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INTRODUCTION:

Zinbabwe i2 a country situated on the central plzteau of Southexn Africa.
The ‘country lies between 17° and 23° scuth 6f the equator. Most of the
country lies at a reasonable altitude above sea level varying in the main
between 500 and 1 400 metres. It is for this reasom that the rigours of
a tropical climate are less harsh for, despite beirg in the tropics, the
climate generally is closer to sub-tropical. '

Zimbabwe is a land~-locked country of some 39 000 km2 in extent. The

nearest outlet to the sea is the port of Beira in Mozambique which is over
200 kn in the east. There is a period of four months from November to
Fobruary when there is strong solar heatihg of the atmosphere., Rain falls
from November to mid March in the northern half of the country and from

late Kovenbexr to early March in the areas of lower altitudes to the South.
Rain falls generally in relatively intense storms, usually after midday,

and there are fairly long, hot, dry sunny days betweenctorms. The prevailing
wind throughout the year is from the east and the warm waters of the
Mozambique Channel form an important source of moisture. Another source

of moisture is the so-called Congo Air which {8 formed in the south east
Atlantic and when this air meete colder sir fxom the south east rain due

to this convergence can give whnole days or lonse~ of contimious precipitation.
This rainfall rarely moves to the south of the main watershed which runms
from the scuth west to the north east. Ooctober, before the start of the
rains, is the hottest month, In this month the mean temperature at Buffalo
Range (420m} 1e about 32,5°C vhilst that at Inyauga (1 870 m) is 21,3°C.
Thus altitude has a conciderable effect on the temperature,
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The industry in Zimbcbwe is relativel eophisticated compared with moet
ocountries in Easterr and Southern Africa., Zimbadbwe is fortunate in having
ample supplies of iromn ore, coal, electricity, and steel is comparatively
cheap and in plertiful supply.

Local industry is capable of producing good quality engirsering products,

but generally most manufacturers do not have the facilities for research

and development of agriocultural machinery. It is therefore important that
the engineers availadble at The Institute of Agricultural Engineering and

the munufacturers work as a team, anl this has been the policy of the
Institute and many of the mamufacturers for the past 15 years. Currently

the Institute has a very good working relationship with mam’ icturers and
several cf the experimental machines developed at the Institute related to
Tillage Systems have been in local production almost as soon as the
development work has becn completed. On other occasions where the manmu-
facturers have had past experience, they have produced proto-types of
machinery whioch the Institute have tested. Another method which was a
follow~up of a detailed om cart survey (see appendix) was an invitition

to local mamufacturers of ox carts to subdbmit them for a competitive test

on certain performance criteria, The results of these tests are shown

in the appendix., The ultimate result of the ox c¢art projeot was not as
esuccesslul as it should have been mainly due to factore related to wnsuitaklc
enles and service facilities together with a lack »f manufacturing facilities
in rural areas by the local "Blacksmith" type of organisation,

A further approach whichipe been successful when enough information is
known about particular requirements of a specifioc operation is a competition
with detailed perfecrmance specifications, when manufaocturers are invited

to produce sampins of their designs which are then t~ated competitively

to ascertain which machine is nf the most satisfaotory design. 7Ihe wimner
of this competition is then presented with a silver or goldhedal togethex
with appropriate publicity which is a major sales promotion aid. This
syastom has worked successfully with ox-ploughs, ox-rippers, and traotor
reversible disc plough.s,

A1l these methods of developing new machinery in Zimbabwe have merit, c.g.
the Commoroial incentiva method generully works with the commersial seotor,
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and the "Medal® approach vhere the marm€aoturer hopes that the publicity
aocompanying the award will ensure commercipl wiability, which of course

is essential for their survival, anr,.u ﬂzo'mhinery gets more
sophisticated more problems arise, e.g. in the oase of the planter competition
we ocould not get a really cheap and efficient unit bdecause production of
several thousand units would have to be assured bdfcre the investment
necessary could be jJustified, and in Zimbabwe alone this figure would not

be reached for some considerable time. The solution to this type of problem
is such more difficult to solve, poesibly some form of regional or inter-
national competition with somé arrangement tv supply kits in different

stages depending on the country requiring planters, A« far as Zimbabwe

is coacerned we would only need possibly the planter plates or other
precision mass produced components.

”

Gensrally new types of equipment and eystems for the commarcisl sector

- are igplemenied far quicker than on the peasant sector where consideradble

extension effort is necessary to get even a moderzic response, e.g. within

3 years of finalising the reversible disc plough competition 404 of the

land on commercial farms was ploughed with Reversible disc ploughs. Although
there was only one winner of the competition there were 3 local entrants
vho are now all in production and, with the improvements of the non winners,
they are all very competitive with the winning plough whioch has also had
several design improvements over the past few years.

The effect on crop production, particularly in the peasant sector with
utilization of improved and efficient labour saving techniques, togetner
with the equipment to enable a faxrmer to utilize these techniques has been
very bensficial and in some areas the average yield has been increased hy
over 100% from an average of 1 tonne per hectare to ov;ar 2 tonnes per
hectare, and this is with very little or no more, physical effort tham
previously. However, the development of techniques and the production of
machinery is only part of this development and it must be accompanied by
major extension 7ffort to be effgotive, particularly in peasant areas,

DISCUSSION

It may seem that a competition for a perticular plece of machinory {e
an easy way to produce it, but in feot a considerable smount of work
needs to be done before the oompaition can be leunched and a conaiderable
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amount more needs to be done during the testing programme. However, it
does mean that the Manmufacturer/Designer is also working under pressure

to obtain the winning machine., The final result is therefore likely

to be more satisfactery than trying to design, develop and get manufaotured
a piece of machinery at a reasonable price than trying to do it as a
Government projeot, and then get it made on a contract basis, Oue of

the problems trying to get a specifio design manufactured is that some
local manufacturers may have good foundry faecilities and others may have
good preesing facilities and the most economic design would therefore
depend on the facilitiee that a particular manufaciur-er has.

Whichevexr method 18 chosen to stimulate the manufacture of Agricultural
Machinery in Africa, success will depend to a largo extent on the
enthusiaesm and both quality and quantity of effort the Engineers and
Technicians are sble to provide.

Details of the various competitions and investigations are shown in the
appendix as followes-

1) Report on Investigations on ox carts in peasant areas.

2)  Photostat copy of the Silver Medal Competition 31lst March, 1970.

3)  Photostat copy of the Silver Medal Single Furrow Ox Plough
competition June, 1971,

4)  Imtroduction to test Programme
5)  Test Results.
6) Competition for Tractor Drawn Reversible Dise.Plougli 31st March, 1973

7 Test Results and Silver Medal Winner.
8 The Whitsun Cold lfedal Competition for an improved animal drawn
planter fertilizer unit. (Photostated),

9) Test Results of above,
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- HEPORT ON INVESTIGATION OHf SCOTCH CARTS IN -
s : AFRICAN AREAS

v ———

1. Aim
~ :_-,.,"f RN To find out (at the roguest of the Ministry of Internal Affa.lrs)
' B - the major w2alneeses of scotchcerts (particularly professionally
. . pmanufactured ones) and how these can be most casily . overcome.

T~ 2. Meothod of Investigation

(a) 4 aurveg'r was conducted by the E/A's manning mobile cx-drawn -
. Training Uni‘s in the 5 Provinces, Lashonaland North and South, Victoria,
l&atabeleland, Midlands, in Tribel Trust Arcaos.

Over a period of 2% months a questionna.ue wes complcted for
each group (roughly 12) attending a traiming course. The farmers’
complainte, comments and suggestions were elso asked for.

(b) Verious carts, including two designed end onilt at Demboshsve,
- in the light of ths results of the survcy, were subjec#ed to e road test.

) : } (o) Certs which proved ea.biafactdry on tho road test are sent
(e ot to our Tield Training Units for fisld evaluation. .

SR o “'3. Results of Survey .

~

C A table of results Provincc by Provmce is ettached. (See -
gﬁ(\.- - Appendix A.) S S

Tha following svmmary of thia te.b"e 1ndicatea somo interostm,
information: - :

C LT TOTAL NUMEER PERCENTAGE PERCENTAGE  PERCELTAGE PmCE‘”mv
- ..7 - " FARERS  OF CRTS HOME WITH OF 4 TON OF 1 TON
O .+ QUESTIORED OWWED BUILT PREUMATIC CAPACITY CAPACTTY

1,412 687 48 67 45 48

N P —— i M a A W

The main complairta wore:

y ' (2) On carts with plein whael bearings these bearings wore very
quicklv teo tho point whore thero wos sufficient slack to allow the whoel to
scrape tho sid2g of thu carte.

(b) "O" bolts fastening body .o axle were constontly worldng lcoso
ond breaking.

(¢) Somo nakers used ocft weod for tha bodywork.
- " (d) Somo carta woro ro.ated on 0ld cer axles which rea on 19"
. . _ . whoole ond these tyxes wer. very difficult to obtein.

Thors wors many morn complodnte which occurred lesn frequently

throvrhool Lhe eovver, for oinnrlos
e/




" the situation in
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Disselbcom (drambar) cemnoction to body too weal.

Brakes did not work.

Spokes of steel wheels break, usually at tle weld.
Too low a cleerence under axles.

Walding insufficiently strong. )

Sano bodias were too shallow.
Tyre lovers, spanners etc. were not supplied with the cart.

4. Discussion of Hesul;s

: The table in Section 3 abovo showg that a.lmoet 5055 of the
famera questionad wore owmers of carts and also nea.rly 50‘75 of the carte

wore home btuilt.

-

' aat the results of the survey ca.n bé taken as repmaentiug
.2 whole country then rcughly 200,000 certs sre in use
The remaining 200,000 ploiaolders vho do not om

Assuring

at the present time.

'carts aro probebl, y using aleighe for a lot of their tranaport.

0f the 200,000 carts in use, nppmx:lm.ateiy 100, 000 heve been
loc.ally built in the Tribal Aroces. ) _

The worlang 1ife of a scoichcart is- :ln ‘the region of 5 to 1C

yea.re,' before replacemont is necessary. This means that 10,000 to 20,0n0
- carte are built locally every yéax. _ N

" A% en avorage figure of £30 per cart, tho rosult ia a £300 0Co to :
'£600,000 homo inductry. ' » , v

‘ - Considering population incrcess and *he fact that them aro still
about 50% non owners, this can only be an expandmg industry.

.5; -Discussion of Comploints

' dn tho Harold Poole caris, with plein nneol beerings, theic is
‘avedlablo, at a cost of 6/-, o bush for the whcel. Tho makers offer to
it these bushes at no charge to the ownor for labour. Remoteness end

- difficulty of trensport precluds meny omors from takdng adventege of

this service, but it seems that very few of ther ere even evere that busheu

-

- are available, . ,
. . . -

" If thess bushes were rseneved when nccek..‘u.ry the biggest compleint
about these carts would be remcved. Tha menufacturers press the bushes

" in and out, but if a cor-ectly matching drift wora supplied with cach cert

tho farzer could then do the jobt himself - or certainly the local garege
could do it, provided tho drift. (Tho estabdlishient of reliable local
agents woulid help 10 provide a wors oasily avallabis servieing ond sparos

organisation}. . .
: It r*ould seem from the data collacted tho.t I eutisfectory scotch~
cart should consist of L . .
. Enclosed bearings.
, A deoop body.
Hard wood construction.

Stenderd size pnoumetic.tyros (or semi solid +ype) . .
A sirplo and effective braldig mochanism

. ‘A geod ground clearanco,

With wpocial attontion during construction being paid to ¢

Mapelbocn fautening.
zody to sxlo clamping bolis.

V ]d,mb.

And tho provmion of aufficiont toole anu ecccaaories to meintain

the unit,

a3/ “




: pulling two carts at onces

T Reté.il price ¢, £20

6+ Porformence Criterig o : -

The following ctandords are assumedt
(o) Tho cart should last the Oquiv‘.lont of ct lcaat ome yeor
without failure due to normal woar and tear, (et an
ostimatod 1000 miles/yocr . o
(b)) It ahould carry & load of 1000 lbg. minimum.

(¢) It chould bo saticfactory for use on tarred roads as well
&8 unmado roads.

T+ Doteils of Roo.cl Test - ) ._f.

Tho test congists of running the carts over tvp1c‘.1 T.T.L. roads

1oad'ed with o sinimm of 1000 1bs. of baggod sand.

" Oxen are \med when possible, also a tractor mmung at 2 m.p.h.

. .'E
AN

. A constant check is madc on miloc.gc and timo takcn, .md notcs
aro made of -any failures or changes as they occur. . The me.nufncturcr is

_infomed of any breakdown or weaknoss o3 it occurCe.

Poggo ence_pnd §p_ g ggatiOQ of Individuol Carts (For summary 800
- Appondix, c)

(1) 'Eairthwork Contrag_tors' pmtotnel (Pluto 1)

Sprcifications , - -0 N

Dock & Sides 1 5' x 4' prossed stsel 16 geuge unit construction
C _ 18" deep, hipged tail ‘gate. -

Waocls & Axles: Wheele, fa.bncated rubbcr tyrcs on apoked huba.

Bearings plain stéel, oteel in wood, end bzll
boaring at .various times.

‘ Performance: T -

: ' Tho road test startod on July 1llth with steel exles and plain '

ateol hubs on both 7hecels, one greased and one ungmased.

" The un-greesed axle lasted only 16 miles bofore 1t v:ro.s too worn

" to continue usin.g, end vas replaced by an identical hoaring which wes given

one hand groasing only for the duratior of tho test. This bearing tegon
to wear raopidly cfter 80 miles, but the tyro failed beforo the beering won

quite useless.

A woodnn bush on a steel axle with 1nitiu.1 greasing only ves
‘beglnning to show elight wear after 30 miles. The woar rote was very
slow up to 74 miles vhen tho tyre failed, stopping the test. . diven adequato
gressing this wooden bush would last quite well. .

. Sixty miles after starting the test the rxle ends, outside tho
box mountings, hud bogan to oend upwerds.

Tho limiting factor up to now, epart from plein steel axlos and
hubs vhich will be ungatiofectory unlosa constant lubrication is onsuraed,
hns teon the tyros, and since theso ero an inteogral part of the wheol and
hub, i1t is impoasiblo to continuc toating once thay 1‘411.

It is my opinion thnt an 1t atcndn ot procont tni" cart is not
yal o sound proposition, certeinly no better rnd probably sorso than
existing avedlobio c-rvia, Vith tho right relifieations it could, heucver,
provo to bo vy wvernivhilo.

..4/‘-.
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Modi fications should includo:

Satisfactory wheel bearings.
. Stronger axle.
" Heavier gaugo flocr sheeting.
Improved tyres.

(41) Domboshawe prototypet (Plate 2)

Bregafications
. ‘Dock . 8 6'x4! etoel-over-woad, 2" x 2" x 3/16" .
S anglo iron framo. .
' Sides t Wooden, 3" x 1" eo.liguu. planka. 150 high,

- strokod into deck peckats, co'npletely end
individually mmovable. :

Axloe & Whoele ¢ Car front stub axlee, connectod by engle
. , iron (or pipe) exle, welded, conventional
- A . pueumatic tyrea 590 x 15,

Cost of ] N
"malerinls ) L. E I
only "8 £19 = nll materiale costed at full reteil price.
Pexrformance s ' '
This cart is running on socond-hand car tront stud uxlos and
: ordinary car tyres, . .
. No failv:ces have occurred to date ofter 210 miles on the roed
‘test. .
o This cnrt hnu now boon sent into Chimmora T.ToLs for woo by a
plotholdor as pcn:t of ite fiold tcating, v
L (44) 'Plent Madntopence! - Gronds 1 (Plato n
o ﬁggcii‘__imtiom ,
s :‘w\

‘Dock & Sidos 1 4' x 3'5"' x 14" unit constructicn, shoct .
C ) steol on 1" x 1" pnglo iron framc.

Theols & Axleos 14" x 4'8" (vheolbarrow) vhoola, necdle _
. . - roller beoxrings. . _ ,

Potedl pricé s £330

_ Performance!

This is a production wodcl ea for as I con mzﬁco out, and the

‘mamifacturers heve informod mo thot it was designed to carry 1000 lba.

After 10 miles on tho road test the tyros (solid zubber on split
rims) wcre noticed to have become locse fitting on the rims. Thia
condition prog;cos';od fairly repidly,

. One whoel rim come apa.rt complotoly at 36 miloo. Penel bocting
end wol ding was nocessaxy *o get it beck on the roed.

Dunlcpo raximum load reting for this 14" by 4.8 tyro is slightly
over 400 lba. ‘ )

At 42 milos tho body work bogan to crack nt'ntrons points.
Road tentlne~ wnn otopped rt 49 milca.
Thin cnrt i6 pot suftablo for corryinn 10G0 1bg. end certealn'y

not for rongh rosdae Mo Acabt A b cneppiriention for muach lonter
L/
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- loeds on reusunable road surfhcos.

 (4v) P»_,g;bou mgggg_ig Q"otot'[_g (Ploto 4)
" Spe g;lficatiom - :

Deck & Sides. 8 5' x4'x 12’-"
. . 4" Wood (pino) planks in 2" a.ngle iron framo
unit ccnstruction. Removeble toil gate.

Wheols & Axle 3 Steol spoked wheels 30Y giem. 4" width
: L Nylon bushes on steel axle.

3

" . Parformapcos

This cart has completod 320 milos cn the road test aatlsfaotorily
end tho tost is continuing but with 25% increeso in locd for & poricd of

- 100 milog if still eatmfsctory an e4dd viomd 23,1_ increeso will bo made for
a furthor 100 milos. . ] : .

‘

Some minor breakages, include tho hitching eya on the end of

- Qhe disselboom and the floor bracing which rcqpired strengthcning.

‘l‘ho wooden ﬂooz is not motal covored and tlus wcvuld :lnevitcbly
fa:ll in pructico. . ST :

The s:.das aro bolted to thc angle izon freme so are not easily

"‘he main feature of thie ca.rt is the type of beunng w}uch if

' proved sctisfoctory will be a promiaing substituto for the mcmually

lwricateod plain or roller beoxing, -~

Tho mckers are modifying the steci wh"ols, nL.ld.ng a curvod

' ..f.instaﬁd of 3 flet tyro.

(v) ﬁ_mo.c Engneor (Plats 5, 6 and 7)

' Theno certs wera inspected independently in Fort Victori.. by the

’ Senior Agr:.cultura.l Engmacr vhose r"port is quoted in full: )

"Tha renge o“ 0x Cortso produccd by Ninac Engineenng as

: -"-shon in the attoched loaflet, end the emallcr cne known as tho 'slay

slay' s shown in the attached photogrephs. All the cheaper range
have ».lain whc~i beerings and nced to te lubricated. Exmerienco has
shotm on tho teats that we have coxricd out ot Dembeshewe that ordinery
pledn beerings, o8 fitted to these machines,’amm not sctisfactory and

-without caro will. lagt for only a fow hundred miles. In fact, scme of

the ox carts witl. plein bearings have already been returnod to Nimoc

- Englneering with “earinga that vworo boyond rupair. It is, of coursn,

impossible to sotimato the mileego that their carts have performed, but
thore is no roasen to supposo that this would bo any greater than thot
experienced by oursolves with eimilar boq:inma."

4

. Nona of thesa carts have beon teatod c.t Dombosho.wa..
9. Concluaionst

). Tho moot.patisfactory now beniing' 80 far is the Purcoll
Enginooring type. Although old ccxr boarings if woll adiustod, menlod

" -and pgreaged dnitially are quite satisfactory. - .

2. Body siza of 5' x 4' 1u anplo for the 5 bzg enrt. Sidea,
of the removable type, are proferrcds A otool covercd deck will lest
bottor and givo lcas trouble than o woodon deck.

3¢ Providad tho draught ia teken frem the axle, bedy~-to-oxle
reuntings choudd ive no freuble,

;
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4. Invastigation into altcrnative tyre equivment to 2nd
hand cer tyres continues. Enquirics hevo boefi and aro still being
~ pmedo with overseas tyme and foan filling manufecturers, but as yot no
. roliable altcrnative has boon brought to cuxr attention.

5. The pladn otoel bushed ty-p‘. of bearing is unsa.tiefactory,
particula.rly if left unsoaled.

6‘

This type or toating ond devalopmont work is nacoaearily
K tithout it beconing unrealistic.

’ - - .
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e - T e lgs ouvER L -
C e &to Lor; Officor - Form ‘{achmnm Trainig
P L _ fort Diractor of Ccnservatn n end Txtencion
: - . : A S TN
; ENG/55/60/¢S/20B/26/1/70~COPY :
i U
[ I B ?
;, ". 1
g’ ' :; e ' ! )
. -
. :
. / - '
L' - . ) -

-8 fairly slow process end is impossible to speed up to any groe.t extert )
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PRELIXINARY SURVEY OF SCOLH CARTS IN AFRICAN AREAS
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tidl ands - 33 )4 T122 1 614 | 201 58 | 132 i1 641 114 | 2 - | 554 6| 8
= . e e =

AL 144 § 60 10 331 107 35 48%) 687 196 | 458 28 3091 330 | 42 - |1412 49%

Cenduuted by Conex Enginecring Branch Mobile Training Units - July/august, 1968 : ‘

“-/55/mc/as/2os/26/1/7o— Copy. ~ * . oo " L



AFPRIIDIX C

- a——

LR W —...--r-...-..-..-n.

\

N

REPORT ON INVESTIZLTICH INTO SCUTCH CaRT3 IN ASRICAN ARBAS
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ARY GF RT3ULTS OF ROAD TESTS

i

GEHERAL ' !
. &

: )

.

e G M -\ o . s e . g .-—.--i

Th: tedy n:.d not
bs sc lerz. fer a
5 baz capacity.

Gin.rally cciislactery,
S:nt ler Ci:1d tustino,

-— . — —

-~ amm o —— e

}iseds major
modificaticn.

T S T T e
CaRT 1 ICTAL | 1¥AES 1} BELRINGS BODY

v NLIES { o S

! COVZED - :

- — ~ -—— --%-.— v et b he ea e e - ——— ....4........_.4—“..»...1 . e e e m e v s ,..._.._-.....J
Jcobeshawe i ~t .2nd hend car (.. | _2nd hend car stub .. ; . St2:1 dacked., Woodsn
Prototyps . 210 -t tyrzs. o troubly - ) axl:s. Lo .trowkls. (- sidvs, Wo troubls

: T T " oo i Rethsr hwavy end’

! 1 i ' | e

; ! : !

————— ....r...._ e e a— — o e e e e o e e e e e
2erth work ! Fabriczizd Syre 3 tyrea tzastsd. § Presszd sts:l
Ccniactors 134 .+ ssctione., ' t ° Plain stz,l bush -~ | Flocr should be hsavi:r

' | Unsetisfactory ! - unsatisfactory. - ! Sid:s stould be re-
b Wood=zn bush) T2s% in- ! . movabla, _
- Q ccmpl-te, ! e C
Ball bearings) dus to |
_ tyrs failurs. | .

— . —— et }
!

!

D e e DL L T T I TY P P i
.

N\ o

) ' ] - T
s Piart 49 Inad:.quets for : _Rolisr Learings. © Shs2t matel on f D.sirn:d for donkey :
licipiznance. loeds dh:-ltarrew Wo trcuble, angls ircn. Not sbroag I arcuznt, May o !
i ’ Whz:1ls, . e . - enough, : S ' sdtebls cn gocd ol ;
v A with light.z locdz, !
i e - - re [, —— s e - i
' : _ S i
Purcs-11 Ste21 wheils . . No troubls so far.- , ! Wood in an3zls iron G:nerczlly satfizfacltery |
Erginearing 320 30" diam, 4% wids i Noisy. i Tr ams . N ¢ lawds minor rodifi- :
No trcuble so far. f ‘ Eottom ny:ds { cation,Psst ontirusz, |
S . B ‘ 1 L . strepgthining. i .
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