 mm and
600 mm, mere in the Neril: and less in the Seuth. -The temper-
ature and sunshine duratien in the dry seasen (winter) are

se faveurable that they weuld effer excellent cenditions fer
plant cultivatien if irrigatien could be proeided. Fer the
time being the dry menths are a dead seasen in Zambia, but

by irrigatien twe harvests per year ceuld be achieved in the
ceountry, Fer this reasen every eppertunity must be taken te
make use eof any water suitable fer irrigatien,

Apart frem this pessibility, ene can state that the result: of
plant cultivatien by sprinkling is always increase in yieldj;
accerdingly sprinkling is very prefitable, Hereaftar I shall
quote data (frem the Agrarhilfe 1971, Germany) on the increase
in yield of the different creps, cultivated by sprinkling:

Cereals 0.6-1 t/ha
Maize 0.8-1,2 t/ha
Sugar beet 10-15 t/ha
Tematees ) 20-25 t/ha
Tebaece 1~1.5 t/ha
Fruit 100%
Cetten 40-60%
Greund nuts 30-40%
Coffee 25=-30%
Sugar cane 60~-80%
Bananas 30-L0%

There are experiments in Zambia already (e.g. the irrigatien
scheme in the Gwembe Valley, difected by the Gessner Missien
inte the methed ef fleeding).

Altheugh almest every ceuntry has its traditional methed ef
irrigatien, the mest generally used methods are irrigatiea on
furrowed surface, fleeded surface irrigatien, striped streaming,
furrewed surface with hese diddtibution’ Amd striped streanming
with hese distributien, )

These irrigatien metheds are v.ry well justified by the special
lecal circumstances (lack ef energy, lack ef repair and mainten-
ance ef pessible machinery, etc.). These circumstances make

it net possible te use sprinklers, theugh their use always

leads te the fellewing agretechnical and ecenemic advantages:

1, Natural rainfall with even surface distributien;

2. Ecenemical management ef water-supplies as this
methed needs abeut 40-70% less water than surface
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,f;;:j-. ‘«floeding. This means that the same gquantity of water
is sufficient fer the irrigatien 21 1.5 te 2 times
wmore greund;

‘3. It requires less labeur;

4, It is independent ef the slope of gradient and the
configuratien of the seil; ne levelling or censtructien
of dams is needed, etc. Thus the arable land reuwains
even and will net be cut in pieces by a system eof
dems

5« There is ne need fer irrigatien canals and sysiems
of dams, which, moreover, functien with c®nsiderable
less of water;

6. The ceaplete surface of the seil can be used, whike
the greund eccupied by the canals and dams is
conpletely useless fer cultivatieny

7 The seil will net beceme muddy which weuld pregent
it frem proper airing and the micre-arganisms from
develepment ;

8, There is ne deterioration ef the soii, it will net
beceme alkaline. One can uso the sprinkling system
for the even distributien of fertilizers and plant-
pretecting materials (e.g. against lecusts) in
selution on the required greund;

9. The quantity ef the water sprinkled can be regulated
and an average intenz’ty of rainfall can be assured
(wvhich sheuld not surjpass the abserbent capacity of
the seil, depending en its structure, moisture-
eontent, mechanical and chemical compasitien, en the
kind of crep cultivated, en the durixtien of sprin-
kling and en the diameter of the sprinklerts drops).
By the method ef sprinkling the yield is nlso higher
than by floeding irrigatien,®

For ingtance, in Seuth Africa, en an experimenteal oragge-
rlantatioen irrigated by sprinkling the average yield was 15t/ha,
while those irrigated by fleeding had an average yield eof
35t/ha only, In Azerbaijan, the average yield of cetton was
LOO kg/acre by sprinkling and 90kg/acre by fleeding. In

Puerto Rico the sugar cane average yield was 45t/acre by
sprinkling and 33.5t/aere by fleeding.

These examples are only te demenstrate that any kind ef
investment fer irrigatien by sprinklers, c.ge. meter pumpo,
hydrolift (see description later), reserveirs, irrigatien pipes,
sprinklers, etce -~ will be refunded very seoon, owing to the
higher yield and all the advantages enumerated absve.

- [
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The meter pumps used fer the lifting eof water, can be replaced
by the hydreolift in places where ene can find water-ceurses er
wvater reserveirs. The hydrelift is then capable ef supplying
the sprinklers with water (sees attached leaflet).

I sheuld like te shew and give an idea eof the difference
between the different methods of irrigatien, Dy enumerating
sene of the mest impertant indéx nuabers ef the pelitical
ecenemy: live labeur requirement, (referring 1o Central Europe):

"~ Live labeour

' : requirment
Irrigatien systems  in shift/100 ha
(1 shift x & heur)
1. Irrigatien en furrewed murfaée 543
2. Fleeded surface irrigatien ' . 537
3. Striped streaming irrigatien . 301
4, Irrigatien en furrewed surface with 207
hese distribution : _
Se Striped streaming irrigatien with - 284
hese distributien
6. Sprinkling with pertable sprinkler 1,009
lines ¢
7+ Sprinkling with mebile sprinkler lines 378
8. Sprinkling with piping under surgace 883

with halfefixed sprinkler lines

9, Sprinkling with piping under surface
with selfe-prepelled sprinkler line 156
(en wheels)

Accerding te the utilizatien ef the sprinklers for the
different. crops (one year or several yearu) and fer the
different types of seil in Zanmbia, the piping system can bes

aes pernanent
be halfefixed, and
€es mobile

The latter ene can, at any time, be re-layed in anether place.
The pipes should be made of light steel, aluminium alley er
plastic. These are equipped with the sme~called quick
coupling, which are made leakepreof by the pressure of the
water, Thus, the coupling of the pipes can be dene in no
time, What is mere impertant, anybody, even these witheut
any skill, can de the ceupling and unceupling, i.e. the




-l

shifting ef the pipes te anether place. The sprinklers and
the fertilizer and the fertilizer disselvent can just as
easily be fixed up. If the pipss are adesquately zinced, they
can last as long as 10 years., In order to make the pipes
hard-wearlng, the fellewing weasures are racommended for the
steel pipes:; :

eutside diameter in mm: 89, 102, 127, i1§9,1 O 180
wall thickness in am: 1‘00’ 1.0" 1.0-1.2’1.2'1'5| 1.5

One pipe unit is generally 5 te 6m iong. The pimline is
able te fellew the unevenness of the ground since the radial
distance between the pipe and the pipe ceupling as well as
the elasticity ef the material betwveen tunem make pessible an
inflexien of 10% in beth directiens te the axle of the
sowpled pipes, : '

As I have already nentiened when enumerating the advantages
of the irrigatien by spriniler, eor . can adapt te any peint of
the piping, a se~called fertilizer centainer., By this means
the sprinklers can distribute e.g. & selutisn ef 34%

ammonium nitrate., This methed is extremely advantageeous,
gquick and cheap, assuring an even distribution. Fer this
purpese a fertilizer dontainer, namely an insertien pipe with
aipipe -thghternr in the centre, must be cennected te the
irrigatien delivery pipes. On the effect of the tightener
the water gets threugh te the fertilizer centainer threugh a
cennecting pipe, A jet of water flewing eut ef a sprinkler
disselves the fertilizer in a sieve and the solutien is maved
ferwarded by the help ef anetl.er cennccting pipe, te the
irrigatien piping. After the selution in the sieve, by

the effect of its ewn weight, further fertilizer gets inte
the stream of water, Therefore this methed is of centinuous
running, simple and its eperatien requirus ne special skill,

1V/E/2, Irrigation pipes

If the sprinklers are going te be used widely, not enly by
enmergent farmers but alse cemmercial farmers, I would suggest
the intreductien ef the tracter~drawn and driven hese reel
with winch, the resettlement ef which is very quick from ene
place te anether, The settlement of the main and branch pipes
is dene from engine driven winch, suspended on a tracter, the
pipe being made of synthetic fibre hess, which can be weund,
The settlement ef the sprinkler lines is dowe frem hand-wxnch,
slung reund ene'!s neck, :

Their specificatien is the fellewing:

length of the main pipel 300 meters
" " " branch pipes 216 "
w ¥ gprinkler liness 48 v (2 x 34)

s ——t . ot ot o el

——d
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Ne. of branch pipes: - & pie

Ne. of sprinkler lines: 48 piecea

Ne, of sprinklers: 2L pieces
Territery cevered by

the above piping: 18 ha
Sprinklers? eptimal

distance: : " 18 x 24 metree

Sprinklers! intensity: 128 mm/h

IV/F. Machinery for tobacco cultivation

The machinery fer tobacco cultivatien reflectz the iack of
mechanization in Zambia. In this case actual tobacco types,
Virginia and Burley, grown in Zambia are not suitable for
machine cultivation,

’
The development of such a type will enable the competent
organization to elaborate the appropriate series of machinery,
necessary for planting and tobacco leaf.: wreathing, for the
care of plants and plant protection by machine has already
been solved in the case of the types actually existing.

Special machinefy'sueh as ridgers, tobacco presses, etc.
actually used for tobacco cultivation, were bought Prom
South Africa (Bentall Co.) until 1968.

According to the method in use one should hed out the tobacce
plants just before the rainy season starts, theoretically
between 20-28 October. In one acre about 6,000 plants are
transplanted by hand, Harvesting is finished around 10 March
fhe following year. '

The average yield of a farmer in Choma (Southern Province)
is 590 kg/aere; in Mkushi (Central Province) 500 kg/acre;
the tobacco proguced in the vicinity of Kabwe (Central
Province) is the best expert quality.

Owing to the favourable climatic and soil conditions, Zambian
tobacco ranks in second or third place after the American.

As far as the profit per same area is concerned, the tobacco
is far in the best place. Tobacco cultivation is so profite
able, it is to be expected that more and more faruexrs will
grow it, although it requires accuracy and skill.
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V. EZconomic conditions of the propesed new Agricultural
Machinery Faciory, guiding {rices of tiie investment,
econonic efficicncy calculations

On the request of Mr K. Levisen, Project Manager, Smalle
Scale Industries Preject, I prepared an econemic calculation
en the profitability ef a possible A.HM.F. This calculatien
is required to prove that the factory can be run prefitably.
Notedy weuld make such an investment without seeing that it
is werthvhile,

On 2 November 1972, I paid a visit te Mr D. Luzenge, Dirccter
of Agriculture, He told me thot the World Bank seemed te be
willing te give a lean for Zambia fer agricultural investment,
which can be used for a machinery factery.

Naturally, it is very importantmet only te create employment
possibilities fer a aumber of peeple but &lso to have a
profitable ecenomic base for the 'factorv,

Because of lack of time, I could make the calculation fer

iwe years only, on a beok-keeping basis. J.e., amertization
of buildings is calculated for 45 years and that ef the
machinery fer 10 years. In reality, the rate of return can
be much less, approxX. 15-2C years for buildincs and 5-8 years
for machinery. If we take as a basis the amount invested

and deduct the yearly profit, the rate ef return can be even
less, depending en the profitability of production.

The ecenenic calculation is a methed ef investigatien which
helps in cheesing the kest solution eut of several possibilifies,
vhich helps te achieve an .aim (e.g. cheap productien,

qualitative preduction, quic! rate @f return, etc.) with the
smallest possible investment.

When deing the economic calculation ef the propesed facteory, 1
took inte consideration the preduction plan, equal to the
Zambian requirements:

~ the guide numbers of the Lusaka Engineering Ce. (Lenco)
being used in its workshops;

-~ the size of scries, and

~ the total production costs,.

I must mention here. that eut of the 300 thousand pieces of
free capacity of the forge shop, abeut 60,000 pieces of shovels
and 15,000 piecas of picks/year, as well as unspecified spare
parts are needed by the mining industrye.

The production costs of certain goeds have been calculated on
the basis of raw material prices (forge shep and other shops
separately), en a percentage basis., Thuz 1 have only calculated
the pre«: . ction cost of certain geeds, with 25% profit for
products of the forge shops In order te have a basis of

- »
-
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ceuparison, I have indicated the actual import prices
besides the preductien cests,

I have not preposed any selling prices because these depend
on the pelicy ef the Zambdbian Govgrnmont.

The definitive calculatien can only be prepared at a later
stage (ewing te several missing cemponents), _pessibly with
the Peasibility Study.

Reasens for proposing the new Agricultural Machinery Factoxry
to be built at Kabwe

I find that the most pessible ideal place four setting up this
new factery would be Kabwe, abeut 140 kms te the Nerth of
Lusaka, on the line of rail and en the main Nerth/Seuth read,
situated in the centre o1 not enly Central Prevince but alseo
of Zanbia, as well as in the mest valuable and mest develeped
agricultural region eof the ceuntry,

In order te ensure the cheapest pessible productien of
agricultural machinery ef big series, I prepese to choose
- Kabwe for the following reasons:

1. The transpert ef raw material, the weight ef whici is
generally several times moie than that ef the finished
product, #suld be via the new line of rail from Tanzania,
}tqﬁ Kabwe, Zambia is peor in raw materials, so almost
everything must be imported, except for geods ceoning
frem tne Copperbelt by rail. The factery must be as near
as possible te the arrival place of raw material and that
of secendhand material, The new line of rail will meet
the already existing ene at Kapiri Mpeshi, near Kabwe.

2, As far as ecenemic pelicy is cencerned, it is recemmended
te produce geeds te and frem where it is easy te transport
them (net only raw materials, but alse finished goods),
Agricultural machinery production sheuld take place in the
central of the agricultural area, not enly because of
transport but alee because of easier develepment possibilities,
The area surreunding Kabwe is one ef the best agricultural
areas in the eountry with the best seil (»reduztion ef
maize, tebasso, etc.). Near the Copperbelt there are
large centres of vegetable preductien.

3. Kabwe is net enly in a central polition fer agriculture
but is alse in the centre of the ceuntry which makes
transpertatien frem here very faveurable,

L, In the industrial zene of Kabwe there is a very advan-
tagesus area for the prepesed Agricultural Machinery
Factery, on one uide ef which runs the main line eof rail ’
(with the pessibility of building a side~track up te the
factery) and en the ether side is an asphalted read.
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8.

The mite is supplied with public utilities, whieh is

" anether impertant aspeet when building a new factery.

There are several werks at Kabwe (e.g. Zambia;. Railways
Central Repair Werkshop, zinc nine,-etc.) which could
give cemmissien werk te the factery's ferge shoep and

. feundry. Alse there are always reciéprecal advantages if

several facteries are near te each other, profltlng fron
ene anether 'r equipment.’

The Zambia Railways Central Repair Werkshep has a cemplete
ferqe with equipment almest perfectly unutilized. There
28 & possilidlity that this ceuld be taken ever by the
proposed A.M.F., or the workshep ceula be hired until the
factery is censtructed and start.: preductien ever there,

There is a technical scheol near Kabwe, training students

. for lathe eperatien, welding, nechanxcs, etce This scheel

could supply the factery contxnuoully with the necessary
skillsd werkers,

Besides the extra transpert cests, there are other reasens
fer net builPing the factery in Lusaka, In particular,
there rre already urbanization problems in the capital
vhich weuld be even werse if a new factery sttracteo

even mere people teo tewn.

P



Estimated terrxtonz;requlred by the agricultural machinery factery nt Kabwe, size of buildings, appreximate

prices of investment {(censtructien and egipment, furniture, etcs), fer 1nformatory purpeses only

®* Technical data ef buildinn

“Cost of

- Ne.® Denominatien * Acreage . *Equipment+ Tetal
— — ° * : "constructxcn.furnzture°
- L . . i o » .
" - 1e oProcuctien building . eBrick ateel frame suitable for L e e .
.(blacksmith,shop,'foundry, ethe installation of 5 ton . . N I - e
s . . eetal=-cutting and jeint eCranes, tep daylighting with . , . L e o .
% 7 " escrew-making shop) eshed-reoef, cencrete fleoring; . S em IRV .
a0 Te L Lo T owith electricity, water, severs : Yo . e
ERRR A : «Three hall units/12 m width, . o T e
oo e L RIS «5 m inner height ‘ e ),500 m‘ . K500,000 -, K245,120, K745.120
S i e s Tt T ' ot m e LI <
© % " 24 *Auxiliary sheps,. . . «Steel frame with corrugated v '*"”“ T O . .
=Y ... " “transit steres T U v «strap, tep daylighting, concrete’ _ LR . .
s s I «floering; with electricity, - ° o . .
T * SR I S ' evater, sewers, Two hall uvnits °*. . - 3 5 ' . .
: '1 -‘; \'«. ' . ) o ./12 n Wldth 4.5 wm inner helght * Z,SOO_m e i KZS0,000 * K30|OOO . K280,000
SN " .. [ ; . ! N * °
Tl 3._.Of£ice bu11d1ngs (manage-.! 'Two storey, brlcs wall bulding . R x e
~% & & . ment, technical effices, 2.5 m inner neight, with the - R « .
o . .conﬁcreial_sectlon) o neceasary offices, econveniences;, ' : . ffé.:;-‘f S e T
=T e e Lo o ‘ concrete floorlng o ! «. 1,200 m”, " K150,000 ' K15,000 _ K165,000
SRR i.‘°s;c251 buildings~{&rcssihg; " Brick wall bullding, ene ster" . e IR .
2 : : 5 *reox, lavatery, dining-hull,.z 5 m 'inner height, with the ® ‘ _92' AR it i
I N '-'flrst aiad recm, etc.._' «nRecessary converniences. ¢ €00 . m"* TK100?OOQ . * K5,000 ¢ K105,000
- e . W e ’ S [ ] e ’
5 5w S .Other bu;ldinos (cabxn 'Bulldzngs with brick walls and .’ o ey .
| - 7Y i: .substation, spprentice ‘ steel beans, mixed ‘ . 'OO mn, K50,000 , K12,000 , X62,000
Soas *4:.sch~01, incendiary stock-' * ‘ | ‘e 10,500 m”", . = c, Co
TR « house, fuel store,'etc.) . Y o) o SESEE==mo o . B
T8 - ) . L : , :
l 6¢ 'Contlngen01es ' . , - : . R - *K142,880 * K142,880
T . R ) ., . : . [ . “ . .
23 e .Tbtal terrxtory requircd ®Levelling of the plet ne, 1239 , PO . .
< (buildings and yard) ' *at Kabwe cests approx, 1Kyh2 o 15,000 m", K15,00Q . " . Ki15,000
* =ESTmms
[ ] L L L]
. k1,065,000 ,K450,000 Ji,515,0Q0
Plus additienal cost ef design werk,
NeBe Conciructional costs advance by 8 te 10% per year,
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Summary of the proposed A.M.F. calculation, determination of the

no. of years for the investment te be refunded (:~ k)

1975

Name 1974 Nane
1. Complete building 76.500 1. Feundry, eutting and 441.300
of ferge shop heat trsating sheps,
cemplete factery
(except buildings)
2. Shep equipment, 178.261 2. Shep equipment, - 166,859
machinery maghinery
3. Contingeneies 70.000 3. Contingencies 30.000
Fixed assets: 324,761 Fixed assets: 638.159
4, Raw material landed 245.641 L. Raw material landed 397.243
eost (in faectory) cest (in factery)
5. Spare parts beught 171,000 5, Spare parts bought 219.932
6. Cost of energy, water 8,000 6. Cost ef energy, water 19,000
7. Vages 77.000 7. Vages 237.900
8. General expenses 28,700 8, General expenses 77,000
9. 8% interest en capital _49.944k 9, 8% interest on capital _83.292
- Variable assets: 585,885 Variable assets: 1i034.367
10. Ex factory selling 842,805 10. Ex factory selling 12.105.025
price of finished price of finished
products (forgo preducts (forge
shop) ship)
Less variable assets 585.885 Other werksheps 314,980
Result (prefit): 256,920 Total: 12420,005
Less variable assets 13P34.367
Result (prefit) 385.638
1976
1, Office buildings and 547,200
auxiliary buildings
2. Office equipment in 62,000
the whele factory
3. Contingencies 42,880
, 652,080

Fixed assets of

tetal investment:
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Determination of the no. of years, for the investment to be
refunded (in K):
M

Awerage profit

Prefit of 1974 2564920
" " 1975 385.638
" 1976 (1975 + 5%)  Lok.920
" " 1977 (1976 + 10%) 445,412

- " " 1978 (1977 + 5%) 467.683
1,960,573 : 5 . K392.115 (average
. ~ profit)

year = fixed assets - 1.515.,000

Average profit 392.115

= 3:86_years




Preliminary zaloulation at ihe ¥Yabwe jtricuizurel iscninery fFactory'sprofitab L3ty gor 1974 7
regult
profitability = [yastment
When putting into service the forge-shop
and the edging-shop: 1.8 nlllion operations/yeor
1. 2. 3 4 5. G z R SR VS DURSNGT T MU SO, . LW 2 16, 47, 18. 13 20,
. - Yweishf No. to = total = material Terot srice ot cost cost ‘amerii- in- Vicect 00T cont- - rate _wales “,o.¢_ “fac- "import
No. Denomination *per e pro- ‘“weight ° consmap- "tetal  raw ma- price  ©°of Lrmtion " vesi. e rel . ingen- ,0f in-. Pr°§' 25 % .i{ﬂh_'tory"prices
N piece, duced of tion+3%  weight®terial +  and eners fate of ment awges fes cien  terest’ uction .profit jyjcv = tselling
*in kg in 1674 °“products® in ks . t -ansport handl., 9y & (7fixced T cost - . P nees * of ca-~ cost . “sell-,
. .  forging ing water assets (buil- *pital . ing K/ kg
. . . . stee! *  charges in K,2,3 } . 9’"9)' . . g % . - *price (price/
. =170 N/kq of spa® K in K- . *in K . - * .
- . . . . canoie T parts | . amorti; - . . piece /weiont
. - houaht . zation * . . ex factory
v— v v v - L andie et ¥ . - - —— LJ VYYF
1_ Hoe 1,00 100.00C 100.000 103,000 L0017 R0 - LR 1760 0 Sl HaE - awi!
- . - . . . 3 .:, ¢ ] . . 4 2018 4914 3506 35,283 .44_104. 1,25 0,44 0,991,25
. ) . . N - . *Chinese:
2. Pick-axe 2:5 o 10,000 . 25.000. 25.750 1,75 U TIN - 154 292 < 7 «135% & . . * 0,65/1,44
1 57 W9 ) te ] . . f is 502 1225 874, 8.794 ,10.993 1,25 1,10 *Malawi:
3. Shovel 3,2 . 5,000 ., 6.000, 6,180  .0,h3 L0501 . - 38 70 e Lh . o326 - 1,95/3,"
) ¢ 3 e . 1.0%1 . - i Wiy 326 121 294 * 210. 2.154 2.693% 1,25°0,54 sMalawi:
) - . . . . . . . . . 2,40/1,:2
4, Panga knife with 0,85 100,000 35,000 87.550 5,06 -14.884 10,000 ‘335 * g3 90 4.625  1.710 &4 ‘ with handle
- . . . -8 « 00 : : .62 . .172 2 . . . o
handle . . . . . . (handle’ . . . . . .97? 39.986 49.982 1,25°0,50 *Malawi:
. : . 0,75/0,85
< Mai ; - - 28 60 e DRQ e . . . * with handle
S. Maize hook 0,15 300.000 . 45,000, 46,350 3,16 T« 8RO o i;‘OSﬁ 48. . 52h 2R e2.452 | 907 2.212 1.578 91.120 113,900 1,25 0,38 d
. - eathel . . .
6. Harrow's teeth 35 400,000 « 140,000 144,200 4,82 24,5137 #,N000 1.636 * 374 . Y .
o, , 2 S51h zmltq . ’ 374 +7.620  2.818 6.874 9904 65.624 °82.030 1,25 0,21 Malawi: ‘
( - - - . & nuts M - - 9,60k
7. Sickle (with 0,42 150,000 63,000 64.890 Lo «11.0%1 7 15.000 397 736 138 3.430 1.268 * 3,094 * )
. jod .00 5.9 : . . -1 <09 . .300 . .
handle) . . . {handle . . 2.208 37.307 ,46.628 1,25 0,31 .g‘*liﬂ;l-
8. Scythe blade 0,75 100,000 75.000 77.250 5,06 13.1%3 © 25.000 473 876 50 4,082 . 145/0,2
- . . .2 o “13a1% 5. 76 .082 1.510  3.682 .6 2
(with handle) . . . . . (handl o . 2.627 51.473 6Gha3k1 1,25 0,64
-, Canterbury hoe 1,52 100.000 000 156.560 6 Oh673 " - a8 12776 & . g ‘ .
9= Y '3 ; .’52 0 .15 56 _101‘” a6 77640 B.272 % 30059 7.462 5,324 53.556 *66.945, 1,25 0,67 English:
. . . . . . 5 K with
10. Combination of hoe 0,66 , 150,000 ., 99.000 ., 101.970 6,94  17.335 - 625  _ 1.156 « 138 5,385 " 1.992 . 4.858 466 . . handke,larger
,and Canterbury hoe . . ' . 3. 34,955 *43.694, 1,25 0,29 Ma;g;x:
- . - o,
11. Cow chain’s hook °0,42 * 85.000 * 135.700 * 36.771 " 2,51 6.05" - 230 418 77 1.948 720 " .
chai wau: . +51 6.5t . . 2 1.757 1.254 12.655 *15.
12.°*Commisaion work a 2,0 300.000 *600,000 616.000 42,08 105,060 30,000 3.787 7.010 a1 12.654 2,078 *2 6 54 12.655 *15.818 1,25.0,19
. . K § J2.6548 12,078 °29.45 21.016 241,342 301.677 - -
(e.q. plough-share* . . (commer . > . .
«for spare part) (for *'7h-'75) cial ant~ . .
{free capacity) * * ° * " . .icles) d . . . . .
Total: . «1.800,000 | 1.425.700 1.408.47 1 100,- 246,041 _ 171.000, 92000 36,658 © 1,700 77,600 28,700 70,000  49.94kh 674.244 842,805
- 1.468,5 t ° . . . . * " .
Total capital ‘e 240 hicy 171,000 9,000 178201 J6.800 TTEO0 2BLTO0 J0.000 o 49,944 Grand total s 010,640 K

* requested:

N.B. Calculations for the amortization

* Amortization in 45 years

~teel

scrap frem vThe mines

rates of fixed

assets and buildings and that of total wages see separately
.

**+ [necluainn the yearly rvequirement of the mining industr (app 5 ) j
) ¢ (approx. 15,000 pick and 60,000 shovels) as well
as spare parts, etc,
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Forge-shog

10. Amortization rates of fixed assets: (Calculation for 1974) in K

. Name .Pleéce: .pasic *total Scost of stotals.
. . eprice/ sfoundation« .
« . *machine -* & erectione .
. . . . . s/machine - .
sa. 10 Cwt electro-pneumatice 3 *18.827,20°56.481,60 3 2.300 * 6.900
. hammer . ¢ * H .. .
*h. Electric forge furnace o 3 * 5.000 *15.000 s 400 * 1.200 .
sc. 36" radial drilling e 1 * 9.479,75° 9.479,75 3 750 . 750 .
. machine . ¢ * - : ) . .
-d. Eccentric press « .1 *14,000 *14.000 : 2.100 ~ 2.1200
ee. Friction press . 1 ® 9,000 * 9,000 s 1.600 * 1.600 .
+f, Floor standing grinder -« 3 * 1.200 * 3.600 ] 300 - 900
*g. Framed saw . 2 * 650 * 1.300 + 200 e LoD .
*h, Power alligator shears « 1 °* 840 * 840 s+ 150 . 150 .
i, Portal crane (0,5 t) e 3 * 1,200 °* 3.,600,, 3 420 *  1.260
*jo Travelling bridge crane 1 * 4,300 * 4,300 * 1.300 ¢ 1.300 .
. (51»)_ - . . . .
*k. Complete compressor plans 1 °22.000 *22.000 + 6.000 * 6,000
*1, Welders (2 electric, 1 e+ 3 e 1.100 . 3.300 : - . -
*» gas) . . :
*m. Other equipment (work o e 3.000 s 800 ° 800
‘. bench, water and oil . . . . .
containers, etc.) e . . H
n. Compylete set of smith's . b «12,0009 H - ¢ -
tool . H .
* ¢ . 4
- - “K 15k.901,35/10 years 23.360/20" ys.
yvearly amortization
cost of machinery K 15,490 1,168 /year
foundation & erec~ 1,168
tion K 3§:§2§=
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Forge-shop

11. Amortization rates of buildings: (Calculation for 1974) in K

The building cost of the forge-shop and auxiliary biildings:

36 X 25 900 m a 85 K = 76.500 K
1.700 K / year

amortization for 45 years:

NeB.: The offices & administration, etc. buildings

will temporarily be accomodated in the
auxiliary buildings.

12. Wages: (c.1culation for 1974) in K
* Employee: « Person: . Cost/year/person . total .
L J
. & - - & -
.Skilled workers * 6 * 1,000 *7 6,000 °
.Semi skilled " * 8 ¢ 600 * 4,800 °
.Unskilled " ° 10 * 500 * 5,000 °
.Technician ° 1 ° 5.000 * 5,000 °
.Certified engineer ¢ 1 ®*  13.600 * 13.600 .
«Manager- N 1 *  16.000 * 16,000
.Clerk - ¢ 1 * 2,400 *  2.400 °
Maintenance mechanics * 2 ¢ 600 *  1.200 .
JMaterial handler 1 * 400 * 400 .
.Cleaners * 3 ¢ Loo * 1,200 .
JQuality control inspectors 2 ° 3,000 *  6.000 .
JAdministration cost * ° * 16,000 s 16,000 .
) ° -
* [ ] [ ] L] L4
. L] . . L4
[ 3 . o
Total cost: K 77.600

v

* ig certain to increase
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13. Egggggl_gfggggggi_(Calculation for 1974) in K .
a. Insurance 1.800
b. Maintenance 2. 100 ’
c« Town development cont-
ribution at Kabwe 2.500
d. Semi-{fixed assets
(tools) 3.800
e. Presecure 1500
f. Advertisment 2.000
g. Transport (goods) 5.000
h. Transport (personnel) 2.800
i. Travelling 2.200
j. Sundries 5.000

Total: 28.700 K

14. U i H
-92521@9299-99535-‘(Calculation for 1974) in K

(contingencies)
The unestimated costs might result for 1973-74 (estimated
period of starting to build up the factory is the 3rd
quarter of 1973) from the following : change in price of
construction raw materials, in transport hire, in connect-
ing-up electricity, as compared to those in 1972; as well
as from the cost of constructing the appr. 650 m long side
track from the main line of rail to the site of the factory.




result

profitability result
investment
The complete workshops of the factory planned (see function schema)
1* 2. 3. [ 5. 6. 7e 8. 9, 10. 11, 12, 13. 14, 15, 16, 19. 20.
- . No. to - «material . «price of .cost o0 [ . o investsy » ganeral, . rate of, - . N . import
. "1°h!ha pro- total consunption“ °f  raw mate-S°7t erergy "MOTti o ont direct tXpenses interest Prod- ~sales prof-" fac= = L o1lin
No.. Denmomination P®T _duced weight of + 5% total ial price & and zation oat rec N ‘ uction ftab~tory's ]
e piece” * products °* *weight ¥ . _*handling*® ‘rate of *¢ * wages * - COnt- ol ca-, cost " profit ‘ixitySallingpricea
. in ke in 1975  in kg in ke (forging charqes Yater fized (build- ingen~ pital K/kg
. nxe R . . ptoel) 4 908 win K 27X ing) | . . cles B price  (orice/
transport®f SPAre assets in K ink . . K/piace
. ransport ' 2,5 % in vin weight)
- A70 K/k N . (amort. ex faer-
- - - . - &bnught - in x - q - L] - - L] - ) 'or .
s *40 K/t 45 yrs) -ory
1 . Animal drawen 35 2.000  70.000 ) ) : ) ) ) ) ) ' : : : ) .
<plough (single(12)% (2.000) ,24.000 _ 25.200 1.008 _ . . . . - . . . . .  China:
« furrow) (23)** (2.000) 46.000 43,300 __8.211 K15
N - s . o 73500 [ 16,36, 9.219, 100, 1.34% | 2.552 [ 1.805 23,755 ,€.855 .3+689 49,180 . 256, g5
2., Animal dyawm _36 .  1.500 _ 54,000 . - . . . . . . . . . - . . .
plough (single(12)* (1.500) 18,000 18,900 756
« turrow) L24)** (1.500) ,36.000 | 37.800 o 6426 . ‘ . . . . . . . . - .
. 564700 12,62 -182 an 883 1.968 1,392 18.324 5.288 2.846  37.975 25 32
3.. Ani-‘l dr.'n - - - - - - - - - . L] - . . L] - -
plough (single, . . . . . . . . . . . . . R . .
« furraw) 50 °  1.000  50.000 )
£18) _ (1.000) _ 18.000 . 18.900 . 756 . . . . . . . . . . .
. (32) " (1.000) 32.000 33.600 _ i bl
- N - . 52.500 11,68 6.468 Qo 818 | 1.822 _1.288 16,960  4.894 L2634 _45.460 . 45,46,
4." Rrversible plough
- 115 -. 500 - 57.500 . . - - . 3 > - - 3 L] . ] . . - -
* (248) (500) 12.000 12,600 504
* (91 {500) * 45.500 * 47. * 13,43 <+ B 121,79 . . . . - . . . - . e Rhodexia
. 60.375 8.626 120 Lo 2.095 1.482 19.500 5,627 3.028 41,418 82,84 112,00
5. Ridging plough 35 2.000  70.000 ) ' ' ) ' * ' ) ) - -
J12)%  (2.000) , 24.000 . 25.200 . 1,008 . . . . . . . . o . .
. £23)** (2.000) 46.000 48.300 .11 Malawi:
. . . e 73500 16,36 . 9.210 © 100 [ 1.145 2,552 , 1.805, 23,755 ,6.855 .3.689 _49,120 . . 24,560,133 K
6. :eavy Zig::gm. 25 1.500 37.500 39.375 8,76 i 6.6b94 ,uo 613 1. 366 966 12,720 3.670 1.975 28,094 18,73 Malawi:
_harrow wi . . . - . . . . "k 26
teeth in 4 lines
7s;Cultivator 38 ° 1.500 °57.000 . . . - - . - . . - . . . . . .o
RS (15)* (1.500) 22,500 23.626 ahs .
® (22)%2(1,500) " 34,500 C_36.226 TGoany * * * * ° ° ° * * * "
. . . . . 59850 1331 T nTo o 02 2,076 1.4AR 19,326 5.577 _3e001 35.753 26450 Malawi:
. . X 13
8., The natal part & 8.000 _32.000 33.600 TWB o S.T1n o . 14167 326 100860 3.134 1.687 23.980 3
of hand weeders * ) * - - ‘ * - -
Jwith mounting), . . . . R .
- - « 18.000 - » 449,400 . 100 T B0.007 - T FCNERY ©15.50% 41.032¢ 145,200 41900 « €2.5501i3¢ 314,980 « - . - -
tne 8% of the
- . - - . - . - - . . . . « capitad: 231,885 . . . .
. . . . . . LhoLID L T C166.0n0 4a1.309 107200 0 g0 . . . . . .
* steel sacrap
** ratled section s el
- AT I -t .



Forge-shop only:

Comtinuation ot the g

- 1ae f;‘;- - 3a . bha ﬁﬁl - 6. - Zs - 8. - 9_'__, _&L_q&'_j'.z_'.i - 130‘r 14, - 154 v 164 - 17« - 18, v 19: _,_z_.;_
- - - - 'consunpt ion - . . . . . . - - . . . 3 -
- - - - 4 3 * - - - - - . . . - . . . . - .
- - - L] L] - L] - - - - - L] L] L] L * L] . L3
9t Hoe s 1 500,000 °* 50C.000 *515.000 * 25,85 * 87.555* © 3.102% 4.306 <+ 439 * 23.963% 9,073 ° 7.755 °15.701 *151.894 *189.868 * 1,25 °0,37°
10* Pick-axe < 2,5° 20.000 > S50.000 * 51.500 * 2,58 ¢+ 8,755° *  310° 430 o Lh + 2.392° 906 * 774 * 1.567 * 15.178 ° 18.972 °* 4,25 °0,95°
11* Shovel * 1,2* 8,000 * 9,600 °* 9.888 - 0,50 * 1.681° . 60 83 + 9 464 176 * 150 * 304 * 24927 * 3.659 ° 1,25 °0,46°
12+ Panga knife ° . . . - . . .- . . . . . . . - . .
« with hamdle * 0,838 300,000 * 255.000 °*262.650 * 13,18 = 44, 651" © 1.5B2* 2,196 = 224 * 12.,218¢ 4,626 * 3.954 * B.006 * 77.457 © 96.821 ° 1,25 °0,32°
133 Maize hook *0,15° 600,000 * 90,000 = 92.700 ° 4,65 * 15.759°* 150.000° 558+ 774 + 7§ ¢ 4.311° 1.632 * 1.395 * 2.825 *177.333 *212,666 * 1,25 °0,37°
14 Ihrrov‘- teeth . d hd . . hd he e hd b . hd . . . - . -
. +0,35° 400,000 * 140,000 °*1hk.200 ° 7,24 + 24.514° 16.000° 869° 1.206 * 123 * 6.711° 2.541 * 2,172 * 4.400 * 58.536 * 73.170 * 1,25 *0,18 -
15‘ Sickl. - L] - - - - - - . - - L] *® L] . - . L] n
with handle 0,42 300,000 126.000 139.760 7,02  22.063 18.000 842 1,169 119 6.508 2,464 2,106 ko264  57.535 71.918 1,25 0,2k
16. Scythe bl.do: : : : : : : : : * : ° : * : * * * *
: with handle 0,75 250.000 187.500 193.125 | 9,69 _ 32.831  35.000 1,163 1.614 : 165 _ 8.983: 3.401  2.907 : 5.885 _ 91.949 :11k.936 : 1,25 :0.h6:
17: Canterbury hgo . . . . . . . . . . . . . . . . .
. 21,52, 200,000 _ 304.000 313.120 15,72 _ 53.230 D 1.886 2,619 | 267 _ 1h.572, 54518 | 4o716 | 9.548 : 92.356 _115.445 _ 1,25 0,58
19, Combination . . . . . . . . .
P of hom and 0,66 350,000 ° 231,000 °237.930 11,94 © 40.L48 1.433° 1.989 203 ° 11.068° 4,191 ° 3.582 ° 7.252 ° 70.166 ° 87.708 ° 1,25 "0,25°
- Canterbury . - [ - - - . . . - e 3 . . o . . o )
- hoe - - - - - L] - - . - - L) - * - - L L L
19 Plough share ° * * ° * N ° - * . * * ¢ * * * ¢ . .
* for all the ° 1,58 20,000 ° 31,600 ° 32.548 ° 1,63 ° 5.5337 * je5° 272 ° 28 ° 1.510° 572 ° 489 " 990 ° 9.589 "119.862 ° 1,25 7 -
- plou’hs as - - - - - - Ad - . - - L] L] . . . - L] L]
- spare parts : : - : - : : : : - - » . . . - - . L]
2,898.000 1.992. 441 100 337.020 219,000 12.000 16,658 1.700 92,700 35.100 30,000 60.742 804,920 1.105,025

‘Vg’

In order to achieve a more favourable price for the 35 kg plough, which it the most popular one, the price of this plough could be remnnerated by
those articles which are produced at a lower price than the actual import prices.

Production
Denowmination: « Production price: . Import selling price , % . savinga/machine . pieces/year *.Total profit
a. Ridging plough ° X 24,56 : K 33 234 4+ B,44 * 2,000 . + 12.660
be Zigza@ harrow . K 18,73 - 26 -39 4+ 7,2 . 1.500 . + 10,905
c. Cultivator . K 26,50 ° 33 *-24 o+ 6,50 * 1.500 . + 9.750
. . - . ‘s 33315

In the case we want to achieve an ex-factory price of K 19,50 for the 35k¢  plough, which will be produced at a price of K 24,56, K 10.120 (K 5,06 per
piece) must be deducted from the total profit of K 33.315, in order to remuneratc the 2.000 pieces of ploughs to be produced this year.

The above deduction would change into K 19.120 (K 9,56 per picce) if we wail to achieve the Cainese price level, which is actually K 15.

. )
The foregoing compar ison is made on an ex-factory (1ocal) and selling (import) gprice basis, which aimas at proving that the local production prices
can compete with the actual import prices.
Mention must be made of the forge-shop, the tetal products of which have 1 gyerall profit of 25 %. The ex-factory prices of the forge-shop's products
are lower than the actyal import prices, even at such a high rate of profit (rate ofprofitability: 1,25). This certainly means that all the other work-

*shops Of the factory can be profitable. .- f

* Proposed for Kabwe . . . ~ .
N.B.: Calculations tor the amortization rates of fixed assets and bvildings and (. hat of total mages see separately.
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Calculation for the amort1zat1bn rates of fixed assets and |

10. Amortization rates_of fxxed assets: (Calculation for 1975 in K)

. 10/1. Equipment of foundry:

* y .. . Basic . Cost of . .
* - . price/ . Total: foundation . Total:
° Name: « Piece:. machine . <& erection . *
* . . . ./ machine . .
. 8. Three phase, arc- . - . . . °
. light melting furnace 1 « 22,000 22.000 3.000 3.000 °
. b. Charging instrument . ° * : - ;
. wich basket and * . . . . . :
. casting ladles 3 1.000 3.000 Loo 1.200 ;

. c.Dies for 9 dlfferenf

. machine types . - « 13.100 ., - -
o d. Travelling bridge ° . - ‘
. crane (5 t) . 1 4,300 ° 4.300 ° 1.300 . 1.300 .
. e. Floor standing * . - . ) .
. grinder ° 1 . 1.200 . 1.200 300 ° 300 .
. f. Other equipment . - . ‘ .
. (work benches, hand * ¢ °
. grinders, pneumatic’ . ° . y .
. flogging chisel, . . e . ¢ ;
. supply of compressed . * ° .
. air, oxy-acetylene ° . : : . .
. chisel, etc.) } . - * 1.900 ° - . Lo .
K~ 45.500 . “K 6.260

10/2. Cutting and joint screw making shoo:

. y * Basic * Cost of ‘ :
. * * price/ ° ° foundation )
. Name: ‘Piece: ° machine ®* Total:® & erection ® Total: °
. : ‘ * ° /machine -
As Universal lathe; . . . . . .
. centre-to-centre dis-, . . . . .

. tance: 750-2.000 mm - 1 P 6.000 - 6.000 ' L 1-200 - 1.200 .
b.Automatic screw machine .10.609 . 10.609, 1.500 . 1.500 .
£.Screw cutting automat . 1 .« 9.500 . 9.500 ., 1.400 . 1.400 .,
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. d.Drill press for a maxi,~ . o . . . .
. mal boring of 40 mm . 1 « 5.000 « 5.000 ., 1.000 -« 1.000 ,
£.Bench drilling maching, . . . . .

' . for a maximal bhoring . o . . . .
o 0of 10 mm ) . 3 o« 700 . 2.100 , 100 . 500,
f.Framed saw . 2 «1.250 . 2.500 . L4oo . gno .
*ge. Other equipment (work ¢ e g . ° -

. bench, hand tools, .
. tOols, etc:) - . - oo 1.1}00 . - . - .
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5 Calculation for the amortization rates of fixed asscts and
‘ buildings and that for wages
10/3. Heat treating and edging shop:
. : . :Basic - .Cost of . .
¢ Name: e Piece:.prlc?/ * Total: .foundation . g o1 S
. ] machine:. & erection <
. * ° . ./ machine . -
®a. Continuous furnace . . * * ° °
: for the heat treating . ° N * *
* of cagtings (in orden. . * ° ° y
° to norma lize ity ca- . * * : °
* pacity: 1-1,2t/m - . ° ° S i
°  bottom . 1 . 12.000 ° 12.000° 2.000 * 2.000 ‘!
" b. Flame hardener . 2 . 1.600 ° 3.200° 200 ot 40O .
"c. Portal crame (0,5 t). 1 .1.200 ° 1.200" k20  ° k20 . |
*d. Auxiliary equipment . . * * - .
‘ (cleaning drum for .. . ° * - o
®  castings) « 3 . 330 ° 990 ° 60 . 180 .
“e. Small size universal. . ° . ‘ ° .
- cutter grinding . . * R - - .
°  machines . & . 1.000 ° 4.,000° 150 : 600 .
"f. Blade grinding machine 1 . 800 ° 800 ° 200 * 200 .
“g. Grinding machines with R * : * .
: double abrasive disc . 2 . 500 ° 1.000° ’ 150 300 .
*h. Complete dust collecte * . * * - .
: or equipment . . - ° 1.900 " - * 4oo .
«.i. Other equipment (work. . . . . -
. bench, material table, . . . , . -
- etc.) B - ° . e 3 . -
K 26.090 K 4,700
10/k. Cold pressing and sheet shop:
-
. . » Basic - -~ Cost of N .
. Name:  Picce: t Price/ poyyy - foundation .o,
: . . . . / machine . 4
«a.Shearing machine for * * ) : :
- rolled section steel _- 1~ 2,600 ~ 2.600° 250 * 250 :
» b.Eccentric press . 1 12,800 | 12.800° 1.200 * 1.200 :
* c.Travelling bridge . . . ) ° ‘ :
e crane (5 t) . . 1 k.00 4.300° 1.300 * 1.300 :
« d.Electric alligator - ° '
- shears .1~ 700 700" 100 * 100 ~
- e.Hand operated metal | ‘ ° ’
» snips . 2 ) 300 ° 600 ° 50 * 100 -
¢ £f,0ther equipment . : : : . : :
- (material table, hand ) : : ) )
e tools, mechanical . . . p * ‘
+ attachments, etc.) . - . 1.000° - -




10/5. Welding shop:

. . -Basic . «Cost of - .
. Name: . Piece:.price/ .Total: .foundation .Total: .
. - «-machinee. +& erection . .
. . . . ./ machine . .
"a. Resistive welder * 3 ° 1.500 ° 4.500 ° - * - N
‘b. Gas welder equipment * 2 ° 800 ° 1.600 ° - ° - ?
*c. Equipment for gas ab- ° ° ° ° * -
* sorption * ’ - " 500 ° - ° 450 *
‘d. Travelling hoist (1 t) ° y S ~0 ° 600 ° 2. * 200 °
*e. Welding cabin, work ¢ ¢ ¢ * * *
®*  benches ° 3 ° 66 °* 220 ° 33 * 100 :
. K__7.400 K__730
10/6. Locksmiths® shop:
. a, Work benches, . . . . . .
. hand tools . . 2.400. 2,400 . 100 . 100 -
e be Travelling hoist s . e . . . -
. (1t) ’ . 1 . 600 . 600 . 200 . 200 .
K 3,000 K 300

10/7. Assembly shop, quality controi:

.

‘ a. Hand tools * *1.000 °°1.000 ° - ’ - *
. be Travelling hoist . . . . . .
' . (1t) e 1 . 600 ., 600 . 200 . 200 .
* ¢. Other equipment ° * 4oo ° oo ° - ‘ - °
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Calculation for the amortization rates of fixed assets
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10/8. Paint shop: ’ : ‘
. «Basic . .Cost of . .
* Name: . Pieces:.price/ . Total:.foundation . Total: .
° . .machine. .& erection . .,
° . . . ./ machine . .
.a. Electrostatic ::colour ° - ° * : * *
« distributor 3 * 300 ° 900 ° - * - -
.b. Electrostatic painting’ " * ° * :
« equipment * 1 ° 800 ° 800 * 200 B 200 ‘ !
.ce. Easels, mobile drying ° * * : * * |
- hanger . . - - 300 . - - - . ;
i
K 2,000 K_200 :
. === == —m==nn= t
Total: K 145.099/10 years K 21.760/20 yrs

K 1.088/year

Yearly amortizatiocn

cost of machinery K 1Lk.510
foundation & erec-~ ]
tion + 1.088

K 15.598

11. Amortization rates of buildings: (Calculation for 1975) in K

Forge-shop (complete) 26 x 24 m = 86GAh mz 685K/m2 0= 73,5400 ;
Auxiliary buildings, stores 12 x 60 m = 720 m, @ 50 K/m,= 36,000
Cutting shop ’ 36 x 2k m = 864 m,, @ 85 K/m2= 7340
Joint screw making shop 36 x 5 m = 180 m,, @ 85 K/m,= 15.3C0
Heat treating and edging shop 36 x 12 m = 432 m,, @ 85 K/m;: 36.720
Cold pressing and sheet shop 36 x 12 m = 432 m,, @ 85 K/m, = 36.720
Welding shop 12 x 12 m = 144 m, @ 8s x/m;= 12.2h0
Locksmith’s shop, assembly shop 36 x 36 m =1.296m2 @ 85 K/m_=110.160
Quality control, paint shop 36 x 15,8m= 568 m_ @ 85 K/m = 47.280

5.500 m K 441.300

Amortization for 45 years: ’ K 11.032 /year

The construction of the offices, administration and auxiliary buildings
can be started at the beginmning of 1975, for the planning won’t be fi-
nished before the end of 1974k. -~ Thus the amertization rates of these
buildings cannot be calculated in before 1976.




Calculation for tho arortization rates of fixed assets
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and bu1ld1ngs and_that _for wages
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12. kages: (Calculation for 1975) in K

Personnel for the folowing workshops: foundry, cutting and joint
screw making shops, heat treating and edging shop, cold prossing
+! and sheet shop, welding shop, locksmith's, assombly shops, cualie-

ty control and paint shops)

. [ 3 - [ 3 - [
. Employece: e Person: . Cost/year/person . Total: .
e Skilled workers - 30 ° 1.0C0 : 30.000 :
e Seni skilled ® . Lo - 600 - 24 .C00 .
e Unskilled " s« 50 . 500 . 25.000 .
e Technician . 3 . 5.000 . 15.0C0O .
« Cortificated engineer . 2 - 154600 - 27.200 .
o Haintenance mechanics v A . 600 . 24060 o
» MHaterial handler - S + . Loo - 12 .
« Clcaners » O . 400 . 2, L00 .
e« Quality control inspectors 2 . 3.000 - C.000 .
e Adninistration cost . . 12,000 - 12.,C00 -
- v @& [ ] - L)

.. - L L J L J
Total cost: K 145.200
Personnel for the forge-shep: 0T
® Skillod vorkers * 10 * 1.000 *? 10,000 ’
® Somi skilled ® ° 14 ° 600 * Seh00 *
® Unskilled " ¢ 15 ¢ 500 * 7500 *
* Technician * 2 ¢ 5,000 °  10.0C0 N
® Certified cnginocer ° 1 ¢ 13,600 ® 15,000 *
® Maintenance mechanics ° 2 ¢ 600 ¢ 1.2G0 °
° laterial handler ° 1 ® Lco * Loo ¢
® Cleaners * 3 * Loo * 16500 *
® Quality control inspectos 2 * 3.000 ¢ 6.CCO ¢
® Administration cost* ° ° 16.000 *  16.000 *
® Clerk ® 1 * - 2,400 ° 2,500 *
® Manager - ¢ 1 * 16,000 16400 *
® t d [ ] - *
Total cosy: K .. 22700
*is certain to increase
13. Genoral expenses:
Forge=-shop Other_workshops
ae. Insurance T ZK? 2.000
be paintenance . 3.100 3,100
ce Town dovelop~
nent contribu-
tion 3000 3300
' de Somi-fixed
ascets(tools)  L000 5200
e, lreseccure 14500 f ,
fo. Advertisrent ?.000 z.égg :
L e rhonnal) " 5,700 |
- 4. Travelling 2500 340C0
J. Sundrics 50 GGO ) 6.500 '

Totalig, 35, 100 - B12900,
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VI, Prepesal for the equipment of the prepeszed new Agricule
tural Machinery 'Factory!s workshops, with outlineé eof
the technological processes

VI/A. Forge-shep

Agricultural machinery and implements = should they be hand
teols, animal or tractor-drawn implements - are expected teo
be attritioneresistant and ef leng life, considerang that
they sre exposed to considerable physical and mechanical
tearing ferces during the cultivation ef seil. These bearing
forces are especially considerable in the Zambian heavy, dry
and often gritty seil conditiens.

Censeaquently, several parts of the agrieultural machinery and
implements (e.g. pleughshare, 'furrew, harrew tine, subseil
krife, carriage axle, etc.) as well as seme finished goeds
(hee, spade, bush clearing knife, hatchet, etc.) must be
ferged in order te make them hard and leng-~wearing.

Fer smaveral technical reasons a blacksmith?s shep is sbselutely
necessary for the production e¢f agricultural machinery. This
investment is te be censidered as elementary, especially if

we take inte acceunt that this wmuld be Zambia's first blacke
smitht!s shop,

Te produce eertain parts by ferging amd generally by plastic
shaping is much cheaper than shaping by machine tool. Eege

the production of a scetch cart?s axle needs about 5 heurs/
piece by shaping by machine tosl, and abeut 6=8 minutes/piece
by ferging in twe steps in a die, Medern preduction technelegy
requires that shaping by maehine toel be only applied when it
is inevitable,

Forging is the mest economical and suitable manufacturing
process for the production of agricultural teels and machinery,
requiring great toughness and leng duration ef life, this
technolegy being cheap, quick, accurate and ferming the struce
ture of the raw material so that the product will be consider-
ably strenger and mere compact and wear-resisting, with more
durable edges,

Furthermore it is alse important te consider that this
forging-machine is very suitable for mass production of spare
parts, These spare parts will be good fer supplying the
artisans in the future,

It is alse the aim ef UNIDO te previde technieal advice for
the Zambian Gevernment and these competent, en machinery te be
chesen cerrectly. For this purpese I should like to state
some of the most impertant requirements cencerning the forging
machine, The forging machine must be able te de the follewing
feur main tasks:

e . - .
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-~ éuring the placing and turning ef the pieces te ne forged
the hammer should stay in a secure, upper position (against
mccidents); : ~ o

- if we want te press the werk-piece against the anvil, the
ram sheuld stay let dewn on the werk-piecej

-~ Buring ferging,; the:hammer sheuld perferm alternate
kmcks; .

" w the ram sheuld be ecenducted plumb 5o that the upper and
lewer parts eof the die cannet meve cs:ipared te each ether,

In erder te give a chance of cheesing, the characteristics ef
three different kinds of forge shop are enumerated here:

1. nixed eperated '

2, with die .

3+ blacksmithts shep fer the preduitien ef agricultural
implements,

Products teo be manufactured are: pleughshare, furrew, knife
coulter, reversing lever, hee, axe, pick-axe, bush knife, rake
harrew tines, hand-operated weeder, sickle, fartilizer
distributor spoen.

Name of the blacksmith shep

Mixed eperated With die For the
: productien of
agriculturel
implements

Weight ef the piece te : .

be ferged in the case 1-100 - -
ef free ferging T - '

meulded, in kg

Weight ef the piece te o
be ferged in die, in kg 0+5-10 0.7-~10 0.2-5
Character ef the - - piece or wedium and large series
preduction - small serial large serial

preductien productien
Preduct i . .
Productien/year in 3,000~10,000 2,000~5,000 2,000-10,000

t/year
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": ®Weight ef the drep- .
©- ®hammerts ram, previded - . - - 50-1,000
'3 with strap, in kg ’ .

: . o - for the
. Mized eperated with die preductien ef
’ - ' agricultural
implenents
Weight ef the free : :
meulding hamner's ran 150-1,500 - - .
-in kg : R S
~ Weight ef meter dri-. _ e o .
ven pneumatic hammer's . S T - 75=750 ’
ram in kg o ‘ ‘ » :
o Veight of die hn-nor : ,
crau in kg 300-3,000 A 500-4,000 7500-4,000
;;We1ght.of rush-pull - : +'64000~13,000 6,000-13,000

‘S hammer!s ram in kg
o

gPressing forece of the

E:tlash press, in t ;00-200-~A- -\ 60-300 60—300.

0. . ) . . : o '
Pressing force of‘the - . - . 50-200
eccentric press, in t g : ‘ B
Pressing ferce ef the o ..' ' ;;_‘ o |
frictienal press, in t - . f 30-200
Surface of the chanber 0.2_1.5 ., - - © 0e5m3.0

kiln, in m2

Surface of the breach Co S
furnace, in m° Ov1=d4D 0u1-1.5 '045=2,0
Capacity af the trav- ' ‘

8e111ng furnace, in t/hr ~ 0’02‘971 . 0.01~0.3

E Surface ef the retary o o

2 furnace, in m2 - : 1,0-3.0

Capacity of the centact ‘ ,'v, S
heated or inductien - A 30-100 -
furnace, in kW ’

Capacity of the bean '
» . 2 2 2
g crane, in t :
B Capacity ef the crane ,
g . . : .
o brldge, in t , 3 , .5 5.
! Capacity of the hande : ‘ ' ' .
f:operated rotary crane, 0.5-1.0 : e -
ain t : : o o ‘ T
‘3 Hand-eperated trolley necessary neeessary Nnecessary

& Electric trolley - " " "




-63-

for the
Mixed aperated with die proeduction of
: agricultural

inplements

“ %Hi%;h of t?e mnain 8-12 12-20 8-16

o = workshep, in m

u .
g & Free height under the 6-8 8-10 729
_3 g crane bridge, in m

The estimated capacity et the Llacksmith®s shep sheuld be from
ahaut 800,000 te 1 million forging eperatiens per year.

One will have te take inte censideration several requirements
befere making a cheice &8s far as the purchase of machinery
and equipment is concerned. E,g. the seil conditions en the
greund where the setting up ef the werkshep is cencerned; the
effects ef the escillation caused by the ferging machine on
the purreundings, neighbouring houses, etcy the price,
pessibility, etc. of the machinery te be purchased (commercial
market research).

These are the reasons why the parameters, givea above for the
different types of machinery are aimed at on a bgsis cnly fer
a subsequent technical study, for the technolgical planning.

The main basic eenditien of mass production is the ferging in
die, The preductien ef agricultural teels snd implements and

" the ferging in die require harmers with quidg pewer inpulse,

rather than slow machines like the forge-press. As I said

. hefore, agricultural hand teooils and spare partes must be harde

1.

wearing as they are expesed to large bearing fereces. The
teughness ef the material is ensuired by forging in die, as the
red het steel takes on the shape of the die on the impact eof
the stroke., The amount eof steel put in the die is always
greater in velume than that neoded fer the filling up of the
die, therefore the forged piece will be more compact. The
structure of the material is formed very quickly during
fercing which enables it te meet the abeve requirements.

Auxiliary ferging plants

Forging takes place when the material is in a malleable state,
i,e. at & very high temperature. Censequently a furnace must

"be set up in the blacksmith®s shep, The primary conditien of

& geod furnace is a minimum fermation ef scals (it wears

dewn the die very much), therefere the atmesphere of the
furnace wmust not be oxidizing, This is why it is alse imper=
tant that the werk~piece should net be in the furnace for
longer than is absolutely necessary, the atmosphere of the
furnace being more or less exidizing.
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Cemprehensive table en the erder of die

forging equipnment

Rpretarapv Y

pieces. One can interpelate between the twe valuese.

. Fer iece " Mechanical Drep~hanmer Push-pull Flash press,
B B _g“ pneumatic in t hammer , in t ’
% : i hammer, in t in kg
| o 8 ~ = 0 -] 'ﬁ -
s57 RBET Pu [ Tt x| min |m in
2’3 Py d ,"j' © d a min max - min max min max min max
4 5 el ﬁ W
ers BRI BY
< T 8 ﬂn k- a ¥ .
20 3.1 Jo.ok lo.3 fo.2 | p.35 025 | - - s0 |70
40 |12.6 Jo.2  |0.2 f0.3 - .25 [oeh - - 70  hoo
6o |28:3 0.6 [0.3 Jo.5 0.k {0s6 | = - {100 hes
80 |50.3 [1.2 |0.5 |0.75 0.6 [0.8 = ky000 | 125 heo
100 |78.5 [2.0 ]o0.75{1.0 +8. ]1.0 [24000 B,000 | 125 [ROO
120 {113 [3.0 , {1.0 [1.35 ¢ [1.0 1.35 {2,000 PB,000 150 {250
140 {154  |4.5 | 1.25]1.5 i {16 1.8 3,000 £ ,000 160 [300
160 201 6.5 1.5 |2.5 1.8 2.7 3,000 FB,000 200 . [|300
180 254 8.0 1.8 [3.0 2.3 3.4 3,000 4000 200 1350
200 |31& -}o.o |=2.0 3.5 .- |27 |4k |4,000 [B,000 | 250 {350
N.B. The mipimum value is 6.5 « 7 kg/hmz cencerning round;ahaped forge
' pieces. The maxipum value is 9 - 10 kg/mmz fer leng-shaped ferge
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The secend cendition is that the rate =f heating ghould not
exceed a certain iimit. If it i3, le.ec the diiference
between the temperature of the vhirkepiece and that of the
furnace is teo big, ths surface ef the iorke-piece would get
everheated teo guickly, while the iuside of it would be
heated more slowlye This proecess ceuld easily result in
considerable stregse and strain. The eutside, warmes parts
would stretch better than the ianside, colder parts. This
could leed to fractures or to the breaking off of the
cutting cdges (ploughshare, knife ceulter, etc.).

I wention the above requirexents in ciyldar te shew seme of the
precise precedures which are te be follewed, az they are
necessary fer the perfect technolsagy ef ferginge.

The different kinds of furnaces; indicated in the first table
e this chapter, can alse be digtinguished ascording te their
rneed of combustible material. 2king inrte censideratioen the
ener¢y base of Zambia, thce reletively clieap eleciric curren
weuld effer meiives for using elsctiiczlly~heated furnaces
(electric, resistance furnace, indueivien and centact heating).
There are alse iurnaces heated with liquid fuel (wazeut, gas
¢il) er with gas (natural gas), but these latier enes cenbist
be recemmended because of their being mzush mere =2:sensive
then the previocus snes.

The electrically~heat..d furnace, e.g. inductien heating (by
generater) is much quicker than ary other kind ef furnace.

Its great ecenemic advantege is that, ewing te the shert
heating up peried, the feriation ¢f wvcale is rather limited
vhich ensures a neqglirible 1958 of materiale he use ef this
system makes tne ferging prucess very fust, especially in the
production of agricultural machinery which censists ef the
large scale preduction eof parts of the =ime size (plouqhshares,
harrew tines. hocs, etce)s

The compressor plant supplying cempressed air feor the ferge
shep (fer the hlewing of the die, for the door-meving rolls ef
the furnace, etc.) alse provicdes the corplete workshon with
conpresseu air, (e.g. in assembly shep: hand~drilling
machine, screwing machine; painting shep: paint distributer,
etto)e The capacity of the compresser cannet be specified
until the detailed tecunelegical plai. - ready,

Constructien requirements

Owing te its heat cutput and flue gos pellutien, the ferge
shep must be accommoedated in a separnate part of the building.
The shep itself must be hign, spacious, bright and easy t.

air with natursl air draught. Artificial airing must enly be
used in the for, shep if inevitable. It is impertant to male
the foundatien ef the forges, requiring impertant depth, &t
the same time as the foundation ¢f the workshep, when there

is ne restrictien,

e ——e
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Infermaterv values en the dimensions ¢f the machinery's

feundatien \
Type Minimum Area of Volume
Charac= depth ef bearing of the
Name teristic feundatien o¢{ the feundatien
weioht of jp m foundatien in m3 : !
Fan in kg e
Machanical 750 2.3 8,7 20 '
pneumatic 1,000 2,8 12.4 35
hammer 2,000 4,2 13.1 55
3,000 5.0 16.0 80
3,500 5.3 18,0 95
Drep 500 2.2 , 505 12
hamnmer 750 2,4 6.5 15.5
1,000 2.7 7ok 20
t
Flash press 150 1.2 3¢9 k.7
200 1.k Je ks 4.8
300 1.6 3.5 56
350 1.7 3.5 6.0

The data indicated abeve are valid only when the mininum
depth of foundation is accempanied by a scil ef adequate
bearing eapacity.
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VI/B, Small Foundry

When manufacturing agricultural machinery and implementis,

tihhere are saveral parts of sophisticated ferm (e.g. shifting |
device of the twe furrow half-turn ploeugh, wheel centre of

pleughs, scotch carts, etce.) which will require the establish-

ment of a small, nixed operated foundry for grey iron and steel.

In Zambia there are only two foundries, one in the Copperbelt
end the other in Lusaka (Foundry Salvage and Supply Co. Ltd.).
The foundry in Lusaka is already overcharged and that en the
Copperbelt werks only for the mines, '

Thus the foundry proposed te be set up at Kabwe would be the
third one in the country and besides manufacturing parts
necessary for agricultural machinevry snd inplements, it could
alse undertake commission work {(e.g. for the central workshop
of Zambia Railways at Kabwe, etc.) 1f the foundry were
eperated in two shifts, its investment costs weould be repaid
in a relatively short period.

Presumably the following parts sheould be manufactured by the
proposed small foundry in a whole productien year:

9,300 pieces of wheel centre for ploughs (@ 1 kg) 9.3t grey iron
5,500 M " n " " ridgers (@1.2kg) 6,6t nooon
1,000 " " " n " seeders (@0.8kg) 0.8t nwooon
L,000 © " cellular wheel " seeders (@0.5kg) 2,0t stqgl
2,500 " " shifting device of two- (o) ooy o oy cas
. furrow half-turn pleugh * °
3,608 n " wheel ceiitre of many @ .
sided culiivater (€1.3kg) 3.9t grey iron
1,600 " "  running wi:eel centre fer e
L ” roller ploughs ( 2.5kg) 4.0t ggggl
400 " " 1ifting device for tie
- @4, 0k o n
ridgers (@4,0kg) 1.2t
600 " " wheel centre for scotch A
@3,0kg . "
carts (€3.0ke) 1.8t

Accepding to the character of the preoduct, the feundry will
standardize preductien se that the preparatien of meulds,
the melting ef metal, the casting and empfying are done
simulv. 1ecusly,

Technical equipnent of the mixed eperatsd feundry:

Melting equipment:

Considering that the price of electricity in Zambia is very
favourable and ether seurces of mnergy are inported into the
country (e.g. fuel oil, gas, coeke), I can enly propese the
use of melting equipment eperated with electric arc-light.
This can be: (a) ene-phase arc-light melting furnace,
provided with graphite sticks; (b) three-phase arc-light
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melting furnace (Herouvit in typel; (c) m=2lting furnace
previded with arc-light and bettun-electrede; (d) arc-light
melting furnace with inductive bettem-hecating.

From among these furnaces the Hereult type has the best
qualities fer cnsting steel and ireon, grey cast iren of quality
and profile ste=l casting.

Considering that an econemic analysis must be done prior te
investment, in order to ses how much cermission werk can be
done in the feundry besides the factery's ewn requirements, I
am indicating herewith some characteristic data of tlie arc-
light furnaces of different eres, giving information fer
final investment planning: see following page.

The electrode regulation can be: electric - mechanical -
electrenic - hydraulic, etc.

L]
The furnace=-bedy tripper device of the arc-furnace can be:
mechanical (with electric engine) - hyvdrauiic.

Methods of charging:

by hand; maximam efficiency ef supply

by electric crane; maximum efficiency of suprly appre
by slipway, tripping the furnace by 45%; " "

witl. bucket; maximum efficiency of supply

The productien el steel-cast in cenverter requires cheaper
investment and its running is also simpler, but tlic quality eof
this steel-cast would be the poorest.

Iron has a relatively lew melting point and thus its melting
in the electric arc-furnace causes ne difficulty and requires
ne special trecatment,

It must be taken into account that the chemnical composition of
the iren would change, te a certain extent, during melting:
the silicon and manganese content of the iren would decrease
and that of the carbon would slightly increuse.

The carbon content of the iron-heat can be decreased on
purpsse, by adding steel scrap. The less in silicon and mangan

€5%
L5%
50%
95%

cse

can be decrcased by adding sufficient limestons for scorification

and by ensuring sufficient air fer the melting.

The phesphorus content would stay almost unchanged and the
increase in sulphuric content is negligible in the arec-furnace;
in the case of core or fuel-eoil heating the sulphuric centent
would censiderably change according te the sulphuric centent
of the combustible, I de net want te give details here on

the melting precess of the chilled cast-iroen, but it must be




gharacteristic data of arc=Yight furnaces

~

(Hand chargina up te a capzcity of 3 t and leading with tucket oenly, frem a capacity e 5 tong)

(=0

T Carben-shéael produced by a enz-slag basic opersiion
Nom- Capa= Energy Ca0ling Diameter Time Consuni- Dara- Spec~ Averace Requirament
inal city requi- -water o1 ihe ot ptiol in tion ific melting in enerqr of
capa~ of the red for consuie electrede mael- elsctrode o7 ~ne output casacity ene conplete
city trans- nelting Ftiomn ravhite) ting in kg't comp- in t/h heat®?* in
in t former in kWh/t in 2/h in mnm in lete kWn/t
in kVA min heat
‘in min .
R
v
[ - -y
0.5 500 560 2 100 k5 6.0 75 0.40 2,900 SLO
. . - i -
. 1.0 1,000 530 3 150 L3 5.6 75 0.80 5,750 H1919)
1.5 1,200 500 4 150 50 Selt 35 1.05 74550 750
2.0 1,500 4350 5 175 L0 5.2 105 115" &,300 730
3el 2,000 450 o 200 70 %0 115 1.57 11,390 726
5.0 3,500 L70 3 500 75 L.7 135 2e20 16,000 700
1C.0 L0000 450 1€ 300 35 L2 155 3.90 27,000 65
20.0 7,300 450 15 40O 140 L.o 20,0 6. GO 3,000 670
* vesarly pioduction calculated en 300 working cays? basis, threc shifts a day
** informative data only iconsiderable dirferences ars pﬁssiblﬁJ.
)
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mentioned that its surcharge above appro:, 1,&5600 is
definitely advantageous since it centritutes to the refine-
ment of the graphite granularity, thnus increasing the
solidity of the chilled cast-iron. There are other methods,
too, for the regulation of the graphite's crystallization, for
distributing it extremely finely (2.g. treating with ferrous
silicon, ctc.) but this must be worked out in detail in thne
production technelogy.

The steel casting technology has several important differences
from that of the chilled cast-iron. Steel has a higher
melting point than iron. The fusing of the steel takes place
in the above-mentioned electric furnace which kind of furnace
assures the best quality steel.

It is important that the electric arc-furnace must have a
lining of acid reaction, which would prevent the dross,
resulting from the melting of the steel, from sticking;
consequently it is easier to manufacture mouldings in this
kind of furnsce. .

There are several possible working processes for the meltinug
of steel, re. the manufacture of stesel-cast in the electric
furnace, but the relating details must be worked ont in the
production technology.

Meniion must be made of the fact that the rough cast structure
is characterisctic of any kind of steel-cast. In order to
achieve a grain-refinement, the steel~cast must gencrally be
heat-treated. The heat-~-ireatment consists of grain-refining
heatinges ©On the effect of this heating the gr=ins would
become considerably finer and the expansion and shrinking
power of the cast, and even its solidity would increacse,

which is an important standpoint in ihe case of the parts of
agricultural implements, exposed to remarkable attrition and
bearing forcese.

In the case of steel-cast with thinner wall (about 10 mm thick
with 0.1% carkon content), where the micro~structure is not so
rough, owing to the quick coaling down of the thin walled
cant, the heating is generally omissible, but even in this
case the cast must undergo a heat-treatment releasing it fron
the stress and strain.

The casting moulds:

These are the negative forms of the parts of agricultural
implements to be manufactured. They can Le preparecd of sand
or metal. Taking into consideration that in the new agricul=
tural machinery factory proposed for Zambia, the some part
will have to be manufactured by mass production in large
numbers, for several years, it is adviselle to use metal
moulds, in spite of the fac:c that the cost of shaping and
production of the metal mculde is high. The us2 of thege
netal woulds allows a production of larger numbers at a tinme,
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which makes it pay and there is no need ts do the sonntless
operations necessary for the preparation of sand moculds.
Also, the use of metal noulds does net reguire special
qualifications, which is the case when using sand moulds,

When melting grey iron it must also be taken into consider-
ation that tie meta mould conducts the heat more quickly
than the sznd and tlus the material of tihie mould will have an
effect on the texture of the cast. For this reason the
moulds must be lined with fireproof material when casting
grey ircne. The cast can touch the metal mould itself on
places vhere we want to have a firm, cementite-tearing struc-
ture (e.g. the boring of wheel centr=, the supporting surface
of the shifting device for the two-furrow, half-turn plough,
etc.).

On the surface where the contact with the metal mould resultd
in qgicker ccoling down, there will be a firm crust developed,
but the cooling speed of the inner parts is small for ihe
development of grey cast iron by fallout of graphite.

When casting in metal meuld, the surface of the mould, which
is in contact with the cast, must be rubbed with oily
graphite and the cast must be taken out from the mould when
still in light red heat. The further ccoling down nust take
place slowly to let a grey cast iron come into being. This
is very important, especially in the cass of parts of
egricultural machinery,

From the technical point of view these cesting processes are
very advantageous, because the hard surface is wvear-resistipg
while, owing to the inner grey part of it, the cast is not

so brittle, as if it consisted of cast-iron in its full cross-
gcction,

The formation technique of the steel-cast is, in principle, the
sar= as tlhiat of the iron-cast. There are very important
differsnces, however, between the gate-channels, the placing
and size of the cut of the mould,

In order to make casting in metal moulds guicler and more
productive, one mould car. be used for casting simultaneously
geveral, sualler parts of the agricultural machines, In this
casc one gate-channel can be used for one mould, containing
several smaller moulds, The metal is then forwarded by a
ranifying channel system to the individual wmoulds.

As far as the casting.techniques are concerned, it is much
more difficult to make steel~cast, than iron-cast. One of
the difficulties is raised by the higher melting point oi the

stcel, The steel-cast ahrinks more, which should be taken inte

congsideration vhen making the moulds, and precsoutionary
measires must be taken allowing the cast to ghrink without
restraint, etc.

o
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These factors must be emnhasized in order to give an idea of
the necessity eof eusuring a UYNIDO feundry expert for the pericas
when sctting up the feundry and when it starts to function,
for at least one year.

Since I propese the use of metal wmoulds, there is no need to
give details of the techniques and technolegy & uazing sand
mouids, When using sand moulds, vwhich is a cemplicated process
in itself, more space, material and machinery {moulding
machine, mould drying furiiace, etc.) as weli as more manvower
is needed than in the case of metal nmovlds.

c. Auxiliary eguiprent and casting appliances:

For serving, feeding aneé teeming the furnace, a five ton
capacity electric travelling crane is needed in the foundry
workshop. The materials must be transpisrted when stocking,
measuring and portioning. This can be done by magnetic lifter,
mechanically controlled balance conveyance and mechanically
controlled portion collecting convcyance, etc. mounted on
different kinds of cranes.

In the case of the electric arc-furnace with material lifted

‘by bucket, the transport of material can be selved by bucket

transporting conveyance, operated mechanically, by goods 1lift
or by transferable belt-conveyor,

The liguid iron and steel respectively will be drawn off and
teemed into a crucible which can be trangported to the place
of casting Ly a crane equipped with crucil:le fork, The

crucibles are made of steel and lined with refractory matter.

There are different types of equipment for cleaning tlhe caste.

The cast seam ancd the rest of the feed-head can be removed by
compressed air chisel, oxy-acelyl=ne or arc-light cutting

device or by special saw or other equipment., The superficial
cleaning of the cast can be done by different kinds of equipment.
The final decision must be made in the investment plan, on the
basis of the technological plan.

d, Composition of the heat:

For chilled cast iren this will be deternined bty the detailed
technological plan and the production plan respectively.
Nevertheless, wvhen deciding on the location of tlhie proposed
factory at Kebwe, it must he taken into cousideration that the
mines on the Copperbelt, which are relatively near and easily
accessible, appear te be a rather goed source for foundry

and steel scrap, '

Finally, the composition of the required cast must be ensured
by the mixture of crude iron, own and outside caste and steel
scraps available. Only the smaller quantity of rcady-made
alloy can be used expedicntly., The finished casts will have
to undergo e technical control before being used (outside
defects, chemical composition, weight, structure, porosity,

static properties etc.).
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e. Reguirements of constructien:

These arc similar to those of the blacksmith's woerkshop,
with the difference that in front of the melting furnaces
there nust be a {ree piece of ground as well as a separate
area for casting. Iua addition te this, there arec strict
requirements for the storing of the material.

: The melting-shop building must be attached to the store.
The hcight of the building must be greater than that of the
average buildings {similor te the blacksmith!s shop) in crder
: to assure good, natural ventilation (sece illustration), but
the cleaning apparatus for castings must be equipped with a
special aspirator and nust be set up, as far as possible, in
the cutside hall of the foundry.

The flooring of the foundry is stiff clay. The arc-light fur-
nace must be, if possible, at the end of the workshop hall.
Separated by a heat-insulated wall, the transformer, clo 2ing
coil, concenser, etc. of the electrical foundry (re. melting
furnace) are also situated in this part of the workshop Lall,
so that they are easily accessible from outside,

f. Storage of material and equipment:

The raw materials, steel and iron scraps,will be transported

by rail to the proposed Kabwe Agricultural HMachinery Factory,
partly from the poirt of Dar-es-3alaam, via the new Tan-Zam
railvay (presently being bul;t), pertly {rom the Couprerbelt

by the c¢xisting railwaye The unloading will be done by lifting
magnet, mounted eon a crawe-heok, into a covered material

store {of iron or reinforced concrete structure); or inte a
reinfoerced concreie bunker on the surface or sunk into ihe
grounde.

The different kinds of wmaterials must be stored in separate
bunkers, on the basis of the quality certificaie attached to
the consignment, It is important that at least two bunkers
are provided fecr every kind of material so that the materials
in stock can always he used up entirely and Lhe newly-arrived
material riust not be put on the old.

~ It is recommended that the alloys be stored in carefuvlly
senarated dry boxes or cases;

-~ the electrodes of the electric furnaces riust be stoied free
of water and dirt;

- The slagging nediums (limestone, fluorite, mwagnesite, ete. )
should be stored, as far as possible under slielter;

- when storing the cleaning acents (de~oxidizing, de-gasging
unit, protecting =elt, chlorine gss, goduim, etc.) the main

. point is the coqxﬁgtt,aeparation of the difjerent acents ardl

their protection from dirt and the inclemencies of the weather.

= the refractery meteriasl for the arc~furnace znd the casting
’ ladle must be Lkept under cover und weil separated {frow each
other;

- the auxiliaries for the foundry, etc. (toels, werking dresses,
etc.) are kept in a central depot;




- when deciding on the cize of the store-heouse for finished
preoducts, the cuantity of the castings to be stored and the

qduration of storage must he taken into consideration.
g

n
1-
1

Considering that the nroposed Kabwe Agricultvral Machiner:y

Factorv vill have tn cstore ¢ migssioned verlk begides it own

products, separate smpace must be assured for this purpose.
The inner weys of the storehouse will take up abou: 50% of
ths surface. The sgide tirack of the railway will be buili up
to the stores, vith a platferm.

In order to make the hest use of the material hall's space,
eguioped with cranes, the bunkers near the reil-track sheuld

rot be higher than the platform itself, In this way the
distance betwenmn the rail-track and the wall of the burlieir wiil
be reduced to a mininum, It i3 to be recormendsad that the rail-
tracdk te be used for the transport of materials be bHuilt oo

that it can s8crve the stnrehouse for finighed castiinos (vo.

The space between the storing bunkers end the dailv peoriioen
container., as well as between the rail-tracks mus®: be pave
se that public vehicles car also use this space. The
bunker for keeping dust and refuse must be put above ons orf
the side~tracks, posszibly outside the material hall.

On 1m2 of the storehcuse about 1t = casting can be store

on averajges In order teo achiave quick and precise handliny,
the castings should be kept in sheet metal boxes, eguippad with
isj8, so that they can Ve put on each ether by fork-iifi truc.:

Yor informetion, I am giving hers a gummary of figures o ths
storage weiyh*t and higight of the fcundry's raw mnteriels:
Material Specific yravity Height of storage ‘n
' ¢/ in non~ in
mechanized wmechanized
store store
cr.ide iron 3-3.5 1.5 3
czst iron scrap T 2.2,45 1.5 )
steel scrap 1245 1.5 6
own zocrap 1-1.7 ie5 1.5-2
alley 3k 1.5 1.5-3
ceke Dels5~0,50 2 2654
lime<tone 1.5=-1.8 2 J=5
refracting sand 152 2 2=3
cand 1.2 3 5-8
clay 1.5 3 5=8
sawduat G 6 2 3
paat 0.5 H 3
coaldas™ Ce8-0,9 2 3
slag 1.6~1.8 2 3.5
asih, flue-dust C.7 2 S5e5

-~

V#/C., Other workshops

1 have put dowm all thece details sn the abeve werkshops
because they are the uost impoeviant ones,

Tt ip prepesed thatv a)ll tha etner wuyrksheps be specified in
the Peasibility Study.

o ———
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Alacksmith shop

Small foundry

Transitionzl store for the cold workshap
Chipping and joint screw shop

Heat treating and edging shop

Cold stamping and plate shop

Welding shop '

Locksmith shop

Assembly shop, quality and production control
Painting shop )

Spare parts' store, Jjoint screw packing
Finished goods’ and commission work stare
Combustion and foundry refuse

Chipping and plate scrap

Raw material supply, outdoor stores

sales, Mamboard, spare parts’ transport to Rucom workshops
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Conclusion

tfter having finished and studied such a report, the question
ie raised in almost every case, whether the development of
agriculture is effective or not?

As a matter of fact, it cannot be a determirant principle to
produce only what is needed by a subsistance family itself
(more than half of Zambia's population are subsistence favmers)
iees to produce the minimum necessary for existenca.

Zranbian agriculture cannot meet the requirements ang fulfil
its obligations for development if it does not in<rease its
effectiveness, i.e. if the majority of the population does not
change from subsistence farming into emergent farming, etc.
All the possibilities are given for this change, the country
having favourable climate and sufficient raii.

In order tc¢ meke use of these favourable conditions, more gnd
up~-to-date hand-tools and oxecn-drawn implciients are required.
Tuis means trhoat agriculture cannot develop unless several
branches of industiry provide it with sufficicent good quality
and cheap inplementse In order to meet these roquirements,
the firsi step isa to set up a new Agricultural Machinery
Factory iun Zambia,

laving arrived at this concludisn and made ny propoeals for
its practical implementation, ' wish success and good results,
I bope my study will be put to good use and ensure an inproved
livelihocd and prorperity for all the peoplc of the Zambian
nation,

—
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