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AGRICULTURAL EQUIPMENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 

No. 4 

"KABANYOLO" TQOLBAR 



DEVELOPED BY: 

"KABANYC~JP OX TCOLFRAME 

Based on the 'YNIBAR" developed and made by A.R. STOKES, 
Froject Equipent Ltd., Newton Tony. Salisbury, U.K., with 
Local modifications by L.J. Clarke, Makerern University, 
U&i&3. 

DESCRIlTP:ON: 

KEY: - 

ITEM XA __ 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

M 

MAIN FRAME 

REAR CHANNEL 
SECTION 

SIDE PIEC!,; 

FRoNr CHAtiNFA 
SECTION 

RANDLE SIDE 
PIECE 

HANCLS BRACE 

HANDLE BRACE 

YANDL?: SIDE 
BRACE 

SliID CLAMP 

SKID 

STEN aRACKhT 

PLOUGH STEM 

This multi-purpose toolframe is shown in plan and side 
views with a plough stem attached.. When fitted with the 
V' frame it can be used as an adjustable-width J-tine 
cultivato.r/weeder. 

The toolframe is fabricated from mild steel flat, pipe, bar, 
channel, angle and box section materials. A simple skid 
is used instead of a depth wheel. 

Note: - Figures in brackets are in millinetros. 

guANTITY 

1 

1 

2 

1 

2 

1 

1 

2 

1 

I 

1 

1 

ITF. DESCPIPTIOIU -.--- 

Of &$$I (63) internal diameter, 2" (6.3) thick 
wall uild steel pipe, 38'1 (965) long. 

Of 3" x 1;" x 2'. (76 x $3 x 6.j) mad itra.l 
channel section. 7" (178) lwg. 

Of 2" x 8" (51 x 9.5) flat mild steel, 15" 
(341) long. 

Of 1" x i" (25 x 9.5) flat sild steel, 1:" 
(330) long. 

Of 1" x gv (25 x 4.5) fiat rnil,i steel, 9" 
(220) long. 

Of 1" x 6" (,?5 x ?.s> flat milt steel, 4~" 
(114) long. 

Of 1" (25) inter%1 dismeter pi,pe, 4" (102: 
long. 

Df 1" (2;) diameter n;ild stop; r:::iw 'bar, 25" 
(635) long. 

Of 2" x 2" x $" (51 x 51 x 9.5) mild steel 
angle, 6" (152) long. 

Of 2;" x 2" (6: x ipj flat mild steel. lS+ll 
(47C) long. 



N pL9uoH sTw/ 2 
CENTRE TINE 
BOLT 

P SIDE TIM 2 

B SIDE TINE CLAMP 2 

R BOLT HOLE 1 per tine 

S ‘Y’ FRAME 

T CENTRE TIhi 

\ u CEKTRE TINE 
RRACKXT 

V BOLT HOLE 

W HITCH ASSEMBLY 
- 

X HITCR PIN 

Y HITCH HOCK 

a HITCH PI'JOl 
PIECE 

5" (16) diameter mild steel bolt, lJr* (38) 
or 3$' (89) long ~6 required. 

Make one left hand tine and one right hand 
tine. use ShWK.3 of choice. 

Each made from two 3" (76) length piems 
Of &" x 4.v .& $1 (63 x 65 x 6.3) angle iron 
of SectiOn dimen%ionS to ensure a sliding 
fit on tte 1." frame. 

#" (9.5) diameter hole drilled through tine 
foot for share attaci!ment bolt. Tine of l$" 
x $1 !38 x 19) rectangular section mild 
steel. 

Fade of 2" x 2" Y 2" (51 x 51 x f) square 
hollow section mild steel, two 2" (16) 
diameter holes dr-illed through t.lie front end 
for boltin&: to item B. 

When used with th@ 'Y' frame the cestre tine 
is attached to the main frame by two 3" 
(16) diameter bolts @' (89) long. 

Of 2" x 2" x 6" (51 x 51 x 9.5) mild steel 
iulgie, 611 (152) long. 

4" (9.5) diameter hole drilled through tine 
foot for share attachment bolt. Tine of 
13" x 9 (34 x 19) rectanrrular section mild 
steel. 

Made of mild steel, hitch height adjustment 
pro-dided by holes in front channel section 
(item D). 

Of all (19) diameter rilC steel round bar. 

t&de of 2" (16) diameter mild steel round 
bar. 

Welded to hitch book, each of %;I1 x l&l' x &$ 
(6.3 x 32 x 9.5) flat mild steel. 
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AGRICULTURAL EQUIPMENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 

"CHITEDZE RIDGEMASTER" 
TOOLBAR 



‘. 

,,* a 

lsvELom BY: G.D. Horspool, Chitedme Agricultural Research Station, 
blalfi . 

DESCRIFTION: This multi-purpose toolbe is shove in side end plea views 
with,6 plough body attached, but & ridger or cultivator 
can also be fitted to the v6rtical beam. 

The uniqpre design feature of thih toolbar is that it 
combinee lightness with adequate structural strength, the 
main parts being fabricated from rectangular hollow section 
(R.H.S.) mild steel. 

Note: - Figures in bracket6 ere in millimetres. 

Km 1: 

ITEX - 

A 

B 

C 

D 

B 

F 

G 

x 

J 

K 

L 

NAM?4 QUANTITY ITFit DESCRIPIXON 

HAKE PLATE 

CSNTRE HIWH 

HORIZONTAL BEAM 

UHSSL-Y 

vxzT1cAL SEAM 

HANDLS STAY 

!IANDLs 

HITCH ASSEMBLY 

wHEm 

BOLT HOLES 

BSLT HOLES 

Plate of t" x 12" (6.3 x 38 x 38s) mild steel 
at@16 iron, pact.9 a and b cut off and MLd6d 
on top, with plate support of 2" x 1" 
60 x 25) R.H.S. steel. 

Tw *ecee of 2'9 x 1" (5x3 x 3) R.H.S. 
welded together at right angles. 

Each of 2" x 1" (50 x 25) R.H.S. steel. 

Of 2" x 1" (50 x 25) R.H.S. ateel welded to 
2" x 8' (50 x 6.3) 'U' shaped wheel support. 

Made from two pieces of C** x 1" (50 x 25) 
R.H.S. steel velded together. 

Ea&,of 1" x $I (25 x 6.3) section mild 
steel. 

Each of l@ x 4/16” (32 x 8) section mild 
steel 

Of j" (16) di6meter mild steel rod. 

7” (178) diameter cast iron wheel running 
on bush of 9/l6” (14) internal diameter 
and $#I (i2.5) diameter bolt. 

All bolt hole6 in R.H.S. steel formed by 
drilling 1" (25) through R.H.S., ,inserting 
bush of 1" (25) outside diameter x 3,461 
(5) thick v&l mild steel tube. welding into 
position and grinding flush. 

Formed by welding 1" (25) outside diameter 
K 3/l@ (5) thick wall mild steel tube into 
position. 



n 

Km 2: 

ITW - 

N 

b:! 

B2 

L2 

P 

Q 

R 

R.H.S. CAPPING All open end8 of R.H.S. steel capped with 
iv x 1" (3 x 25) mild steel flat, welded 
and ground to a bwel edge. 

NAME - 

"CRITNDZE" MK III 
T.TOLBAR 

HAKEPLATS 

ITEM DESCRPI'ION 

View showing design modifications and parts 
of cultivator attachment. 

Plate made of 3" (12.5) thick fiat mild 
steel instead of angle iron. 

CNNTRN BITCH 

BOLT HOLES 

CULTIVATOR NAIN 
FRAMS 

CULTIVA'IYR TINE 
BAR 

CULTIVATOR TINE3 

Made of one piece of 2" x 1" (50 x 25) R.B.S. 
8t661. 

+'I (12.5) diameter bolt holes drilled 
through 4" (9.5) thick flat mild steel 
welded to horizontal beams. 

Made of 2" x 1" (50 x 25) R.H.S. steel. 

Made of 2" x 1" (50 x 25) R.H.S. steel, 18" 
(457) long. 

Fabricated of mild steel for front or rear 
fitting BB required. 



a 
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,::,:: “pi’:,“,, ‘AG;,C’;iiGRAi EU&&NT ANO TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTlON 

1 No. 6 

PROTOTYPE MULTI-PURPOSE 
OX-DRAWN TOOL 



DESCRIPI'ION: This tool was one of a series built by the engineer, Mr. A.R. 
Stokes, in a research programme aimed at assisting the small 
farmers who grow their crops on ridges in Northern Nigeria. 

The share is adjustable to allow different soil cultivation 
operations to be carried out. In the design shown, the 
share angle settings obtainable with the beam horizontal are 
4oc, 55'. 70' and 85' approximately. 

brt’: :;:y x:::.‘~~:-::-i:~,, i/;, ,,,:: ,, ~: ,-:,:“,: : ,,, :, ,, 
‘, ,: ,,,, ,: ,’ ,, PRCYl'OTYPE~MULTI~PURPOSE ,0X-DRAWN TOOL': 

,,,::, '~:,,, 
"" " DEVELOPED BY: A.R. Stokes, Northern Region Research Station, Samaru, 

Nigeria. 

KEY: - 

ITEM - 

A 

B 

c 

D 

E 

F 

a 

H 

J 

K 

L 

M 

N 

-P 

On the comparatively heavy soils at Ssmaru, the multi-purpose 
share was used for ridging, splitting ridges, cross-tying, 
weeding and breaking capped soil in the furrows. The tool 
frame was designed with an offset beani to avoid blockage when 
lifting groundnuts. 

This tool was a prototype but does show a considerable amount 
of ingenuity, and the fabrication methods illustrated shcu:.d 
be of value to field extension personnel in promoting various 
ideas on local construction of agricultural equipment to 
aesist farmers in developing areas. 

Note: - figures in brackets are in millimetres. 

1TU.l DESCRIPTION 

Multi-purpase share cut from an old plough disc. 

Main beam of li-1 (32) comical bore pipe, the front.end af the 
pipe flattened to facilitate fitting the hitch bracket. 

Rear view of the tool showing the offeet beam. 

Rear brace piece of $' (19) nominal bore pipe. 

Handles and auxiliary frame pieces of 1" (25) nominal bore pipe. 

Handle-height adjustment clamp bolts. 

Handle bar clamp sleeves of l$ (32) nominal bore pipe. 

Hitch brackets made of $I' (9.5) thick mild steel, bolted 
together through the main beam. 

Share attachment plate of it' (6.3) thick mild steel. 

Share plate support of &I (12.5) thick mild steel, witn $" 
(12.9) diameter k!@s for adjusting angle of share. 

Rudder support made from two pieces of 1" x 1" x d" (25 x 
25 x 3) mild steel angle. 

Rudder of j/l611 (5) thick steel, secured with &I (9.5) 
diameter bolts. 

Seam attachment plate of 3" (12.5) thick mild steel. 

Rear/side view of tool showing tte share assembly. 

3o1ts of p (12.9 diameter for securing beam attachment plnte. 
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A project of Volunteers in Asia 

-!l!w Designs 
ITBC Agricultural Equipment 

Published by : 
Intermediate Technology 
9 King Street 
London wCZB 0BN 
United Kingdom 

and Tools NO. 10 

Publications, Ltd. 

Paper copies are 0.80 British pounds. 

Available from: 
Intermediate Technology Publications, Ltd. 
8 King Street 
London WCZE 8RN 
United Kingdom 

Reproduced by permission of Intermediate 
Technology Publications, Ltd. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions as those 
of the original document. 



No. 10 

AGRICULTURAL EQUIPMENT 

AND TOOLS FOR FARMERS 

DESIGNED FOR WZAL CONSTRUCTION 



DF?fELOFZD BY: 

DSSCRIPl!ION: 

Type 

CLOD CRUSHERS ( TWO DESIGNS ) 

R.B. BXOCKBANK, Bunda College of Agriculture, Malawi. 

These two simple and cheaply-constructed implements 
are used for reducing the size of clods in cultivated 
land prior to ridging up the soil. They are made 
principally of 'gum* (Eucalyptus species) poles. 

The roller gangs are built up from short pieces of 
pole, each drilled and grooved so that when fitted 
onto the steel bar axle they rest at an angle of 
approximately 60’ to each other. The poles are mounted 
on their axles with sufficient play to provide a self- 
cleaning effect. This implement is provided with 
additional weight by either ballasting the frame or 
fitting a seat on the frame for the operator. 

Note: Figures in brackets are in millimetres. - 

This model consists of short pole pegs attached in a 
staggered formation around the circumference of a 
single heavy log roller. The pegs need to be drilled 
before nailing to avoid splitting. Steel bolts, 
sharpened at the ends, of $* (12.5) to +I (19) diameter 
are driven into the centre of each end of the roller, 
to which the draught chains are attached. A swingle tree 
tree is fitted to the roller draught chains. 



KEY: - 

ITEM -- 

A 

B 

c 

D 

E 

F 

G 

G 

m2: 

ITEM - 

J 

K 

L 

TYPW 1. 

NAME - ~UANTI!FY 

FRAMEi SIDE PZMBER 2 

FRAME END ME,wR 2 

DRAUGHT CHAIN 1 

PEAB ROUER PEGS As required 

ROLLER AME 2 

FRONT ROlLER As required 
PEGS 

TYm 2. 

NAME - QUANTITY 

ROLLBR 1 

ROLLER P!ZGS As required 

DRAUGHT 1 
CHAIN 

ITEM RESCRIFTION 

Wooden plank 4" x 1" (102 x 251, 
40” (1016) long. 

Wooden plank 4*1 x 1" (102 x 25). 
301 (762) long. 

Mild steel link chain of convenient 
length. 

Eucalyptus poles each 9" (229) 
ion@;. 

+I (19) diameter mild steel bar. 

Eucalyptus roles each 12" (305) 
lag. 

Diagram showing roller pegs mounted 
at 60’ to each other. 

Vim showing a roller wga Each 
peg has grc'wes cut at 60 on both 
sides. 

ITEM DESCRIPTION - 

Eucalyptus log, 15" - 1811 (381 tc 
‘4571 in diameter, 3611 - 4811 (914 to 
1.219) long. 

Eucalyptus pegs, 2" - 3" (51 to 76) 
in diameter, 3” (76) long. 

Mild steel link chain of required 
length. 



J 
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‘AGRICULTURAL EQUIPMENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 

OX-DRAWN TIE-RIDGEFVWEEDER 
IMPLEMENT 



,:-:; ,,,,,, _ ,,,,, ~,,, ,_:_ ::,:y,;,,, ,:,,: :, ,,, 

OX-DRAWN TIE-RIDGER,%EEDER MPL!MENT 

@OR ATTACHMENT TO "EiWYl"' RIDGING PLOUGH) 

0 
DEVELOPED By: A.R. STOKES. Northern Nigeria. 

DESCRIPIION: Tbi, implement is designed for attachment to the Qncot*~ ox- 
drawn ridging plough, a 3" (12.5) diameter bolt (of sufficient 
l.ength) with lock nuts beinS used'to hold the ridger handles 
to the plough been, allowing the attached implement to pivot 
freely. 

Tbie ettachment can be used for crosstying when ridging is 
carried out, and for crosstying and/or weeding after the 
ridging operation. During field use the implement handle ie 
raised, then quickly dropped, every 6' to 9' or es required, 
leaving a crosstie of earth and/or weeds in the furrow. 

On certain free-draining soils in Africa, the use of this 
implement has: 

(1) increaeed crop yields by up to 10% where planting ontied- 
ridges was compared tith planting on the flat; 

(2) reduced the labour requirement for the combiwd lend 
preparation end weeding operations by 6% when compared 
with cultivation by hand. 

Note: Plgures in brackets are in millimetree. - 

* ; 2 1- EeTIT!f ITEM DESCRIPTION 

Of $I (12.5) internal diameter mild stebl pipe. 

B ATl!ACIMNT 1 Made of one piece 2" x 2" x 11" (51 x 6.3 x 279) 
E@ACKE2 mild steel. 

c .!xImvB 1 Of lJ1* (38) internel diameter mild steel pipe 3" 
(76) nor-, fitted with 3" (12.5) diameter 
locking bolt. 

D BEAM 1 Of 1" (25) or l&l (32) internal dLameter mild 
steel pip. 

E PmYr BOLT 1 clp2.3) diameter hole to take pivot/attachment 
HOLB . 

F BRACE 1 Of &" (9.5) diameter mild steel round bar. 

G 
l 

SEutE SUPPORT 1 Of 7'1 x 2" x 2' (178 x 51 x 6.3) mild steel. 
PLATE 

H SHARK 1 An old plough disc of 22" to 24" (559 to 610) 
diameter, cut in half for share. 

J REAR VIEW OF ShowinS method of securing the beam D to share 
SHARE support plate 0. 

0 -L BRACICZT 2 Each of 1" x 1" (25 x 25) mild steel angle iron, 
2" (51) long, welded to D and G. 



t --- -I-- --- 
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AGRICULTURAL EDUIFMENT AND TOOLS FOR FARMERS DESIDNEO FOR LOCAL CONSTRUCTION 

NO.12 

"I.D.C." WEEDING ATTACHMENT 
FOR "EMCOT"PlOUG~H 



"I.D.C." WEl3DING AlTACW 

(FOR USE ON "F!MCCT" RIDGING PLOWi) 

DEVELOPED BY: Industrii7 Dsvelopaent Centw, Saria, Nigeria. 

lEXRI~ION: This attachment enablee weeding in ridged row crops to be carried 
out by aoimal power instead of by hand. 

The plough, with weeding attachment, tan ix pulled by a single 
ox or two oxen. 

The tool standards can be adjusted for height, and also for width 
according to the row spacing. The weeding knives should be 
positioaed to run close to the plants without damaging the roots, 
end should dig deep enoug to cut down the sides of the ridges, 
The fAdas of the ridges are remade by the ridge= body following 
behind. 
Note: - Figures in brackets are in millimetres. 

KSY: - 

I!BN NAME -- PUbNl’ITY ITEM DU.CRIRION 

B MAIN VaAME 
mom 

C RXITIONING 
SLOCKS 

D MAIM FRAME 
CLAMP PLATE 

Dl FDAMSDQLT 

E TOOL STASDADD 

F TOOL STANDARD 
CLAMP PLATE 

G YEEDING KNIFE 

H KNIFETEwLATg 

J KNIFS BOLT 

2 

2 

2 

2 

1 

2 

4 

2 

1 

4 

Each made from one piece of 4’1 x 2’ x 48'1 (9.5 x 
51 Y 12l9) mild steel. 

Each of 4" r. 2" x 2OO" (9.5 x 51 x 508) mild 
steel, riveted or welded to main frame. 

Each of &’ x 1” x 2u (9.5 x 25 x 51) mild steel, 
welded or riveted inaide rear part of main frame 
to fit on I-beam of tale plou&. 

Each of #’ x 2” x 6" (9.5 x 51 x 152) mild steel, 
held together by two )I* (12.5) dismeter mild steel 
bolts 5$' (89) long. 

Of $' (12.5) diameter mild steel, 2&l (65) long. 

Each of 1” x 1” (25 x 25) mild steel square bar, 
16" (406) long. 

Each of 6” x 2~~ x 5” (9.5 x 51 x 129) mild steel. 
Each pair of plates held together by two #u 
(l2.5) diemeter mild steel bolts, 5" (76) long. 

Made of $I (6.3) thick high grade steelilight 
car spring or old railway sleeper is suitable. 

Mshe one full aiae in sheet metal and use as a 
pattern for cutting out the knives. 

Each of &' (9.5) diameter miid steel, 2" (51) long. 

Note on making the weeding knives: 

(1) Cut out a piece of metal to the shape of the template H. 
(2) Draw out the leading edge, as indicated by the dotted line in Ii, to 

make it sharp. 
(3) Bend the knife material to a right angle, with the corner rounded (as 

shown at K) aa this will help to avoid damage to roots when cultivating 
close to the plants. 



, 
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No.13 

AGRICULTURAL EQUIPMENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 

ADJUSTABLE-WIDTH 'V-DRAG' 
DITCHER/BUND FORMER 



ADJDSTABLK-WIDTH ‘V-DRAG DITCHEIL’BUND FORMER 

SOlNICE 
~0 - 

U&ted States Department of Agriculture, Soil 
Conservation Gervice. 

DNS~IPI’ION: This implement ie used for makiw irrigation ditches, and 
cmn also be used to construct low-height contour bunds 
for horder irrigation. 

When meking earth ditches for conveying water to crops or 
drainage channels, a furrow is first opened with a plough 
(running down end back the required number of timees 
according to the depth required) along the line of the ditch. 
The V-drag is then used with the runner board riding in the 
furrow bottom, the crowder board deflecting the soil side- 
wags. Might can be added by the operetor standing on the 
runner board. The depth of cut can be increased by placing 
additional weight towards the front of the implement and/or 
lengthening the hitch. 

khan using the ‘V-drag’ to conotruct contour bunds for 
irrigation, a plough is run down end back twice, thrwing the 
soil into the border line. lbe implement is then run down the 
line, the crowder board pushing the eoil into a ridge. 

Saveral passes are made in each direction until the required 
ciao of ditch or border has been formed. 

l Note: Figures in brackets are in millimetrea. - 

KNY: - 

ITW - 
A 

B 

NAME - QUANTITY 

METAL- CUTTING 1 
PaI” 

RITCK 1 

HINGNS 2 

HANDLE 1 

CROWDKN BLOCK 1 

CROWDNN ROARD 1 

ITEN D!SiCRIFTION 

12” (305) x 12” (305) heavy sheet metal. 

&I x 2” x 36” (9.5 x 51 x 914) strap iron, 
dth &I (19) round 2@@ (63) diameter hitch 
ring. 

f” (76) surface binges. 

l$” x $” x 54” (38 x 63 x 1372) hardwood. 

12” x 2” (305 x 51) triangular section 
hardwood. 

2” x 12” Y 72” (51 Y 305 x 1829) wooden 
board. 

2” x 6” x 36” (51 x 152 x 914) wooden board. 

2” x 6” x 48” (51 x 152 x 1219) wooden 
board with holes drilled at 6” (152) inter- 
vals for implement-width adjustment. 



J SPRBDERBWCK 1 4” x 6” x 6~ (102 x 152 x 152) wooden 
block. 

K RUNNPI BOLRD 1 2” x 12” x 132” (51 x 305 x 3353) wooden 
beard. Bottom edge my be protected with 
2” x 2” (51 x 51) angle iron if desired. 

Ii HANLUSUF’FORT 2 g’l x 2” x 10” (5.5 x 51 x 254) strap iron. 

n L3FwwsRmARDEND4 4” x I@ x 811 (9.5 x 44 x 203) strap iron. 
ENDPIl?CES 

BOLTS AND SOREUS. 

- 
3 

3 
16 

8 

4 

2 

4 

6 

SIZE PURPOSE 

$0 xT(9.5 x 76) Hitch ring to runuer board. 

$,, x 4s (6.3 x 1021 Crowder block to rumer board. 

a” x &’ (6.3 x 63) FOG au-face hinges. 

t” x 4” (6.3 x 63) For handle supports. 
@ x 7” (4.5 x 1’?8) Par spreader block. 

p x 7” (12.5 x 178) For spreader board pivot& 

&I* x 7” (9.5 x 178) Fur spreader board end pieces. 

$,, x 591 (12.5 x 127) yre”gd adjuster board 
s . 
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SLED-TYPE CORRUGATOR/ 
IRRIGATION-FURROW FORMER 



8 

SL!XMYPE CORRUGATOR/IRRIGION-FURROW FORMER 

United etatee Department of Agriculture, 
Soil Coneervation Serrice. 

DUCRIYTION: The function of this implement is to make emall furrows, 
or corrugations, for distributing water over a field. 

The corrugation8 are run down the slope of the land. This 
impiemant can be used after the field has been broadcast 
seeded or before row-crop planting. 

For m8ximum water cerwing capacity. the inside surfaces of 
the corrugatiosw ehouic’ ‘me compressed and smooth. To achieve 
this. ballast can be aQ;ed to the implement a8 required. 

The spacing of the corru&iane will depan: +il:on how rapidly the 
the water moves laterally through the 8011. TOG lighter the 
soil texture, the wider apart the Gorrugations CM be. 

The implement design shown can be mJdifisd in size to suit 
animal-draught or tractor-hitching HB required. 

Note : -. The figures in brackets are in siliimctres. 

Kk*y: 

TTDI 
A 

B 

C 

D 

E 

F 

G 

H 

CROSS BQARDS 

CLBVIS 

SHAFT STRAP 

SHAFT ERACK 

CROSS PIECE 

DRAUGST SRAFI 

RUNNERS 

SHAFf CONNZCTON 

ITNN SESCRIPTION F-1 
4*! x 6” (102 x 152) wooden beam + 
deairrd length. 

41’ x 6” (102 x 152) hard wood, ?&I (1829) 
long. Steel points can be fitted to the 
leading ends. 

2” x 12” x 102” (51 7. 305 x 2591) 
wooden board. 

4” x 4” x 48” (102 x 102 x 1219) wood, 
leading end reinforced with $’ K 4” x 16’1 
(6.3 x 102 x 406) strap iron. 

p x &jf@ x 12’1 (6.3 x 63 x 305&.rap 
iron. 

41’ x 2” x 3611 (6.3 x 51 x 914; strap iron. 

4” x 4” x :4” (102 x 102 x @64) wooden 
beam, reinforced with ill x 4” x 16” (6.2. 
x 102 x 406) strap iron at each end. 



J :Ross PIEOK SCRBUS 2 



, 





A project of Volunteers in Asia 

Three-Row Rice SeedeKP, 
ITDS Agricultural Equipment and Tools No. 15 

Published by: 
Intermediate Technology Publications, Ltd. 
9 King Street 
London WC2R 8HN 
United Kingdom 

Paper copies are 0.50 British pounds. 

Available from: 
Intermediate Technology Publications, Ltd. 
9 King Street 
London WCZE 8HN 
United Kingdom 

Reproduced by permission of Intsrmediate 
Technology Publications, Ltd. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions as those 
of the original document. 



AGdidULiUkAL EGUIPMENT AND TOOLS FOR FARMERS OESIGNED FOR LOCAL CONSTRUCTION 

SINGLE-ROW AN0 THREE-ROW 
RICE SEEDERS (ZAMBIA) 



. 

0 



Gldl Gldi 



,,, 





AT MICROFICHE 
REFERENCE 
Lll3RARY 

A project of Volunteers in Asia 

Rot-v k?.mkr for Row-Elanted 
ITDG Agricultural Equipment and Tools No. 16 

Bublished by: 
Intermediate Technoloav Publications. Ltd. 
9 King Street 
London WCZE 8HN 
United Kingdom 

Paper copies are 0.50 British pounds. 

Available from: 
Intermediate Technology Publications, Ltd. 
9 King Street 
London WCZE 8BN 
United Kingdom 

Reproduced by permission of Intermediate 
Technology Publications, Ltd. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions as those 
of the original document. 



ROTARY WEEDER 
FOR ROW-PLANTED RICE 

J 







MICROFICHE 
~~FEi;JCE 

A project of Volunteers in Asia 

*- . Paddv-Field PuddJ&a Tool 
ITDG Agricultural Equipment and Tools No. 17 

Published by: 
Intermediate Technology Publications, Ltd. 
9 Rina Street 
Londof; WC2E BHN 
United Kingdom 

Paper copies are 0.50 British pounds. 

Available from: 
Intermediate Technology Publications, Ltd. 
9 King Street 
London WCZE 0HN 
Unite? Kingdom 

Reproduced by permission of Intermediate 
Technology Publications, Ltd. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions as those 
of the original document. 



FARMERi DESlGhED FOR LOCAL CONSTRUCTION 

_ No.17 _ No.17 

MULTI-ACTION PADDY-FIELD 
PUDDLING TOOL (JAPAN) 

MULTI-ACTION PADDY-FIELD 
PUDDLING TOOL (JAPAN) 



FIG. 

CP.1. 
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1, 

I CASSAVA GRINDER 
(ZARIA, NIGERIA) 

DESIGN: S. W. EAVES 

ORAWINO: C. J. HILL AND J. LEE 



. 



MATERIAL : 1%" GALVANISED IRON TUBE (G.1.) 

PART L1. NO. OFF : 2 

- 

)’ 

----40" 

3" RAD. 

PANT A. NO. OFF : 2 
TRUE ISNGTEI : 69" 

- 3" RAD 

--q 

2 1" 

I -- 
PAaT C. NO. OFF : 1 
!muE LaNGa : 80" 

F6ARs ASSEMSLY : NELD ALL JOINTS AT ARROWS AS SHOWN 



STAGE 2. SEAT AND PEDAL FRAME 

NATEiuAL : 1'8' G.I. TUBE AND +" CONDUIT 
,,, 'Y., 

;, f 1 
-.---------w-w.--- ---- 

T 
-- 

SEAT AND PEDPJ. FRAME 

ALL JOINTS 'TO BE WELDED 
A6 slioww. 

NO. OFF : 1COMpLJiTB FRAME 

35" \ . 

16" 

3 
STRWDABD BICYa BEARING: COG 7" 0 WITS PEDALS 

AWD %” CONDUIT TUBE 

ELD 

PEDAt BEARING 
ASSEMBLY To BE 
WBLDEDTO FRAME 

AT 3 POINTS 
SHOWM . 



ASSEMBLY OF FBAMES : l¶iE FRAWi.9 
Al?43 NSLDF,D AT TNS POINTS SHOWN. 
TIE SEAT AND PBDAL FRAE NIJST 
BBLOCATBD 
A) IN TSS CZNTRS OF THE “A” 

FRAN!3 (STAG 1) 
B) vsm!IcAL 
C) 90° To TRE "A" FPANFi 

(AS SliOWNBELow~ 

FRONT SLBVATION 

PLAN U-Jr 

AT THIS STAGE, biSLD 2 PIECES 
OF I+" 0.1. TUBE TO SEAT AND 
PEDAL FI?AW, AS SEAT SIJPPORT, 
AS SSONN AT (A) ABOVE 8 

mBELsGPPoRrFBAME: 

CUT 2 LSNGENS OF 24” 
AND2 LE?JGl!SiS OFS" 
ANDWELDASSEOWN 

MATERIAL : 1v x lk" M.S. ANGLS 
NO. OFF % 1 COt.SUWE FF!M3 



. 

8 

. 

BRACKETS x 15" M.S. 

WHSSLSUPPORl'FRAME 

12’l-e 12” 

NBLD WHEEL SUPPORT FRAMe To “A” FRAME AS SBOWN BELOW : 

FRONT ELEVATION 



,, ,:’ 
‘, 44ATsRIaL : 1" TRICK PLYWOD, 12 HACKSAW BLADES 9" LONG: 

S-D BICYCLE WUEEL 26" 0 WIRl SEARING AND GEAR 3" 0 

A. 

-- 
T 

26' I’ 0 

1 

-- 

A 
'I ---------- 

INSERT INTO SmS 
INWSSSLANDGLGB -w--w 

----e _ _ -. _ ..~ ~. 

CUT CIRCLE 36" % IA. 
FROM 1" THICK' 

36" 6 

B.SACKSAWBLADES 

MUST I 
PROPRUDE 1 
_ _._.~ 
WSSSL FACE\ 

--. 

A. TO CUl' HACKSAW SLOTS IN WSSEL : 
1) DIVIDB CIRCUMFF.P.ENCS OF WSEFeL (36" DIA.) INTO 12 EQUAL PARTS. 
2) DRAW CIRCLE 26" DIA. AND ALSO DIVIDE INTO 12 EQUAL PARTS. 
3) CUT SLOTS WITB HACKSAW BLADE IN PATTSAN SHOWN ABOVE. 

IEPORTAXT : SLGTS NUST BE @,DFi BSFOm CENPRZ SGLE (14" DIA.) IS CL! OLJ. 

C. BICYCLF, WHEZL IS DRILLBD AT POINTS SKOWN AND SCREWED ONTO REVERSE SIDE OF 
GRINDING WREEL . 



STAGE 4. INPUT HOPPER 
,,, MATERIAL : 2ooADGE MILDSTBGLSHEBT 

/ c 

/ 5" 

. 

CDT OW DEV!%OPMENT 

BBND IH'KI SHAPE 
As SHOWN HERB 

BRAZEJOINT 



A 

I , .-~ 

1" x 1" x '(" M.S. ANGLE 

CUE 1 EACH OF A, C AND D. CUT 2 OF S. 

WELD 11 t WELD 

WSLDFw 
IN POSITTON 0 WSLD 

As SHOWN 

SNASE FLAPS / 
OF HOPPER TO 

u 

. 



STAGE 6. DELIVERY CHUTE 

NATBRIAL : 20 GAUOS M.S. SHBET. NO. OFF : 1 

- -- - - 
‘1 

EA" 
17” 

il - - 

kl 

BEND IWO 
SHAPE SHOWN 

RIVET OR 
BRAZE JOINT 



,,, ~,' "STAGE 7. GUARD AND SEAT 

TQP 
GwaD 

.---- 

+10----t 

CUl'1EACZi.TOPANDBOTTOMGUARD 
FRaH 20 GAWX N.S. SHEET. 

BFXD TOP AND BFXD TOP AND 

BGlTUM GUARDS BGlTUM GUARDS 

M SHAPE SECX'N. M SHAPE SECX'N. 

Ctpp SEAT FROM 

1" THICR PLYWOOD 

DRILL 3 ROLBS i" DIAMETER AS SHOWN 



STACK 8. FINAL ASSCMBLY 

BO 

SCREh 
.WtLlJ SI:REW,~~~/ / 

N+ .-.-.-- - 

1. BOLT TOP GUARD TO WREEL SUPPORT FRAME. 

2. WELD INPUT HOPPER TC WNEEL SUPPORT FRAME AT POINT 3" FROM 
L. Z-i. SIDF.. 

3. SCREW DELtVF.RY CHVPE TD WHEEL SUPFORT FRANE DPPECTLX UNDER 
INPUT KOPPER. 

4. LOCATE SLOT IN SCllVM GUARD ONTO DELIVERY CHUTE AND SCREW 
BCTTOMGUARDTO TOP GUARD. 

5. LOCATE GRINDING WSREL ONTO WEIEEL SUPPORT BRACKETS AND 
TIGHTEN NUTS. 

6. CONNXCP WHEEL COG TO PEDAL COG WITH CORRECT LENGTH 
OF DRIVE CEAIN. 

7. BOLT SEAT To SEAT FRAN&. 

8. CLEAN WELDED AREAS AND PAINT. 

9. APPLY lW0 COATS OF POLYUFZTHPNE VARNISH TO GRINDING WHEEL. 

10. TEST. 



- 

I 
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ROTARY CORN THRESHER 
(ZARIA, NIGERIA) 



RmARY COPN TNBESNER 

OPSBATION : 
(SIDE: ELEVATION) 

OPFSATION (PLAN) : 

s DELIWRY 

SNAFI' BEAFSNG 

DELIVERY 

,, 



STAGEL GlJMDANDcWPONEW PAEFSANOTOPFPAMS 

v 21" - 

TtlBG~Is~BY~~~P~OF~IRoN24"Lowo, 
PORNING A 900 ANUG ON BEN END (FIG. 1) AND GBLOING. 

a"* Bsm 

,&J FIGURE 1. 

MATsBIllb I lb" x 15" x b,, MILD STGEII ANGLE 

No.oFFroNscolG%smPRnlG: 

< 36“ > 

RATNRIAL : 1i": 1%" x 4" WLD STEEL AGGLG 

1Jo. OFT : A D 21 B t 1; c : 2. 



STAQ 2. ASSSHGLYOFTop~AWDGUABD 

0 - 

a 

1 
21" 

1 ,I _- 

<- 36" > 

I 

AI& JOINIS ‘IO BE WELDED 

mm 

ImPttr GAP -- 

T 
GUI' AWAY VIEW 
ONAP.BOli~ 

AWO INPUT GBP FABRICATION 



STAGE 3. RoTat TxxEsm 

A. TSS BLADE.3 OFTSB ROWRNBSDMBS OF SUCH DESIGN AS To 
GIVE A TIIRESRING ACTION. INTRS PRUWTYPE MDDEL,TSB 
ROTOR BLADFiS WSRE COMSINE RAWESTER BLADES (FIGURSl). 

FIGlJRE 1. 

HOWSVER, IT IS NOT ESSENTIAL TRAT Tm BLADSS BS OF T= DESIGN IN FIG. 1. 
FIGURE 2. SSGWS A NSTXOD GF FASRICRTING BLADES TO GIVE A TSRESRING ACTION. 
NATSXIALS WERS t 4” X 2” MILD STSSL PLATS AND b* 0 MILD STEEL ROD. 

--- -- 
T I” 

BumSIDES FIGURE 2. 

PLATE 

N(yI% : RODS MUST SE 
SPACED AT 4" INTSRVALS 
AND WELDED AT A SLIGST 
ANGLE, AS SHOWN. 

ROD 

NO. OPF : 2 BLADES, 
ONE RIGST SAND td 
ONE LEFT XAm fl 

8. BLADES : WELDROMRBLBDES To SQUARE SECTION,OME LEFT SAND AND 
ONERIGRTSAND. 

ti 

MATSRIAL : 1" X 1" MILD STEEL SQUARE SECTION 
No. OPT : Two 



c. SIDEPLATSS 
DRILL 8 HOLES 'r" DIA. 

MATERIAL : 'a" THICK PLYWOOD 

No. OFP 2 2. 

GRILL 2 ROLES t" DIA. 

WI 

GATERIAL : 1" x 1" MILD 
STBSL SQUABE SECTION 

NO. OFF : 1. 

THS BEAAIffiS FOR TSEASOVF, CSNTRE SRAETARE Two STANDARD 
BICYCLE PEDALS, AS SHOWN BELOW IN FIGURE 3. 
~:TSSPEDALSMWTSEATIGRT 

FIT IN TIIS JQUARS SECTION 
ENDS. TIC3 :&%ioucE’E (SEE 
FIG. 4 NEXT liAb) MUST BE 
FITTED TO ONE SIDEOF SRAF'I' PSDAL 
BEARING BEFORS ASSEMBLY 
OF BEARING. 

imx+s 3. (SECTION ON AA) C-C 
A 

CUT OFF 
CRANIO AT TSIS- 

LENOrm 

FIGORE 3. 

(PEDAL 
cwx I 



FIGGAE 4. 

TIlE fiPROCI(ET iFoR TIlE CENTAE SHRFT IS OF 
THE 'FBES VRJBSL" TYPE WITB A 3" OGFSIDB 
D-Z= AND 1%" INSIDE DBAMBTBR. FITTING 
IS SHOW&' IN FIGURE 4. 

/ 
APERTUR?ZSTOBEFILLED 
WITH A MIKTOAE OF EPOXY 
RESIN AND SAND. 

FIGURJE 5. 

E. ASSS~LY aF RoToR ~SSSR BE= FItTIffi OF CEEFfRE mimr BEARINGS 

STAGE 4. ROTOR TRRBSSSR ADNSTING PLATES 

MATERIAL : w x 14" x 4" MILD STEEL ANGLG 
NUMB= OFF i 2. 

DRILL 5/16" DIA. SOLES ELONGATED llr" 



FXGIJRE 6. ASBBMBLYOFCDNNECTINGRODAND~STING PLATES 

,‘@ 3 TQ?O 5/16" DIR. HOLBS To BE DRILLED 
7-y &/ INT(tJTI~S."""ON OF 

'cENlYlESl3AFT PEtU&lXlidiX MBE 
WELDED To ADJWBTING PLATE 1%" 
PROM TOP OF ROD. 

STAOE 5. DRIVEi 

DRIVE IS OBTAINEDFROMAEICYCLE PNDAL CCNNECTED THROUGXA SUB BEARING 
TO A T"0 BPKCKST. ASTANDARDBICYC~ CSAIN COlQ4'&CTS TEE 81)RoCKm 
!lD SPBOCKET ON CNRTBN SHAFP. 

TEEDRIVE ASSE?MSLY IS BOLTEDTO TSELEPT SAND SIDE OFMP FFtAMZAPPROX, lo!* aeon ~. 
SNSUtETHATTSETtiOSPRCCKETSARE IN LINEFiEFORE 

FYlTIXGCORRECT~GTiiOFCSAYN. 

a FIGGRB 7 SHOWS As-LY WITG DETAIL OF KGB BBARING FIXING PLATE. 

FIGURE 7. 

- MATERIAL : 4" TBICX MILD STEEL P?aWG 

./- 
NUMBEROFF : 1 

i 'a" ! f"'HUFJ BEARING 



e 

STAGFo 6. STAND 

- 21” 

MATERIAL 1 1" 0.1. - 

SO. OFF : 2 

smae e. INFm TAeLe 

36” 

STAGE 7. 

DELIVSRY 
FFAm 

24” 

i -- 

HATSRIAL : 1%" x 1S" x '(" 
MILD STEEL ANGLE 

NO. OFF : 2 

ol5FlALL LENme 22” 

: 

1 

4 

'p 

MATERIAt : XI s.v.g. iaLu STEm PLATE 

NO. OFF : 1. 



8 

. 

T 
24" 

I - - 

STEELPLATE 

no. OFF : 1. 

BEND To CORRBCT 
CGRVATUR!3 ON ASSEMBLY 

NOES: DNASSBMBLYTRETSRESRBRPLATE IS WSLDEDBBTWSBNTHE INPUT GAP AND 
- THF, DELIVBRXTARLE. 

TREGAFBETWBBNTHEROl-ORANDTlilUSBBRPLATS CANBEADJUSTED BY 
MDVING TBB ROT0R TBRBSBRR ADJUSTING PLATES. 

TBEcoBRBcToAp IS APPrnXW. ml3 GUIREACORIO (SORGHUM). 



STAGB 11. FINAL ASSEHSLY 

1. WE19 DELIVERY FRAHS TD STAND 1 

ALL JOINTS 
TOBE 
WELDED 

2. WELDTOPFRAME 
TO STAND WSLD STAND TO 

INSIDE OF Top FiWE 
FIGURE 9. 

3. LOCATN IWFUTTAB~ IN FOSITION ON TOP FRAM3 (SES COVSRDRAWXNG) 

4. LOCATE DELIVERY TABLE IN 
POSITION IN DELIVERY FRAEIE: 
&RECOVERDRAWINGt GUARiJ 

5. WELDTHBESRSRPLATS -EL 
IN POSITION MD ADJUST 
w (FIG. lo), 

FIGURE 10. 

6. CLSAN WSLDRD AREAS 

7. LUBRICATE AND PAINT 

8 
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LT. GRANULE APPLICATDR LT. GRANULE APPLICATDR 

(DAUDAWA, N.C.S. NIGERIA) (DAUDAWA, N.C.S. NIGERIA) 



The I.A.R, Agronomy Departn~~t requested development of an appli- 
cator for fertiliser granules into which herbicide had been incor- 

'f 
S 

porated, the granules- tc be spread in a 15 cm wide band on top o 
the ridges to control weeds in the crop rows while the inter-row 
were mechanicaliy weeded. 
A Planet Junior hand,-pushed seeder was modified to spread a band 
of granules by replacing its seed tube with a fan-shaped outlet. 
A similar Planet Junior-basc%d applicator was fitted to an Ari,ana 
toolbar and .a simple direct drive from a ' sp,.ked wheel was used t 0 

replace the original bevel gears and shaft drive to the metering 
mechanism. Standard Ariana soil moving components were added to 
enable a ridge to he built and granules tc be applied, either on 
the surface or incorporated into the soil, simultaneously. 
A simpler, more robust applicator with a larger hopper caqacity 
built from larally available mild steel sheet? water.pipe and re 
forcing rod, using normal hand 
fitted to an Ariana toolbar. 

tools and welding equipment, and 
It was found to be capable of spre 

Wd8 

in- 

superphosphate granules in a 15 cm wide band at rates between 10 
and 500 kg per total hectare on the 75 cm spaced rows used in th 
Da?:dawa area. 

ading 
kg 

e 

Description : 

In the drawings which follow, dimensions are given in inches wit 
millimetre ,equivalents in brackets. 
Page 1. 
Page 2. 

Pictori.al views of assembled granule appli~catar. 
Hopper unit, side view. 

h 

Page 3. Hopper unit, rear view. 
Page Ir. Hopper unit, plan view. 
Page 6. Metering mechanism. 
Page 6. Granule aperture flow adjuster. 
Page 7. Ratchet lever for flow adjustment. 
Page 6. Granule-flow drive, fro".; view. 
Page 9. Granule-flow drive, side view. 
Page 10. Granule distributicn spout, plan and side views. 
Page 11. Granule distribution spout in position, side view. 
Page 12. Calibration chart for I.T. granule applicator. 

The applicator hopper A is made of 3/32" (2.4) thick mild steel 
sheet, and to increase its capacity it was extended vertically b: 
9" (229) using l/16" (1.5) mild steel sheet as indicated by B. 

Y 

:x?veItlped~ : In: .?rmediats Technology Project , L!zudawa, 
North Central Nigeria. 

Introduction - : The granule applicator was developed as part <!f 
the I.?!'. Farm Equipment Develq:ment Project work 
programme attached to the Institute of Agricultural 
Research of Ahmadu Belle University, 



i i. 

The hopper support frame pieces C' of 1" x l/H" (25 x 3) mi,l(l 
steel, are welded ta the attachment stalk n whirh is f.jLricated 
from 1" x 1" (25 x 25) angle iron and allows the applicator to be 
clamped firmly to an Ariana toolbar E. 
The first part of the metering mechanism is made of 1 l/R" (78; 
internal diameter pipe F welded to the bottom of the hopper. Th? 
granule flow adjuster G of 1 l/16" 
fits inside the pipe F, 

(27) outer diameter pipe, whici: 
is srsvided with bearings of hardwood at 

both ends as indicated by H. 
Even granule flow is maintained by the rotating mdvement of the 
agitator J which, 
pipe G, 

when passed through the wooden bearings within 
is provided with a distance piece K nf j" (12.5) bore pipe, 

washers L, and a split pin M. The integral agitator J and granule 
flow drive N is made from 7/16" (11) mild steF.1 bar, rotation being 
by ground-drive from the "spiked-wheel" N. 
The granule spout 3' is made from l/R" (3) tk!~:k mild steel, and 
even granule spread is accemp7,i,shed by the pt,:v:sion,of diverter 
pegs made of wire and positioned within the sp<?:lt as shown at Q. 
With reference to pages 7 and 12, the rate of application of gra- 
nules per unit a:ed is controlled by the position of the flow~ad- 
justment ratchet lever R. The ratchet teeth are at l/4" (6.3) 
spacing, 
"A" and 

and to provide finer adjustment two holes are provided 
"B") on the lever at the point where f'c joins the metering 

sleeve arm S. TO keep the ratchet engaged during field operation, 
a small coil spring is fitted through 3/E" (3) diameter holes between 
the metering sleeve arm and the ratchet lever. 
These drawings and description should be sufficient to enable the 
recipient to construct an applicator. However I materials used will 
depend on what is available and the constructor is advise;1 to de- 
termine availability and alter dimensions ,ccordingly. He is also 
welcom,a to alter the ieeign to suit local conditions. 
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LT. EXPANDABLE CULTIVATOR 

(OAUDAWA, N.C.S. NIGERIA) 
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c 

I.T. EXPANDABLE CULTIVATOR 

Developed by : Intermediate Technology Project, Daudawa, Narth Central 
State, Nig@+ia 

Description : 

A lightweight cultivator designed far weeding of ercaps planted in 7C-'30 cm 
spaced rows in sandy soils, to be pulled by en@ car two oxen er donkeys. 

Tines are individually adjusttile Ear elepth , making the implement suitable 
for flat or ridge cultivation. Taper pins engage with notches in the tool 
standards and are hammered into the wooden beams to lock Me tines et th@ 
required depth. 

The cultivator is suitable for manufacture by village blacksmiths, minimU 
equipment for manufacture being : 

mrge 
Anvil 
Hammer 
Tongs PUnCh 
Chisel 

ITEM NAME -- E 

A centra 1 
beam 

B PHS Beam 1 

C LlisE3eam 1 

D Hake plate 1 

EJ Pivot 2 
plarte 

P Pivot bush 2 

G Adjustor 2 

El Adjustor 1 
Pin 

.I Handle 2 

K Handle 1 
tie bar 

L Handle 2 
grip 

i.lATERIAL PER ITSM MANUFFCTORING NOTES - 

1200 x 75 x 50 Holes for Caper pins drilled or burnt 
hardwood 9 14 and burnt out to form using hot 

taper pin. 
700 x 75 x 50 
hardwood 

700 x 75 x 50 
hardwtlod 

10 Em M.S. plate Holes drilled or punched. 

155 x 40 x 10 N.S. 

75 mm length pipe 

270 x 20 x % M.S. 

150 x 10 d M.S. 

O.B. &bL%9-fit in 20 j4 Rolea in 23 
and c. I.D. turn... ofl 15 $4 bolt. 

1000 Y 30 x 10 M.S. 

500 x 20 x 6 M.S. 

200 x 25 bore water pipe 

(Key continued next page) 



ITEM NAEa MATERIAL PER ITEM MANUFACTURING NOTES - -. E 

M Skid 1 3w x 25 g+ M.S. Notches made with 6 6 round file. 
standard 

N Skid 1 200 x 40 x 10 M.S. 

T-1 5 ~LCX-J x 25 6 M.S. e P 
standed 

Q Narrow 2 6 mm lorry spring Fitted to front tool standards. 
tine leaf 

R Sweep tine 3 ditto. Fitted to rear tool standards. 

S Taper pin 6 90 x 12 B t4.S. Forged to taper. 

Nuts and bolts on which side beams and adjustors pivot should be done up hand 
tight and the ends of the bolts peened over the nuts. 

Rivets may be used instead of bolts. 
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A&CULTURAL EcXJIWENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 

HAND-OPERATED SEED DRESSING DRUM 

(CHITEDZE, MALAWI) 

DESIGN: JOHN BOY0 

‘, ;,ORAWINE: BERNAROWINLO 



Introduction : 

The test drum used was en ordinary wafer tin of apprexinwtely 
13" (?30) diameter and 2.5" (382) in heiFbt >I * 
It was found that this drum had a capacity of 30 lb. (13.6 kg) of 
L'halimbana groundnuts, 35 (IS.9 kg) of soya beans or maize, and 
38 lb. (i7.2 kg) of fertiliser when filled correctly. In a dura- 
bility test, a total of 1; tons of fertilizer was mixed without 
signs of damage. The drum was also used for serd-dressing of 
groundnuts and mai,ae with satisfactory cwrrag~ psrfsrmanee and nn 
apparent adverst2 effect on gerrninatiion. 

Description : 

with reference ta the attacked drawings, dimensiona are given in 
inches with millimotre equivalvnfa in hr;rrkePs. 

'The handle A is free -to revc1ve cm e1 %" (10) diameter bolt which 
ic Pitted to the crmk arm R. A belt of 114" (6) diameter is used 
to secure the crank am to the herizentel beam C. The handle. crank 
and beam are all made UP wood, the rectangular part of the beam 
b,eing 30" (562) in length. The beam ends are supported by timber- 
poles 6 at a height of b2" (763) from ground level. 

Where an open-'top eontaine~ is used, the drum top t: should be cut 
to a diameter of 1" - 13" (29-38) larger than that of the drum F to 
ailow for hending over (as indicated by the dash line 12) and sol- 
dering to the sides. 

Cues ape made in the battum end top of the drum as indicated by Ka, 
the sheet metal bent up as shown in Kb an& tacked to the horizontal 
beam at KG. 

The outer edge L of the lid is bent down along the line M, and the 
lid rear pieces N are folded round to form the hinges P. A iiooden 
block Q is nailed inside the lid to provide additional strength, and 
a sealing strip of foam rubber fitted at R. 
The tid side plates are bent outwards along the line S to hold the 
lid In position when open for filling. 
The tody of the over-centre Latch 'r is m-de from l/16" (2) steel 
sheet, the latch plate U being rive-ted or soldered to the drum side. 
The catch V and lid loop W are nf l/8" (3) diameter steel wire, and 
the lid loop strap X is made from a piece of rubber tyre inner tube 
7" (178) in length. 



FIG. \. Fib.2. Ftc.3. 





T 
\ 







AT MICROFICHE 
REFERENCE 
LIBRARY 

A project of Volunteers in Asia 

ITDG AgKiCUltUKal Equipment and Tools No. 33 

Published by : 
Intermediate Technology Publications, Ltd. 
9 ::ing Street 
London WC2E SHN 
United Kingdom 

Paper copies are 0.50 British pounds. 

Available from: 
Intermediate Technology Publications, Ltd. 
9 King Street 
London WCZE SHN 
United Kingdom 

Reproduced by permireion of Intermediate 
Technology Publications, Ltd. 

Reproduction of this microfiche document in any 
form is subject to the same restrictions aa those 
of the original document. 



. ,.. . ..-. 
A,JR,C”IJURAL EQUlWENT AND TOOLS FOR FARMERS DESIGNEQ FOR LOCAL CONSTRUCTION 

c 

LT. HIGH-CLEARANCE ROTARY HOE 

(DAUDAWA, N.C.S. NIGERIA) 

DESIGN: JOHN BOYQ 

_ :, PRAWING: BERNARD WINLO 



Orthographic drawings use first angle projection. 

Dimensions given in rmn. 

I.T. HIGF-CLEARANCE ROI'ARY HOE 

This implement is d@eigned far "erdi.Iq EWE cropz g;o"n an ri~I!lCs c,C 
75 " 90 6ln spacing. It eu:tivatcs both si&s of 0*x ridge ‘at 4% Clme 
and therefore, unlike 6-ultivaturs dra'n between the rictges, daes rat 
require straight and parallel ridges for efficient we@ding. 

cultivcttian is &me by two gangs sf four spider whe~ele, each having 
ten backward curved tines. The gangs are nngled t:a maintain the profile 
of the rMqa snd grve a slight "earthing up" vffcet. The width of the 
uncultivated partian along the crop row can be adjusted dram 5 to 20 cm. 
The rolling action gives light draught and the implement will ride CWR~ 
stumps or otbel- obstnxticns in improperly cleired land. The rotary 
hoe can be used for weeding closer to the crop than sweep cultivators 
without causing apparent crop damage. 

An arch frame ib used to giue 75 cm clearance over the t@p ef the 
riage. The frame is pulled by two ropes, ma on each aide ef the crop. 
The handlea are offset te alle" the og~irtor to walk In the furrow. 
Skid% far warking artd transpert pslitiene UI;% previded. 

Thin modidicatien "as designed te allow the I.T. Rotary #ee te be oaed, 
on different ridge profiles. 

The adjustable angle versien would be a useful research tool for firding 
the appropriate rotor angle for cenrlltiens in any locality. This infer- 
mation could then be used to modify the assembly fixture for th@ farmers' 
fixed-angle machines. 



Arch 

stub 

Main ekld 

Main skid 
strut 

Handle 

Handle 
carrier 

Transport 
skid 

Transport 
Skid strut 

Hitch loon 

Rot‘% huh 

Tilt@ 

Reinforrcing 
"edges 

AXl% 

Rotor 
bearing 

U-piece 

Clamping 
bolt 

Axle 

s?z 

1 

2 

2 

2 

1 

1 

1 

1 

2 

a 

80 

SO 

a 

4 

2 

4 

a 

2 

2 
retaining pin 

Thrust 4 
washer 

Assembly 1 
fixture 

MATERIAL PER ITEM 

24GO x 30 bore 
water pipe 

150 x 30 x 30 M.S. 

400 x 50 x 10 M.S. 

300 x 12 6 M.S. 

?50 x 25 . " \ 
water pipe 

600 x 30 bore 
water pipe 

350 x 50 x 10 M.S. 

250 x 12 6 M.S. 

2QO x 12 6 M.S. 

330 x 25 bare 
water pipe 
150 x 1% $ M.E. 

15 x 12 18 N.6. 

MANUFACTURING NOTES 

Bena to shape, starbinq ate centrc, 
and se" off ends of pipe level. 
Sauare bar or hollow section fabricated 
f&n angle iron. Weld to A. 

Weld to A. 

Weld to A and C. 

Prepare ends by partiai crushing and 
weld to E and A. 

Weld to A. 

Weld to F and G. 

Weld to A. 

Bend to apprex. 100 mm radius. 

Forge to shape a119118 cut off from bar. 
Weld ten eech of L and M into each spider 
"heel so that spider wheels fit o"er K. 
Weld spider wheels to K with tine posi- 

450 x 15 d M.S. 

loo Y 30 x 30 
hardwood 

745 x 25 bore 
water pipe 

40 x 15 bora 
wateft pips 

166, H 40 r 5 M.B. 

40 x 12 eye bolt 

25 x 2 B split pin 

tkas staggerea. 

Wood bearing impregnated with groundnut 
oil as per IDC Report No. 69-S. O.Q. to 
be press-fit in K, I.D. to be running-fit 
on N. 

Bend to shape. Partially crush ends for 
welding to R. 

Fit R onto N to maintain alignment and wel-d 
It to P. Drill 2 6 hole through R and N 
for v. 

2 m thick washer 
I.D. 15 mm, O.D. 30 mm 

2050 x 40 Y 5 M.S. Construct X as show". Fit (P + RI desem- 
760 x 15 bore blies onto X using W. Fit S onto S at 
water pipe innermost position. Sring P and S together 

as shown end weld P to S. 
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Developed by RAPanje end R.Q.Menon of the Indipn 
Inetitute of Sugwane Reeeuah, Luoknow. 

m p”om the ori&nel plum by R.D.Menn end B.P.Wulo 

Thio auimal-dnun aelf-oleening weeder wee originelly 
daveloged for uee In eumroem plentetione. It ie deeiuned to deetroy 
weedo,-leeve e muloh on-the eoii eurfeoe to ooaeerve mozeture end gi6 
a hi& work atpt per dLy (up to 5 or 6 aoree of mm o~p uork per 6 
hour dey). It aan be ueed on moat row ompe vlth e epeoiag of Jo iaokee 
(75am) or mre* 

QPerstionr 
The blede varke et e de&h of 2 inohee (501~) below the 

eurfeoe. The weed Mote era aut or pulied out end the &l’lwer ie 
lifted.elighfly, VU& help6 to breek m cruet present. If the blede 
01~ it will rlee out of uork. When thie he~pene the operetor flioke 
the rele~e levere, the rotor aovee mad Wo ad ie looked in pleoe by 
the lever. The weede drop off the blede urd coon drp out. Beet reaultr 
ara obtained on tilled eolle vhioh heve eettled down to fern e omat. 

The implement ie U&t enough to be owried on the joke 
of l g&r of bullooke yet robust emu@ to ultbetmd l fsir amount of 
r~~&i handUn& The bledee oan eeeily be nplus%ad by e rillq$e Usok- 
eaith and the uhole maohUm aan be built in esy zmeorubly roll-equipped 
uorknhop. 

The msehhe aan he urod in two foornet 
(1) uith a loryl drwjht pole &ad two depth wkeele 
at the reer (em ehown in tha detelled drewiage). 
(2) with l ahort beem end dre@t ohein and . sin&e 
depth wheel at the front of the beam (ee ehoun on 
the aover). 

ITXu3 hau not yet bed the opportunity to field tent tMa 
implement a The infomution above wsa ampplied by the Indian Inetitute 
of &gwoim R~aeeroh. 

It hu been meted that the implemnt r&&t be 
iapxwed br eplying cat tke kindle brmketa to improve l&wl tigidity 
and tbt the ule eupport bnoketa J&t seed to be etrewthened for use 
in har6 noila. 



Psrt l?o. 

1 
2 

3 
4 
5 
6 

7 
7.3 
3 

9 
10 
11 
12 

13 

List of materials reyimd for the fabrbatioa of the I.I.S.R. Weeder Kulcher. 

77&m leastb Ii 19mm Dia. 
3ciImD x 1pJm ma. Pipe 

5ochm x 37.5m! x 6nlu! 
1.425~ I[ 6s~~ Dia. 
2.3om ex 75rmn x .wmm 
j3oIppLx x6om 
125Em x jBm widtk 

Meterial 

K.S.Plat 
K.S.Plate 
K.S.Eod 
M.S.Pipe 
H.S.Pht 
x.3.Plat 
K.S.Pipe 
K.S.Pipe 
K.S.Pipe 
M.S.Flat 
K.S.ROd 
3rd wood 
M.S.Plwt 
%.I. 
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FOOT PIMERE 
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FOOT POWERED THRESHER 

Helmeeisn Coumil of Churohee. P.O.Box 80, Lee, Pepue New Guinea. 

X.T.D.‘i. bee not yet bad an opportunity to build or teat tbie 
tbreeber ti the infontion @en below wee eupplied by &David Williem 
Jr., Agriu~lturel Saaretmy of the N&meeian Council of Churohee. 

Tbraahere of thie type have been used in large number8 in Aeia, 
but beve gwmmlly been faotoq4uilt and have used epar gear drlvee and 
expeneive be-. This Melaaeeian Counoil of Churohee design sub- 
etitutes b%oyole chain and eprockete for the gelllra end emploga bearinga 
taken from bioyole pedel shafts. To make the thresher, come electrio 
weldi= end use of a drill preee ere required, but all other operations 
om be done wltb eim@e band toole. 

The threeher ie miteblo for doe end also eor&um, oete and 
other amall glint. Whoa the treadle ie operatad the drum rotetee ot 
250 to m rwolutioae pes timto. The uire loope 011 the dmm are the 
“troth” vhbh rtclke the (puin off the etalke. l’hie naohine doen not 
aeparste the oh&f Born the gr&n and therefore uianowi~ is &ill 
IBOW~. 

5he threahiag ir doaa by holdi= l buadlr of unthreahed gmin 
firmly in the hendo, brrtirPg and tuietirrg the bundle 1Qhtly a&net 
the dnm, ubioh revolrro crwy from the worker, and throwing the bundle 
of thrwhed atraw a&de, The good #mine fell doun upon a aenvae or 
pleatio &met, whiah ir, sheed under tke thrasher. 

The work of olamiag the grain will be tly facilitated by 
putt* the threshed materid into a box with r inoh wire menh mreen 
on top. sill vill remw - of the brokea &ems and longer treeh. 

To muidu &he o&gut of thin uobine, the work should by 
ny&mtioally or@i&ed. 9he folloving reoomnendritioaa for orguriaing 
field pzowdnrrr whut wily tmadle operated thresb,ero oome from the 
Iatertmtioml Rioa Nerrrcoh Imtitute in the Pbilippirue end we baaed 
on obaenaticme of e-timed workerr in %Swm~* 

1. Tte &rm ir out with a mythe in 081) head and gathered 
in the other. Eaoh cltagle hudful of straw La laid aeide 
0x1 the dub8le parallel to the previoue once acd left to 
hy one to tuo dwn. 

2. The sled-mounted pedal tbreeber with a box and Noreen 
ia brought into the field by J to 5 pernone who work ee 
. teem. 

3. Eeoh peraon hw (L card about 5Oom loag c&aohed to one 
urirt and free at the other end. He niipe bia band under 
4 to 8 headfule of the drj nt,sly end binds the larga bundle 
by wrapping the fcae end of the oord around the bundle. 
This teobaQu6 ptn one head to hold the straw fimly. 



4. The crew meribere rotate in a cirole. While one or 
two are tbreahing, the other8 8x-a returning, gathering, 
and brlaging new budlea. Emh pereon threshes the 
bundle that he &here by pedaling with a rhytbmio body 
action while holding end ‘twisting the bundle. The 
inertia of the oylinder keepe the tbreeher going ae the 
lebourera take tuna threehing, @hexing, and bringing 
in new bundlee. 

5. After threshing the atraw ie diaoarded in a mall pile. 
The eled-mounted thresher ie moved in 5 to 10 metre 
atagea 80 that the hml dietmoe ie always abort end 
strew pilee are easll. 

6. The threshed &rain aooumulatea in the box along 
with some flsg leaves am3 cd&f. The leaves are 
removed end the grein end oheff are eaoked for drying 
and oleening. 

Taiwan repartr iadioata thet erperianoed workore e&n threeh 
approrlm6tely 1,000 Q. of paddy per daJr with a treadle operated thrasher 
if the mstmial ia dry. CBCOCC ( a dealer in em11 e&oultuml equip- 
ment in Jam) xenortr 115 kg. of pod@ per hour ad the onpaoity of a 
Nmi11~ whine. The amount of work done will vary &@estly aooording to 
aonditionr. Johnson, Camm, and Man&lo report df+ that five wornen in the 
PNUppinee with om threeher were able to thresh about 500 kg. of grain in 
8 to 10 hourn, uor+dw with wet luteriale .&em 6 staok in a muddy field. 
Under the latter ooadiMoan thm&ng by hand would be nearly impoeeible. 

@#he D@ven Threeher. 

Thone uho want a einplo en&b+dtiven threeher 0821 build a 
s%milsr nmhine, but ui.th e wider dn@, for oxamPle, 36 inches; with L 
etromr &aft, my 3/4 inoh: and uith a lar@ pulley on one side. A 
three to five homepower en&lw, vi11 be eufficient, and in this 0-e 
approximtely 400 revolutions per dpite would be beet, 

* Johmon, C&am, MB IUndo, “Labor and Ppooedure for The Pedal Threahert$ 
fatemat!oarl Boo Remtmh Inetitute TeoMoal Papr Eo.2 September 1966. 

+c op. oit. 



4. The crew members mtate in a circle. While one or 
two are threshing, the others are returning, gathering, 
and btinging new bundle& Eaah pereon threshes the 
bundle that he &here by pedaling with a rhythmic body 
action while holding and ,twiating the bundle. The 
inertia of the oylinder keeps the tbreeher going 8~) the 
lebourers take turns threabing, gathetin& brd bringlne 
in new bundles. 

5. After tbxeshing the strew ie disaarded in a small pile. 
The eled-mounted thresher ia moved in 5 to 10 metre 
eta&e8 80 that the h&l diatanoe ia 8lwqys abort and 
etraw piles are amall. 

6. The threshed gtsin aooumulbtee in the box along 
with Borne flag leevee and ohaff. The leaves are 
zvee$the grain ad chaff are eeoked for dryin@ 

. 

Tbiwan report8 indiobte tbt erperianoed workore osn thresh 
bpproximbtely 1,000 kg. of ~6ddy per dsy with a treadle operated threeher 
if the narterinl ia dry. CECOCO ( a deeler in am&l1 e&rioultural equip- 
aant in Japur) reports 115 kg. of ~8ddy per hour aa the obpboity of a 
eimilu aaohine. The amount of uork done will vary greatly aooording to 
oonditiona. Jo-on, daaon, and Manalo report W th& five women in the 
Phili~~irra with ona thrmher were able to tbreah about 500 kg. of grain in 
8 to 10 house, uoHdn# uitb wet material0 .fmm b steak in B muddy field. 
Under the latter oonditiom thraNn# by hbnd would be nearly impoaeible. 

&&&IO l&bon Thresher, 

Thor0 who want a eimPlo en&e-driven thresher oan build a 
-1~ naobia~, but vith e wider dnu#, for oxangle, 36 inches; with a 
etroager aheft, ey 314 inohl and with b large Pulley on one side. A 
three to five horwpowcu en&ne vi11 bs sufficient, and in thin 0880 
amtely 4Oa revolutions per &auto would be beet. 

* Johneon, Curem, aad H6nel0, “I&Or 6nd Prooedura for The Pedal Threrrher**, 
Interaat?oarl Eioo Reneurah Institute TaoMoaI Pepr X0.2 Beptember 1966. 

** cap. cit. 
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SMUA” BLABED 



This implement was seer. in use ir Iran by Ed Abbot, who 
subsequently built exenplea at tile Yriendst Ibra1 Development Cenire, 
Raeulia, Eicshargabad, M.P. India. 

I.T.S.G. has not yet had a?? opportunity to build or test the 
pA;;ttthrasher and this leaflet is based on infsmation supplied by 

. 

. . 
Tke thresher is apparen*.Iy arritable for al:. types of corn and 

similar crops, and amid be plade and used myuhsre where bullocks are 
available zzd suitable Lxal oraftsm? smi naterie..ls can be found. It 
has proved to be 6c$ mne iffi c&mt than i.he tradi’.iorml Indian method 
of using bullocks tr> trap’.e t&e harvest& crcpu. 

Conetmction. 

The basic etmcture ie a frame whloh hold8 twc ccta@;onal rollers 
oi whioh are fixed the threshing blades. Above this fr%me a se& is 
provided together with a foot reet. The side frames are made by aelecting 

cutting it in hall lengthwcays. Thir Prcdwzee 
B;eoes are made fmmm a suitab1.e 

squared off at the mds md firmly 

The rollers &&“@iat aerefully planed square and out to length. 
Bearings are formed at .e&ch end, three indws Ior@ with a three inch 
diameter. Next, two lineius are aoribed the length of each fscs of the 
roller at a dietame of ?/E~* from the centre-line. The corners now marked 
are cut away, producing the required cotagcrml cross-section. The markings 
for blade-spike holea must now be made as follows. Centre-lines should be 
sortbed on each face if thiq has wt. already been done. The firat hole 
should be marked on any centre line two mohes from the end excluding the 
bearing. Holes are now marked &&.&-at one inch intervals, till the 
final hole is reached two lnohas ticn the far end. 

The holes are ncd drilled out to & inch diameter and the roller is 
ready for the fixing of the blades. 

Blades are made from flat stripe of iron or steel &” x 2” such RB 
are used for rim for bullock-cmt wheels. 

Blades e.re di.ven into the holes at the correct angle as described 
below, the projecting in& cr 80 of the spike being bent over to retain 
the blade. This job is made much easier if a punch is made to the shape ’ 
of the blade-spike end inserted red hot intc ‘the drilled hole at the 
correct angle, thus also zerving to locate t?ie blade EB now described. 



The angles at whioh blades me plecad are crucial to efficient 
perfcmance . The firet blade should be plaoed parallel to the length 
of the rcller, but the next blade (on the next face) is placed at 45’ 
to the length of thec.mller, and the next is et right angles. The 
next la placed at 45 but tilted th- e lother w&yl, and so on until all 
bladen are in place. 

The reet of the structure ie more or leea straight forward and 
could be modified within ~raotical limit& to wit requirements. 

%wght rcpee are attached to the outer ende of the forward 
brsae and ,thenoe to the yoke of a pair of bullocks, the operator 
d2moti.w them from a mcderate]J comfortable sitting position. 



- 
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1. IIEROIUCTION 
The purpcaa of this leaflet is to provide some background 

information for both oonstruotors and designers who wish to 

use wood bearin@. 
The type of wood to use, its treatment, lubr&cstion, and 

errpeoted perfo-oe will be discussed. 

2. 
Xade from looslly available materials. 

We by looai orrftsaen with woodvorking skills. 

gaily assembled, 

Do not rsrgi.re lubrication or Mintensnoe. 

Cperate uxx?sr dirty oonditions. 

Nasily inspected for wssz’. 

Qliokly reptired or replaced. 

Can provide & temporary means of repairing a more sophisticated 

produotion bead& 
Re@ra low toleranoe on both the shafts cmd the housiixs. 

3. CHOICE OF WOOD 

The oompoaition of wood ie very oomplex, but in simple tenus 

it oonsists of fibrous material bound together with a glue-like 

eubstanos, water, resins, end oils. 

3.1 .pitie.l Relsotion 

D.A.Atkinsoa (1972) ekted that one of the essestisl oharaotsr- 

i&is@ to look for in the ohoioe of wood ie hardness. 
m The mar the hsariag eurfuae, the lees the defolrnrtion snd 

the tiler the ooeffioient of Matim 

s. The hu4er the be&r&c surfaoe, the lower the rate of wers. 
- The harder the bsariz&surfaoe the less likely it is to 

breskdown prsrpsturelg., singe, and ultimately burn. 
- The herder the be&r@ surfaoe the greater its strength. 

It is alao worth noting that generally, the harder the wood, 

the grenter its weight and the more diffioult it is to work. 



The oiliness of the wood is a particularly important oonsider- 

ation when the bearings are unlikely (or not intended) to receive 

lubrication during their servics. Practical indicators that assist 

the identifiaation of timbers which !my have good self-lubricating 

properties aret 

a) they OCB easily polished 

b) they do not reaot with aoids 

c) they sm difficult to inpregnate with presmratives 

d) glue does not easily stiok to them 

3.2 Other Considerations 

High moisture coats& cawes a reduction in hardness and 

raeults in greater we&*, For most applications low moisture con- 

tent is preferred and excess moisture must be removed to prevent 

subsequent shrinkage especiSa.lly if the bearing io to be used as a 

bash. 

The hardest wood Is to be found in the tin trunk just below 

the first brsmh. 

Grain dimotion should be considered, an3 if possible advantage 

taken of the olose graia to provide hardness at the wearing surfaoe. 

axle hole 

‘bolt holes 

Cm-piece block bea?Ang (fill size) 

Rig. 1. 
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The piece of timber selected for the bearing should be free from 

craaks. Some suitable timbers em listed in Table 1. 

oeGreasy I* woods Lignum vitae (Guaiawm officinale) 

Tallowcod (Euceliptus micrccorys) 

Teak (Tectona grandis) 

Blackbutt (Eucaliptus pilularis) 

Other woods Peon (Calophyllun tomentosum) 

Hornbeam (Carpinus betulus) 

Degame (Calycophyllum carididissimum) 

Boxwood (Phyllostylon brasiliense) 

Pear (Py.Ns communis) 

Opk (Quercus robur) 

Camphomood (Dryobalauops aromatica) 

Table 1. 

If the timber is not of the self-lubricating variety (or of 

dorrbtful self-lubricating characteristics) it can be soaked in oil 

to miuimiee the need for subsequent lubrication. It is important 

to have dry wood to assist maxirmrm absorption of oil. 

4. COmTWcTIOB 
The followihg notes relate to experience gained in the “field” 

manufacture and testing of three types of wood bearing. All were of 

the oil-soaked variety. 

4.1 g,nmB of I4eariag 

hush bearing 

Split-blook bearing 

One-pieae blook bearing 

4.2 General Remarks 

H.S.Pearaon (1975) has euggested that as a ,general mle-of-thumb 

guide to the size of timber needed for the bearlug. the sxial length of 

the bearing shouid be at least twice the shaft diameter. For example, 

for a 25nm dismeter axle, the bearing should be at least 5Om long. 

In the case of the block bearings, the thiokness of bearing material 



at auy point should not be less than the shaft diameter. 

0 
0 /’ / / 

b 

/ 0 / / 0 
/’ J 

/ J / .’ \ 

\ 

Split-block bearing (half size). 
pig. 2 

The drilling of mdial holes for lubrication purposes is only 

recommended by Pearson for the bush type of bearing. He found that 

if lubrication holes were drilled in block bearings not only were 

the bearings weekensd but also the holes acted as dirt traps. 

The beezIng should be located whenever possible in a position 

where falling dirt will not directly enter the beering. For example, 

if the axle is carried in bearlugs mounted under the floor of a cart 

instead of a fixed arle with bearings at the hub of the wheel, then e 
dirt falling from the rim of the wheel will not fall directly onto 

thebearings. 



If the bearing is expected to take side-thrust, large flat 

washers must be used, the one next to the end of the bearing being 

free to rctata m the shaft. 

The bearing surface of the shaft should be perfectly round and 

emootb aad polished in appemanoe. 

4.3 &tow to Uake the Bear-s 

Available timber often has rather doubtful self-lubrioating 

Properties pnd high moisture content. In this instance, a simple 

prcoeduxe for making en oil-soaked bush bearing has been devised by 

the Industrial Rsvelopment Center, Zaria in Nigeria. Excess water 
is removed and subsequent shrinkage Prevented. (Rhambaugh, Pearson 

and .?ibril, 1969). 

a) Reduce +he timber to a square cross section and bore a hole 

through the oentre the same diemeter as the journal on which 

the bearing will be working. 

‘b) Plaoe the blocks into a metal container of oommemial ground- 

at oil and keep them submerged by plaoing a brick on top. 

Rsiae the temperature of the oil until the water in the wood 

is turned imto steam - this ~111 give the oil the amearance 

of boiling vigorcusly. Maintain the temperature until only 

single strssms of emall pin-siae bubbles ars rising to the 

surfaoe of the oil. This my take anything fram 30 mimtes 

to 2 hours depending on the moisture oontent of the wood. 

Q) Remove the heat source and a the blocks in the oil to 

cool overnight if possible. Aulag this stage the wood will 

absorb oil. BN VNRY CAREPWL IF YOU RERD TO RARDLE TR!I COl?l!AINER 

MKILST IT IS PULL OF ROT OIL. If the temperature of the oil is 
allowed to get too high after the bubbles have oeased to appear, 

the wood will ohange to oharooal and the bsu9ngs will be ruined. 

d) Rebore the oentre hole to compensate for any shrinkage that may 

have taken place. 

e) Plaoe on a mandrel and turn the outside diameter to the required 

measurement that will give the bush a press fit into the tib. 

f) Bore four equally spaced holes through the wall of the bush at 

its mid-point and fill with lubricant - in general terms, the 

harder the lubriopnf the better, so animal fat, soap or tallow 

rre preferable although grease is an excellent alternative. 

-5- 



Bush bearing ehoving the four lubrication holea (full size). 

FQ. 3 

e) Eimlly prsea the bush into the hub. 

The forty bueh bearinge mule and teated St Mario were w long 

by 1.550” outside diameter with a 0.85g"@ bore. They were pressed 
into l@ seemleas black iron Claee C pipe, and turned on a @ pipe 

journal. The wood used vu) mehogay (being the moat rea$y wail- 

able) and rig teats with a loading of 100 lbe and o epeed of 100 - 

200 rev/&a indicated euffioient Pubricrtion. These test conditions 

were ohoaen to simulate the worlting forma on P 7” gauge wheel of en 

ox-draw plou@. Tests performed on bush bearinge without the four 

redial lubricetion holes egain indicated sufficient lubrication. 

. . 

0 
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INITIAL PmAIUTION. 

SW tilpber into shape of en oblong 
blook somewhat larger then the 0.3 
of the finiehed bseriug to allow for 
zhrink~ and bore beiilg off centre. 
Bore hole through centre of block 
the aine of the journal. 

fizJ 0 - 

Soon after submerging the 

:;;..i,;;: 
- bearing blocke in hot ground- 

,,.**a . . . . nut oil, mpny surface bubbles 
.,,. I..... , .,,.. a.*. 1” in diameter, made from o 
(..,I...*. multitude of smaller bubblea, 
, , .*11.4.* will appear on the surface. 

ye&e*---- Ae the moisture oontent of 
i::-. :‘:’ t ;zsl?* blocke la reduoed, the surface 
. .a. . . . . *.* .,.a bubblee will become smaller in 

the. 

:-:‘-.-.-‘--...-.-.-- . . . When the eurfaoe bubblee ere 
: : : : : . . 

: : . : : : : 
I . : * . , fomed fmm aillgle streaaa of 
. * . : . * . I + * pin-else bubblee, the dehydro- 

tion process haa gone far enough. 
Stop hertiag, end let blocks cool 
in the oil overnight. 

,-en block 
FIKISfiING 

Re-drill centre hole and place 
shrunken oil-soaked bearing block 
on mandrel and turn to the 
desired size. 

Cross section of the finished oil- 
soaked wood bearing showing 
grerse .mreaesvoir holes. 



On heavy equipment ouch as ox-carts or where it is net possible 

to pueh the axle through a bush bearing, the split-block bearing 

provide% a more praatiool eolution. 

It ie afmple to fit aud replete, and if wear takes place the 

two halwe cau be ohhanged around. titer tither wear, the life 

of the bearing oen be extended by removing a small amount of mater- 

ial from the motohing faoea. 

A eimple prooe&ure wna deviead by the GRZ/ITDO Project at the 

Xegoye Ee&oml Research StatIon in Zambia for the prcduation of 

euoh a bearing, a&n wing an oil aoeking technique. The timber 
in t&is caee ves teak, nnd used engine-d11 provided B satisfactorly 
altenutive to groundnut oil. (Coombs & Peerso% 1974) 

a) Reduce the timber tc a square orosa-section end cut length- 

wise into ,tvo halves. 

b) The two halve8 of the bearing muet be olanped firml.y together 

for the drilling operation. It ie aoat important tncrt the 

hole for the tie ia bored exactly square tlu‘ough the blocka. 

For the beat resulta an eleotrfc powered pillar-drill should 

be wed althou& a hand powered pillar-drill would be quite 

eatiefactory. If neither of these ie available, a jis would 

have to bo made to keep the drill bit in line. 

After drilling, the two halves should be tied toether 

to keep them in paire. 

c) For eaaking in oil an old 20 litre (5 @al.) dnuo is needed. 

Nll it three-quarters fill with used engine-oil and brin$ 

to tht: boil over pn open fire. GRiUT CAFE is needed when 

handling the dorm of hot oil. Lift the dnun off the fire a14 

aarefully plaoe the p&rs of be&n@ into the hot oil. Put 

L briok on top of the l.%& pair to @top them ficetin(r, and 

leave the drum and aontents to 0001 slowly overnight. 

The split-block bearinga aeaeured 15Cmm x 15Omn x 75rm irith a 

38m dimetar bore. They were field tested for reliability by 

iuetalling them on ox-oezts fitted with iron or pneumatic wheels 

and oarryizg loeda of up to 2 tons. 
A radial clearance on one of these assemblies of about lmm was 

found to be essential. If carefUlly ran in at low speeds (ox wor!6)t 

Q 

0 

i 
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the clearauce is increoaed to 1.5~2.Gmu and the beariug surface 

attaiued a highly polished glass-like appearance. Caving reached 

this condition it was found capable of withstanding journeys of 

a few kilometera at higher speeds (Landrcver towing). 

A ecft pine-wood oil-soaked beariug wa8 tested ae an alternative 

to the hardwood beariug, and this also gave aatisfactcry performance 

but might have a shorter life. 

For lower load, lower speed applications euoh as the seed-drive 

meohaaiam on a small plauter, a eualler one-piece oil-soaked block 

bearbg was used meeeuriug 5Om x 5Gm I 5Cmu with a 16~ diaueter 

bore, aud this gave eatiafactory results, although tests were act 

extensive. 
The possibility of boring the exle hole by hot irons wae uct 

investigated but there should be uo serious objections to this 

alteruative. 

The following general points can be concluded:- 

a) The nuu&in period is of critioal iupcr$auoe. It is 

ohmacteriaed by a high initial rate of we$rr whilst smoothlug 

and polishiug of the beat%= surface tekes place, after which 

wear becomes approxi+tely prcportioual to time. 

b) The greeter the epeed of rotation, the greater the wear, 

especially during the mmiug-in period. 

c) The greater the axle loading, the greater the rate of weer. 

Mom apscifiaally, wear ia approximately proportional to load, BUT 

inoresaee rapidly for mall increment8 in speed. 
Very high loading end low apeeds ehould be avoided siuce W&s 

results in P jez’kiug movement of the journal in the bearin@: end 

aubaequent shaking and vibration will result in weaz of other parts. 
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DEvEII.OPtxJ RY: 

DIGCRIFTION: 

Minifitry of Agricultura. l'araenia. 

This harrow is conqtructed entirely of timber. Its 
high @wind clearuanee and wide tooth spacing make it 
suitable Thor wrking in minimal tillage systems where 
it is advantageous to lc:ave a trash cover on the soil 
surface. 

It can be ueed following sweep tillage operations to 
break down soil. clods before crop planting, and also for 
covering of seed after broadce&t seeding. 

Note: Figures in brackets are in millimetres. - 

KEy: 

ITEM - 

w 

X 

Y 

2 

NANE QUANTITY ITEM DESCRIPTION - 

DRAUGBT CHAIN 2 Mild steel chain. 

FRAME SIDE 2 of 2" x 2" x 40" (5 x 51 x 10161 hard 
wood. 

CROSS BEAM 4 of 4'1 x 4" x 60" (102 x 102 x 1524) hard 
wood. 

Pm 13 of 1" (25) diameter hnrd wood, 1%" (406) 
long with 10" (254) protruding below frame 
beema, peg teeth otnggeted in each rCw to 
give 41' (102) 0ver.dl tooth spacing. 



FLEXIBLE PEG-TOOTH HARROW 

DEVELOPED BY: Locally-built design from Iran (extrilct from Central Treaty 
Organirration economic publication No. 47). 

DESCRIPTION: A low-coot peg-tooth harrow designed for animal or tractor 
power. 

The flexible linkege between the bars helps to make the 
harrow self-cleaning, and the linkage arrangement is designed 
to keep the teeth upr@t while in we. The bars are offset 
to give an average tooth spacing of 2" (51). 

KEY: - 

Note : - F&wee in brackets are in millimetres. 

ITEM NAME ITEM DESCRLFTION - - QUANTITY 

A DRAUGHT CHAINS 2 Mild steel chain 

B LINKAGZ ASSEMBLY 6 t" (19) diameter r&d steel eye-bolts 
and '2.' hook links. 

c AR 4 Each of 4" x 4" x 64" (102 x 102 x 1626) 
hard wood. 

D TOCTB 32 Each 10"' (254) in length, of + (19) 
diameter hard wood or 3" (19) square 
section steel bar. 

"JAPANESE" HARROW 

DBVBLOFZD BY: Locally-built deeign Porn Japan. 

DESCffIpTION: A dimple rigid two-row harrow with its flat-steel teeth driven 
through the wooden frame. The teeth are spaced 6" (132) apart 
in each row. 

IEEy: 

Thia implement hae a cutting action, the narrow edge of the 
teeth being parallel to the line of draught. 
Note: - Flgurea in brackets are in millimetres. 

ITEN NAME - - QUANTITY ITEM DBSCRIFTION 

X FRAME CROSS 4 Each of 2" x 2" x 18" (51 x 51 x 457) hard 
f4mBEB wood. 

Y TOOTH AB required Each of 1" x 2'1 (25 x 6.3) mild steel, 9" 
(299) long er.d tapered towards working end. 

1; MAIN FRAME 2 Each of 2" x .2$" (51 x 63) hard wood, 6611 
MEMBER (1676) lOBI& 



TRIANGULAR SPIKE-TOWI IIARROW _- 

DEVELOPED BY: 

DESCRIPl'ION: 

Originally designed in India. 

The teeth of this harrow can be made of hard wood or mild 
steel. 
4". 

In the drawing overall tooth spacing is shown 86 
Tooth swcina can be varied to suit the soil conditions 

, 

by removing teeth-to give wider spacing or by drilling holes 
and inserting additional teeth to give closer spacing. The 
harrow can be used for preparing a seedbed, after ploughing, 
and for covering the seed after broadcasting. While in 
work the harrow should be horizontal and this is achieved 
by adjusting the length of the Fulling rope or chain. The 
harrow can be loaded with logs UP stones to give greater 
penetration when necessary. Fo-, transport to and from the 
field the harrow is turned on i:s back and runs on the skids. 

Note: figures in brackets are in millimetres. 

KEY: - 

ITEM - 

A 

B 

C 

D 

E 

F 

NAME - QUANTITY IT&X DESCRIPTION 

MAIN FRAME 1 Made of one piece 3" x 4" x 72" (76 x 102 x 1829) 
and two pieces 3" x 4" x 55" (76 x 102 x 1397) 
hard wood. 

SKID 2 Each of $*I x 13" x 23" (12.5 x 38 x 584) mild 
steel. 

TooEI (As required) Each of St1 x 2-l x 12" (19 x 19 x 305) mild 
steel or $' (19) ti.ameter x 12" (3Q505) hard 
wood. 

TOWXNG IIOOK/ 1 $1 x l$@ x 29" ( 1.5 x 38 x 737) mild stee!. 
SKID 

REAR STRUT 2 Each of 3" x 4" x 1751' (76 x 102 x 444) wood. 

FRONT STRUT 1 3" x 4" x 2%" (76 x 102 x 597) wood. 



72” (1829) 

I.- 4” (102) 8” (203) - 1 



2 i; (63) 
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SIMPLE SURVEYING LEWLS 

Introduction 

The surveying instrument most used on farms in developing 
countries is the level. It can be used to make a map before 
starting earthmoving work, it can be used to mark out on 
the ground either level cantours, or else lines with a small, 
uniform slope for drainage, irrigation, soil conservation, 
roadmaking or building work. 

klodern surveying instruments are very accurate, but expensive 
and easily damaged and need skilled workers to operate, adjust 
and repair them. The levelling work on small farms often does 
not require extreme accuracy because line;h;f; ;;inS marked 
aut nn ordinarily rough field surfaces. therefore, 
a case for examining alternatives to the modern sirveyor’s 
level which would be cheaper., simpler to operate and still 
reasonably accurate. This is what has been attempted here. 

The Levelling Devices 

The simple levelling devices tested can be divided into two 
grQuys: 

1. Lat’eZ3 wit;; LGIioh tka ap3rcttar sight3 aEang a korieonta% 
I&k? t-0 t&u recddnga 012 a gPadiiat3d ctffff ;t3%e; b@ a 
33aand man 801TB &iacanee ctuczy. 
This is the same method used \<itl: a modern surveyor’s level. 

2. te~aE3 tdtiieii da 43t ~wgciro sigiieirrg octe a SCstant accff. 

The accuracy of these devices is not affected by the 
operator’s eyesight or by t:ro lighting conditions. 

These simple levels did not have telescopes fitted with cross 
hairs, which are the costly parts of modern levels. Various 
types of simple sights were fitted and a clear target attached 
to the staff, but it was still not possible to read the staff I 
consistently to wit:rin less than 2 Smm at a distance of 1Om. 
The accuracy of any level which requirea sighting onto a dis- 
tant staff is affected by the operator’s eyesight and the 
degree of daylight. 

A modern surveyor’s 1i;vei is usualiy mounted on a tripod, 
which is itself rather expensive to buy, difficult to make 
and awkward to carry. For simplicity, the devices tested were 
supported on a simple pole, although a tripod would be necessary 
on very hard ground. The pole was 1.5m long and 28mm diameter. 
One end was sharpened to a point and fitted with a protective 
metal sheath. The mounting block was made from a 140mm x 90mm 
x iOmm piece of softwood and was drilled with a 30mm diameter 
!role to a depth of 80mm using a brace and bit. The top of the 
pole was smoothed with glass paper until the block rotated 
freely. A 6mm diameter hole was drilled to take a carriage ’ 
bolt for securing the instruments to the block. 
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SQUARE ANU PLLIMB 

Construction 

A right-angle square with arms 45Qmm long was cut from a 
sheet of 12mm thick plywood. 
into the top of the horizontal 

A pair of sights was screwed 
arm and a hook and marker 

fixed to the vertical arm for use with a plumb. The 
sights were adjusted so that when the plumb registered with 
the marker, the top edge was exactly horizontal. A 6mm 
diameter hole was drilled through the horizontal arm for 
the securing bolt. 

Use - 

The instrument was attached to the mounting block by a 
carriage bolt and wing nut. It was aimed at the staff 
and then levelled by adjusting its angle until the plumb 
was exactly over the market. The wine nut was then 
tightened. 
the sights, 

It was difficult to read Ehe staff through 
although a moveable target on the staff made 

sighting easier. 

Results 

No testing was possible because the plumb bob was blown 
about by the wind. 



WATER MANOMETER 

Construction 

A 300mm length of planed 4Omm x 2Omm soft wood was fitted 
with two rubber straps made from motor tyre inner tube and 
seeured with nails and thin hardboard pads. Each end was 
fitted with a sight eut from scrap sheet metal. A 6mm 
diameter hole for the mounting bolt was carefully drilled 
through the wood at the mid-point. A 1OOmm length of glass 
tube (7mm internal diameter) was inserted behind each strap 
and the lower ends joined with a 400mm length of rubber 
tubing. Water was poured into the U-tube arrangement until 
the level in each glass tube was about 30mm from the top. 
The ends ulere fitted with stoppers to prevent loss of water 
whilst transporting the instrument. 

MT&K MANOMETEK 

Uses 

The mounting pole was pressed firmly in the ground as 
nearly vertically as possible. The mounting block v!as 
placed on top of the pole and the instrument secured by a 
carriage bolt and wing nut. The device was aimed at the 
staff at the first station, about 10 metres away, It was 
then levelled by removing the two stoppers and adjusting 
the angle until the two menisci were exactly level with 
the top edge of the wood. (Sometimes it was necessary 
to slide the glass tubes up or down in their rubber strap 
holders to achieve this condition.) Sighting from about 
300mm behind the rear sight, it was possible to line up 
the horizontal front sight and read the staff. A move-. 
able horizontal target on the staff made sighting easier. 

3 



A READING 

Kesults 

The staff could be read at a distance of R-10 metres, but 
this range depends on the operator’s eyesight. A 50 metre 
line was laid out ‘on the contour’ and checked with a modern 
optical surveying level. The worst error was 42mm in height 
over a horizontal distance of 8 metros. 

Various types of water manometer have been described in 
surveying literature. Devices that require sighting along 
or through two menisci without the aid of a straight edge 
are difficult to use and liable to large errors. The in- 
clusion of a sighting edge makes this a more practicable 
instrument. With care it would be used for setting level 
lines or graded lines of slopes not less than 1 in 200. 
The device must be kept upright when moving position to avoid 
loss of water, or alternatively the tubes can be stoppered. 

I 
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SPIRIT LEVEL 

Construction 

A cheap wooden-cased spirit level 2SOmm long formed the 
basis of this instrument. A 6mm diameter hole for the 
securing bolt was drilled through the case, care being 
taken to avoid the glass tube. 

RETAIL OF SPIRIT LEVEL 

Use - 

The pole and mounting block were again used for support. 
The instrument was aimed at the staff and then levelled 
by adjusting its angle until the bubble was exactly between 
the centre marks. No sights were fitted to this device 
and sighting was aehieved by looking along the top edge 
of the level. As before, a moveabte horizontal target on 
the staff made sighting easier. kind caused some movement 
of the apparatus, making exact setting of the bubble 
difficult i Wind effects could be eliminated if the levei 
were mounted on a tripod, 

Results 

The ability to read the staff was dependent on .&he operator’s 
eyesight and limited the range to 8-10 metres. A 1OOm line 
was laid out ‘on the contour’ and the worst error was 
measured as SOmm over a distance of 9 metres. 



Evaluation 

If a spirit level is available it is a simple matter to 
convert it into a sighting level. I\‘ith care it could be 
used for setting level lines or graded lines of slopes not 
less than 1 in SOB. 



ROAD TRACER 

Construction 

This tic-;ice consisted of a triangular wooden frame, free to 
swing or‘ its supporting bolt. The base of the triangle 
served as a sighting tube and was made from a 450mm length 
of bamboo cane. The nodes were drilled out from each end. 
cni <-r,J 5;~s fitted >;;ith crojj: *,<i;rs (r!ii,l \qire gizec: into 
slots) whilst the other end \zas covered with tape pierced 
with a viewing hoie. A hose clip was used as the balance 
weight and this was placed over the bamboo tube before the 
latter was glued to the susPending A-frame. An 8mm diameter 
hole was drilled near the top of the A-frame so that the 
instrument could swing freely on the carriage bolt. 

Settin p b the instrument _-I- 

MTAIL OP THE ROAD 

The road tracer and the staff were placed side by side on a 
flat surface and the moveable target on the staff was adjus- 
ted to be exactly level with the cross tcires. The staff was 
then mos:ed to a point about 20n away from the road tracer, 
chosen so that the tarpet appeared to be at the same level 
when viewed through the sighting tube The positions of the 
staff and the instrument were then reversed to check if there 
lias any difference in the reading. Adjustment for the error 
was made by moving the balance weight so that half of the 
difference in readings rua~ removed. The weight was secured 
and the procedure repeated to check the setting. 



Use - 

To set out a level contour line, after checking the setting 
of the instrument, the St; Ef was placed next to the road 
tracer and the target sdj..sted to coincide with the cross 
wires. The staff was then moved to a point about 10 metres 
away and moved up or down the slope until the target again 
coincided with the cross wires when viewed through the tube. 
The road tracer was then swung slightly and allowed t;fc;;i 
to rest again so that the reading could be checked. 
reading was confirmed, the position was marked with an arrow 
and the staff moved on. The device was adversely affected 
by any wind and it was essential to use a target on the staff. 

ROAU TRACER 

Results 

The range was limited to a maximum of about 20 metres by the 
operator’s eyesight. A line was laid out on the contour and 
cheeked with a modern instrument. The worst height error 
was 59mm over a distance of10 metres. 

Evaluation 

Care and patience are needed with this device to allow it 
to come to rest. Heavier construction, e.g. of steel, would 
make it less susceptible to movement by the wind. The need 
to ‘set’ the instrument and check both the setting and res- 
ults is a disadvantage. Its use is restricted to level lines 
and graded lines of slopes not less than 1 in 200. 
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A-FRANf AN11 YL’JMB 

Construction 

Two 2.5m lengths of 4Bmm x ZOmm soft wood wero laid to- 
gether at one end and spread apart by Jm at the other. 
The joint was glued and screwed. Another piece of 60mm 
x tOmm wood was glued and screwed to the side pieces so 
that it formed the horizontal of the A-frame. The ‘feet’ 
of the frame were cut level after marking with a long 
straight piece of wood. A hook was screwed into the frame 
near the apex for attachment of the plumb. 

Setting the Instrument 

Two bricks were piaced 4 metres apart and the A-frame was 
placed upon them. When theplumb came to rest, the position 
of the string was marked on the horizontal bar. The frame 
was then placed the other way round on the same bricks and 
the procedure repeated. A permanent mark was then made 
halfway between these two marks to show when the feet of the 
frame were exactly level. 
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Use and Results 

To set out a level contour, one leg of the frame was placed 
at the starting point and the other was positioned so that 
the plumb registered with the permanent mark. This position 
was marked with an arrow. The frame was then moved up to 
this arrow and the procedure repeated. Care was taken to 
get the plumb as close as possible to the marker. Although 
the plumb ivas affected by the wind it was possible to damp 
the movement by allowing the cord to rub against the frame. 
A line was laid on the contour and the worst height error 
was 13mm in 4 metres. 

Evaluation 

;;ro[r~ss wtth thjs,instrument can be quite fast ercq though 
step IS lrmlted by the phystcal span of the frame. 

The taller the frame, the more sensitive the instrument 
becomes to differences in level. The device described hero 
could be used for setting level lines or graded lines of 
slopes not less than 1 in 300. 
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Construction 

‘The frame of this device was made from t\<o Im hig!l up- 
rights j5Omm x SOmm softwood] and a 2.Sm horizontal joined 
to form an H shape. A lm length of clear plastic tube (1Zmm 
internal disnmter) was secured to each end of a 2m 1enRth 
of met3i eonduit using hose clips. The conduit was attached 
to the horizontal of the frame with nails, and the plastic 
tube fastened to the uprights with soft wire. Kater was 
poured in until the level was about halflsay up each tube. 
The tube ends were stoppered to prevent loss of water during 
transport. 

Setting the Instrument -- 

Two bricks were placed 
frame pbacod upon them. 

2.5 metres apart and the feet of the 
The stoppers were removed and a 

mark was mado on each wooden upright, level with the bottom 
af the meniscus. 
other day round, 

The frame was placed on the bricks the 

made . 
the procedure repeated and two more marks 

marks 
A permanent mark was then made midway between the 

on each upright. Finally the steppers were replaced 

H-FRAME MANOMETER 
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use and gesu1ts 

A level line was laid out by placing the foot of one of 
the uprights at the starting point, removing the stoppers 
and moving the leading foot until the bottom of the meniscus 
was level with the permanent mark. Kith two operators, the 
following man could observe his reading to provide a check, 
fit should also be opposite the mark). The position of the 
leading foot was marked with an arrow, the stoppers replaced, 
and the frame moved forward to repeat t,he procedure. In this 
way a line was set on the cslntour and the worst height error 
was measured as 8rm over a &e,t:nce of 2.5 metres. 

Evaluation 

Care was needed to avoid spilling water 
was moved. Although each ‘step’ was 
(the span of the frame) 
with the previous levels. 
lines or graded lines of 
refinement could be made 
for measuring height differences. 

\, 
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. FLEXIBLE TUBE hATEI: LEVEL 

Construction 

Two 1. OCh woadet1 staves (4Onm x ?Omn) had battens (2171 x 1Om) 
nailed to one side of the broad face. A 1. SRI tape was 
carefully glued to each batten with the aero level with the 
end o:f the b,atten. The txo ends of a l&a length of clear 
non-reinforced WC tube (ibmm internal diameter) were attached 
to the staves by drilling four 1.5mm holes at 4OOaua centres 
and using soft xi.re to secure the pipe firmly against the 
edge of the batten. The tube was then slowly filled with 
water, care being taken to expel all air bubbles, until the 
level was about lm high in each of the stand pipes when the) 
were held together. The ends of the tube were fitted with 
rubber stoppers to prevent loss of Icater during transport. 

To set a level line, the two stand pipes were brought together 
at the starting point, the stoppers removed and the re;:dings 
,taken level with the bottom of each meniscus. (The readings 
should be the same and may be rurrked with a pencil.) The 
ends of the tube were then stoppered and the lead man rook 
his standpipe and stretched out the tube in the direction of 
the line. The stoppers were carefully ret:Ioved and the lead 
n:an moved his standpipe up or down the slope until he obtained 
the original reading. (At this point, the following man could 
look at his reading which should also be the same - this pro- 
vided a simple checking procedure.) 
the lead man, 

An arrow was placed by 
stoppers were replaced and both men moved forward 

to repeat the operation. 
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Results 

ff care was taken, the accuracy of reading the meniscus was 
2 Q.Smm, [the smallest graduation of the tape being l.Omm). 
It did not take long for the levels in the stand pipes to set.- 
tie, and progress was quite fast. When moving the instrument 
the procedure to avoid spilling should be observed. A line 
was laid on the contour and the worst height error was 1Omm 
over a 10 metre distance. 

Evaluation 

Tho accuracy of this device was far superior to the other 
instruments, and it was one of the fastest to use. However, 
its construction relies upon the availability of clear plaa- 

i%!%‘as This is oniy strictly necessary for the standpipe 
the joining length could be any type of hose. 

The instrument daes not rely on good eyesight for sighting 
purposes. A possible disadvantage is its bulkiness although 
the instrument described here was easily carried by one man. 
With care it could be used for setting level lines or graded 
slopes not less than 1 in 1000. 
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LINE LEVEL 

Construction 

A cheap wooden-cased spirit level 25Onun long formed the 
basis of this instrument. A small screw-eye was screwed 
into each end face (on the centre-line and close to the 
top face) and a 1Om length or cord tied to each eye. 
Two staves were made by glueing 1.5m tape measures onto 
straight battens. 

Use - 

Three people were needed to operate this device - one 
with a staff at each end of the cord, and the third at 
the centre watching the spirit level. The leading staff 
man either moved his position up or down the slope, 
(for laying out contours) or moved the string up or down 
the staff when measuring height differences. The centre 
man gave the instructions by observing the spirit level. 
Even tnough the device swayed around in the wind it was 
still easy to see the bubble, which came to rest after a 
few seconds. 

LINE LEVEL 

TAKING A REAUING 
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Results 

The range of the device depends on the length of the line, 
in this case 20 metres. 5 arrows were set on the contour 
in S minutes and the worst height error was 55m in 2Um. 

Evaluation 

Of the instruments tested the line level gave the fastest 
rate of progress. Accuracy might be improved hy suspendi- 
ng the Xevel from the line in a different banner to ensure 
that it always hangs correctly. It was the most compact 
of the eight devices (the level and cord could be carried 
in a pocket) and with care could be used for setting level 
lices or graded lines of slopes not less than 1 in 300. 
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Eight simple surveying levels were constructed and compared. 
Those which involved sighting onto a distant staff were the 
least satisfactory. 9f the remaining four levels, the flexible 
tube water level was the most accurate, but the most expensive. 
The wooden A-frame and plumb line and the rigid Ii-frame mano- 
meter were simple to use but cumbersome to transport. The line 
level (small spirit level and cord) was cheap, fairly accurate,; 
quick to use and easy to carry, but needed three operators. 

All the levels were made using simple hand tools. The materials 
used included wood, screws, nails, string, scrap sheet metal, 
glass, rubber tube, plastic tube, soft wire and a length of 
metal conduit. 

A11 the devices were cheap and simple to construct. They 
did not require delieate handling or skilled operators. 
‘They were all accurate enough to be useful in irrigation, 
drainage, soil conservation, 
farm level. 

roadmaking and building at the 

The four levelling devices which involved sighting onto a 
distant staff (water manometer, spirit level, square and 
plumb and road tracer) were more difficult to use, particularly 
in less than perfeet lighting, and their accuracy depended largly 
largely on .the operator’s eyesight. Ia each case a robust 
tripod would have been some improvement over the mounting pole 
used, but would have made transport more difficult. The 
remaining devices which did not require sighting onto a staff 
seemed more suitable for unskilled opera’tors. 

The A-frame and plumb and the &frame manometer were simple 
to make and use, but were cumbersome to transport and could 
only be used over fixed intervals equal to the lengths of the 
frames. 

The flexible tube manometer was the most accurate of the 
devices. Measuring or marking out gradients of up to 1 in 
1000 was possible with this instrument. It WBS on@ of the 
fastest to use but was the most expensive to construct. 
Being flexible, it could be used for levelling two points not 
in sight of each other - a common problem in building consr- 
ruction. 

The line level was cheap to make, very easy to transport and 
a very quick means of laying out contours, but required three 
operators. 
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AGRlCULT,U’ilAL EGUIPMENT AND TOOLS FOR FARMERS DESIGNED FOR LOCAL CONSTRUCTION 
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No. 44A 
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THE "WANANCHI" OX-CART 



DEVELOPED BY: Originally designed by Rev. V. Swenson of Singida Mission 
and later developed further at T.A.M,T.U., Tanm.ia. 

DFSCRIPI’ION: Built to carry a load of 1400 lbs. (6% kg), pulled by two 
oxen. 

e 

An important design feature of this cart is the wood- 
block axle bearings, each made of two pieces of wood, oil- 
impregnated by .soaking in hot oil , the axle bearing hole of 
l$' (38) diameter being drilled centrally through the blocks. 
This bearing design facilitatea ease of maintenance and 
renewal of the bearings by arpentars in rural areas. 

Each of the wheel assemblies is ar, integral unit, the wheel 
spokes waldeC to the exle shaft. 

Note: - Figures in braekete .sre in millimetres. 

n-m - NANE - QUAWXTY ITEM DESCRIPTION 

A SHAFT 1 Of 4" x 4*l x 168** (102 x 102 x 4269) soft wood. 
or a termite-resistaat bush pole can be used 
instead. 

0 FRONT/BACK 2 Of 1" x 12" x 52" (25 x 505 x 1Xl) eoft wood. 
WARD 

c SIDE. SUPFORT 6 Of 2" x 4" x 19" (51 x 102 x 452) hard wood. 

D SNAP? BRACE 2 p x l&l x 36" (6.3 x 5d x 914) mild steel. 

f ~~~~ : 

Of 1" x 12" x 48" (25 x jO5 x 12l9) soft wood. 

Oi 2" x 4" x 92" (51 x 102 x 1829) hard wood. 

a k?IENLAssENBtY 2 Wheel rims of bet x &I (102 x 9.5) mild steel, 
p (762) diameter, with &I (19) diameter 

f epokes of aild etsel bar, 12 spokes per wheel. 

H AXLE 2 Each of W (762) x 14" (38) diameter mild 
steel bar. 

J AiWi SEARIN' 1 Of 2" x 10" x 48" (51 x 254 x 12l9) hard wood. 
PLATE CHASSIS 
CROSS mRsR 

K WOOD-BSBGrK 4 hch bearing consists of two pieeea of hard 
BEARINQ wood f" x 4" x 10" (96 Y 102 x 254). 

L OREASE CUP 4 Of screw-type design. 

. H BEARING BOLTS 8 10" (254) loru~ x 311 (12.5) diameter mild steel. 

N FLAT iJASHER 8 Of 12'1 (9) inaer diameter, in pairs each side 
of inner bearings to locate axles. Inner 
washers free cb rotate and outer wer;hers welded 
to axle. 

of 1" x 12" x 70" (2~ x 404 x 1978) aoft-&@. 

'U' bolt of 4" (12.5) diameter mild steel. 
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No. 448 

CART FOR ONE DRAUGHT ANIMAL 



DEVELOPED BY: 

DESCRIPTION: 

CART FOR ONE DRAUGHT ANIMAL 

J. Wirth, EnKiwer at the Tanzania A&cultural Machinery 
Testing Unit, Pantania. 

Designed to carry D. load of 900 lbs (118 kg), wiled by a 
single ox or donkey. The wood-block axle bearings fitted 
untierneath the cart body are oil-impr@Knated by soaking in 
hot oil before drillin and assembly. 

Both the front and back boards of the cart body are 
removable. The cart shafts can be made of tubular metalpipe 
instead of timber if extra strength is found necessary. 

Note: - Figures in brackets are in millimetres. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

& 

sHAFr/cHASIS 2 
KEHBER 

AiUE BEARING 1 
PLATE/CHASSIS 

WOOD-ELOCK 4 
BEARING 

CORN&B SIJWCRT 8 

DRAUGHTHOOK 2 

HARNESS EYE 2 

WliZRANDAZE 2 
ASSEMBLY 

SIDE KlARP 2 

FRONT/RACK 2 
BOARD 

OIIGASE CUP 4 

FLP.~ WASHZR 8 

ITEM DESCRIPTION 

of 2+ x 3$'@ x 153" (64 x 89 x $386) wood. 
Shaft 1enKth can be varied to suit animal size. 

Of 9” x 2M x 45” (198 x 51 x 1145) herd wood. 

Each bearing consiste of two pieces of hard 
wood 2#" x 3" x 7" (64 x 96 x 198) with a lilt 
(52) diameter hole drilled centrally for the 
axle. 

Of 2" x jr' Y 18" (51 x 96 Y 459) herd wood. 

Made frca 4" (12.5) di,weter mild steel bar. 

Made of 6" (9.5) diameter mild steel bar. 
bolt-heado countersunk on inside of shafts. 

All parts of miid &eel: wheel rirs of 3" x 
(76 x 9.5) 28” (911! in diameter; spokes of ! 

'1 
'I 

(X.53 diameter bar, i2 spokes jar *heel. 
Axle of It" (32) diameter, 25" (635) long. 

Of 1" x 12" x 51" (25 x 305 x 12%) ooft wood. 

Of 1” x la*’ x 54” (25 x 267 x l,92) aoft wood. 

Of screw-type desifl. 

Of lt" (32) inner diameter, in ~nire each side 
of inner bearings to locate axles, inner 
washers free to rotate and outer washers welded 
to axle. 
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No. 44C 

OX-CART' USING OLD CAR WHEELS 



Rev. LA. fiobertson, t&mje, Malawi. 

This cart maker; “tie ot‘ the front wheels from a” old cer 
or lorry. the wheel nountinge bein cut off and weloed on 
to .?I box-section axle febriceted fprlm ~nple iron. A C.-u 
rear axle complete with differential can be wed, but 
this adds unnecessary bulk and weight to the cert. 

The cart chassis and body are constructed o? wood, all 
parts being bolted together. The body side and end board6 
are made of planks iv@ (19) in thicknew, end are detachable. 

Note: - F&ares in brackets are in millimetres. 

STAKE/RIB 

CBASSIS mm 

CiikSSIS BOLT 

CiiA.sEIS ciiOgs 
- 

SNAFf BOLT 

CLAeP mATE 

RIB StlFRUiT BOLT 

SLIDE RIB SUPKlRT 

llMQa 

AXLS CLANF BOLT 

QUANTITY 

4 

14 

5 

4 

1 

2 

8 

4 

3 

4 

8 

2 

2 

4 

1 

1 

ITFS DESCRlFT;ON 

Slots to movide for remove1 of end boards 
formed with 2” x 1” (51 x 25) wooden slats. 

2” x 1” (51 x 25) hard wood, OP appropriate 
len@h to euit required height of cart side& 

Of t** x 12” x 84” (19 x 305 x ?A341 soft wood. 

Of 4“ x 4” (102 x 102) s(Iw1 timber, or a 
tereiine-resist.?& \I!!?& pole CM be wed instead. 

Of 4” x 2” x 84” (102 x 51 x 2l34) hard wood. 

of $1 (9.5) diemeter mild &eel, 8” (2031 
long. 

Of 3” x 2” x 60” (76 x 51 x 1524) hwd wood. 

Of $@‘ (12.5) diameter mild steel, 81’ (205) 
long. 

Of 2” x 4” x 3” (51 x PO,? x 12.5) mild steel. 

Of 6’8 (9.5) diameter mild steel, 6” (152) 
lW. 

Of 13” x 18” x 84” (38 x 5(2 x 2l54) hard wood. 

Root wheels from an old vehicle. 

Of 3” (12.5) diameter mild steel, 12” (305) 
long. 

Of %” x 2” x 54” (X0! x 51 x 1372) hard wood. 

pieces of 2” x 2” (51 x 51) angle iron, 
54” (1372) long, welded tolother to form 
box section anp>e. 
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