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1.- PIJRl~BL~ GR~lN CLEANER 

.:.:.·. -

.i. -

i llJD IULI 1 I OUL lit-ik 

SULAR ENERGY POWERED CROP SPRAYER 

DESIGN AND DEVELOPl·IENT OF A THRESHH~G 

TANZANH\. 

~-- ~ SIMPLE LOW-COSl RICE BRAN STABILIZER 

6.- BiJTSWt-1NA 

lN 

7. - lHE. STE.RI LI Zt-ff I ON ANO DRY I NG BY STEAM f'ROCtSS l NG 

( E I UVAGE J , THE CONCEPT I ON OF AN ART I SAN O\/Ehl 

8.-

9.-

IHE PROCESSING OF CASSAVA 

DES l GN, DE VELOHIEN r , f"IANUF 1-1·:-. LliE 

EQUIPi"IENl 

OF 

11). - THE lJESIGN Ar..io • :ANUFACTURE OF MAIZE HULLERS 

11 • - PRODUC; I ON OF ED IBLE SYRUPS FROM l'JOLASSES 

12.- A LOCALLY MADE GlONE MILL 

1~.- HAMMER NILL AND GROUNDNUT SHELLER 

14.- ,:1 ltYDRAULlC JUIC[ f'RESS 

' 

LS.- SMALL-SCALE GARI PROCESSING TECHNOLOGY 

16.- MAN~AL AGRICULTURAL, TOOLS 

17.- Gt\AlN WlNNUwER 

18. - {\ t-IAND CUl TER 

19.- SPIKE HHRROW 

~0.- PAC~.ER OR BALE MA~.ER 

-.:.1 • - l'h·HJllrlL uF\A 1 N, :ittELLER 

'•'· -· rt tht.::~t·n~R 

SIMPLE FOIJD 
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p. 1 

Clt-an yr-.;:i.in 
lt2~s chance ot 
toad products 

c.:an be dried mor-~ etf.ic.i~ntiy, ~ton:!d 1r4ith 
damage and proc~ssed into ni~her quality 

n.e - portable grain cleaner 
(tig.l) was jeveloped to fill the 
need tor a taster and more 
efficient lllethod of grain 
cleaning. 

The mcich.ine is easy to operate 
and convenient to service and 
iuaint.ain. 

Technology d~~cription 

The portdble grain cleaner 
consists at a frame, body, engine lit~-t1.iM!f.~~iiii~:! 
or electric motor, grain hopper, hg1Porbble6ninc1Hner 
oscillating dual screen assembly ~nd d centrifugal blower. 

The body and grain hopp~r are ffiade from plywood and 
angle iron is used for the frame and legs. 

r~.e eccc-11trir: cind support linkages of th~ scr~en 

assembly --ause it to o!:>cil late, wlu.ch mov~s the grJ.in ovt:!r 
tl1e hori;:ont°"d ~creen. 

Process ta dpply the technology 

During operation, grain .l~ 

loaded into the hopper and fed 
into the oscillating screen 
through the bottom op~ning 
and reguldted by the slide gate 
(fig.2). 

The top screen separates 
the impurities that are bigger 
than the grain and the bottom 
screen separ~tes those that are 
smaller. , 

As the gr~.in drops from t~e 
lower screen 'onto tt~ wind 
board, the ~ir'bla~t separates 
mdterials 11ght~r thdn the 
1Jr.:11n. 

Cl~"'n 
co1 l i::c t.~d 

l)r-ilin is thE!n 
.:1t ti1e' gr..t1n chute. 

_,., ........ 
... c;.......,. .• 

-~ ... -c--- .. -
f1' 2 Cros; 5ect1onil v1eM of cle•ner 
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PUklA~LE bRAlN ~L~ANEk 
!:!o-\ tt:.-r i.:. l ,o; r-equ ired 

CUl1f'lJNENl S f"ARI S LI ST AND l'"IA 1 E:I"-: l ALS 

1.k1rt qty de'='cription or part na1ne 
nu1n rqd 

1 1 
2 1 

" 1 ·-· 
4 1 
"' 1 ~· 
6 
7 ') .... 
t3 .... 
9 1 

1(1 ·--=· ..... 
11 1 
12 1 
13 4 
14 4 
l~· 2 
16 ... 
17 12 
18 '"'.• 

19 ..... 

::(1 1 
21 1 
..... ~. 1 ...:..~ 

':--Z 1 -·-· 
:24 l 
::5 ..... 

~.· ..;;.o 1 
:_7 ~, 

blower housing assembly 
blGwer assembly 
electric motor 1/2 Hp 
V-pulley,sectior. B,3"0.D.,l/2"bore 
bL-1 t CJLIC.rd 
l/8"dia1n. ,spring wire loc•~ 
ball bearing b304-2rs deep groove 
eccentric bearing clamp as~embly 
V-pul ley, section B, 7"0.U. ,l"borc 
pillow block 1" NP-16 
eccentric shaft 
engine base assembly 
vibrating plate pivot assembly 
vibrating wood plate 
eccentric pivot assembly 
eccentric wooden linkage 
brCic• .. et clamp 
screen shaft 
Ii 1' ting bar 
grain screen assembly 
screen frame assembly 
dust spout extension assembly 
wind board 
sliding gate assembly 
hinqe 
grill assembly 
screen tiide fasten~r 

liecc11n111~ndt:d top ~creen sizes 

rl.ce 
sorgt1um 
soybec.n 
~1heat 

111urHJ bcc...n 
mai .:P 

t:l-9 n1m' ( ~21)-::'.'...::) 

b-7 m1.1' (tH4-16) 

l-t:l mm' (~18-20) 

~-6 mm' (_.l~.5-14) 

10-12 lnm (t*:.6-31) 

p •.• 

1oa t~r ia. 1 
re4uired 

ste~l 

steel 
motor 
pulley 
sleel 
S!Jring 
ball b~ar.ing 

steel 
pulley 
beo:.tr·ing 
steel shaft 
steel 
bronze 
wood 
bronze 
wood 
steel 
steel shaft 
steel b..:~r 

steei wire 
steel 
steel 
wood 
wood 
stt!~l 

steel bars 
stet-1 
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1-·ut, i, .L.Lt:. GI\,:.:, 11 J L.:L.l::.t•f ~u-: 
I' • 

G~~!...!....L~~ -.fJ..:!.!~~l--• l _ __:.!.lill~~L-.:c ;.<_!.. 

II.,: ..:l.._.._.i1t:r- .lS ~•1•-~11, 1.Lyht i111d c .. ,11 lJt:: 

J1.::~µ=>. "-"is or- t1-.:ulers for long t1-ansport; 
c<..1r1 bt-" inser-·tt~d tt11-ouqh loops on the fra111e, 
can C--u-r-y tt-.e clean<!r to the cleaning s.L te 

-•LLUlllllllJ...J._, lL•LJ .ln 

t~·'o hand 1 e ba r-s 
so thL1t two Olt'O 

i·ldcl-1.ir1t! chcir.:ic:::.~r .Ls ti.cs: 

Higli c.:ip .. 11: l ty - up to f.lnt:: ton of p.:.duy pt?r- r1uur 
L0•-1t-1 po~"•-"r- t-t'qu1re11H~·nt - 1_1.:::11) Hp t-leclr-.ic .:,olur" or- 1.1..1 

Hp y<.tSul1nt: enq.1.ne. 
Lui.-1 1 .=iL .. 1ur- u11t.! t.u two 1ht:11 tu t t::i.:ll ulH.l bag 
ti:.~ qr-~1n 

lei;;<..:' OT II; .l n l.1hLllil .._,,j J LI~ tlh.:-1"1 t::. 
op~r .. , t .Lo;-, 
(-lu l t l.C rup 

-tt1d 1n.s1nt~nc.tnce problt?1n=.. 
cc:tp<..1bi.lity - two ~cr~en=. ~-Hll1 

torJ ::;Cree 1. 

~J.ltuj:de dt-~.:cjn .LLtt-9r- .... l st-i..1Tl 10~-
o:::,.:1llati.nq scr-t:.::n dr.Lvl! .:ind t"1n. 
H.i9hly 1r.ol:JJle - can be c.:.,rri.t'd by two 1:.£:11 

Sµ.:;..:: ._ T .Lc .. -.t.Lons: 
r'Oi-h::r· ,_,. ~· 

1 .1) 

Hp 
Hp 

~l~ctrJc motor or 
g.=.so l J.n~ eng int:!' 

~·•l2.Lyt-1t(wi.tt1 t21!.lctric 111otor) 
l ..,;·,y th 
lo'll.d th 

hL'llJUi 

capdC.Lty 

g ,- .:t l n pu .... l t y 
L ciris t r·uc t l c..r1 

co1nponeri t speeds: 
screens 
f.:.n 

l ... t;oL: r r .::,q Le l r t:ll1..:n t 
tu~l Lon~wr.pt1on(ictppro::) 

Wr11.:r1 operc::0t1ng lr1e 111 .. 1ctnnt! 
.Ln op~n ared~~ d~ter~in~ the 
i-11r1Ll dir-t:.'Ct.Lon .:.ind po~ition tr1c 

1r1c.ct1Ln1~ <ss shu"m ( tig. ~:.l b::> 
prt:.•VL•fot duSl clrld ilJl(.JLlrl.ll.~~ 

tr·l.i.11 tly11hJ ll~·c~ to thL' 
u1•<-·r.._1tc,r~, and cl..:-.ctni:!d CJr<-11n. 

1-· ... c~ tl1..: 111r.1ch.ine cH1 t ino, 

72 Kg 
!~•"":!' --· cm 
b7 Ci11 

l2b cm 
up to 
rice) 
up to 913 I. 
wood .:.md ';.lt:L'i 

r:_.,_, rpm 
7.:;-.(1 rpin 
1 - '...; Hlt.:L I 

(l.5 lts/IH" 

lL-'.e;;:l (jruL111t.I. It th~ 111c;1C:h1n~ ' ~~ 
'..._c. h~•s l.o bt! loc,1tt!d on ~ott ~.,-. 

CJr.::.0ur1d. plr..•Cl: the lt::gs on• 
lio"1rdc,. ~tor .. ·!S or hc.1rLI 
01.•lt:r-1,d~ lLI prl!vt:nt tt"1t! J.: ... ·g~ 

\ .. " .. ~ 
fr u111 .-.1n~ .1.111;, dL1ring opt>r-.ctll.cJn ~-----------------·~--------------~ 
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nh·i~i'I:-'. l..:.-.:1 
ll•"-PECl tl1e 

lhe 111 ... -.ch.u1~ be tor·,-: c;p...:r._, t.Lnq 
111act11ne tor- loo"-~ bolts, 

ctn.J tllJhl~~I) o·· r-t!place u·1121>1. 

'.>t..:l•.'Cl tl1t.' 1.ir·opL>r s1;:l! ut ~L.f"t.!<::11 tur· Uh! qr -1111 

p. ·• 

F L.•ce _, C.::<llVdS on tile vround to collect the ""µ1 l lage 
dl•d d su1ta~·dt> ccnl.:..iner· tor· collt=cl111y tlie clec.1n yr·.:.1in at 
the cr.ute a11d tr-clnsferr-H1g it to the bagying stat.ion or 
olt1...:r· "'-tor-cige fc:1c1l1ties 

bt'iore starting the engine check the cran~case oil 
le~el, air cleaner condition a~d service as recommended in 
the engine operator"s manual 

Move the belt tightener lever- to th.:: disengaged 
position dnd start the engine or electric 111otor. Engage the 
belt t1gl1ter1~r level to ct1ec~: and observe the operation of 
the machine for possible malfunctions ._uad cor-rect as 
nc;,c~~'Jary. 

f·Lt 111 t~11 ... 1nct: 

Lubr·icate the two pillow bloc~ be~r1ngs every 24 hours 
of oper-ation. 

Periodically apply a few drops ot oil in the hol~s of 
the piv.:>t .o.ss1?111bl1e::; of the 1-:>scillating scre"""n assembly. 

Alwclys release the belt tension after each use, 
d1~en<J.:.g1n.;, the belt t1ghtt:;11t?r lever to e;:tt?nd belt lit~. 

fur 1'ur·Lt1~r- infonnat.Lon rt-ter to: 

I f;;R I 
Agr J.CLll tur<;d Eng in~~r 1ng Dep,1rt111tO"n t 
Ir1 tt-rnc.i tional f.:.ice Res~arcll In::;ti tute 
Rict0- Found. 
F'. 0. [1u;: 9~53 

Mdnil~, Phil1pp.Lnes 
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COMPONENT PARTS 
- ~ESCRIPTION REF REaD DESCRIPTION 
BIOwt• ~1119 auembl) 9 I V·pulltr, HC1o0n'B', 7"00 l"ba11 
BIO•t• an1mo1, 10 2 P1llO• block 1" NP· :6 
Eiec•••C ma1c.r.11211p II I Eccenuic •llDll 
Y·P.,ht),MCllOll

0

B:3"00 112"bort 12 I En9w11 Dau ouem1>1, 
13 4 V1Dtu11rw;i p1a11 P1Val D\Mm1>11 

118"01a •P•lllQ w•re lack 14 4 
I Beu 9..010 

Bon 1119 ,6~4-2rsoeep 91oow1 I!> 
V1bra11n9 wooo p1a11 

2 Eccen111c P••OI outm1>11 
Ecun111c DtO•ong Cial"IP ou, 16 2 Ee"""' woooen 1.nka9e 

@ ~ ' -, ~ 
I(/ ,.,:, T ,T~,. 

Fq -- - ~ : <:cs''". -/ ~ I !~ I 

I 
I 

I 

I 

(2 

. 

C"ur.l,......1 .... ....1 ,.,,,,, ........... _ ..... L...1-. 
.... A. ..... 

- - - -LIST 
REF REO'O 

17 12 
1& 2 
19 2 

2':> I 
21 I 

22 I 

23 I 
24 I 

2~ 2 
26 I 
27 2 

. ---·-

OE SCRIPTION 
Bra(kll c1amp 
Screen •l>Oll 
L1ll1~9 Dar 
G•o1n •creen auerr.D•r 
Scrun flomt o"emc11 
Ou•I \POYI earen••O'• auem1>11 
W1nODOOrG 
Sh01n9 9a re au1mo1, 
H1n9e 
Gflll auembly 
Scrttn "Cle fa.1tntrl 

-·-----

- - - -

I 
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LJ.--_,c r· J. pl .Lun: l'lul tJ.-~1ur j)l!"->t' dgr i.cul tur ... d ...... ·Lill 1e 
r·td~.GQr~AT:SO ru u::) • 

p. l 

To tt1t> o:;-driven tool bdr- .. d111ust ... ny type ot 
cultivation t.aol can be attached and .Lt can also be use~ 
for c ... 'tr-t.Lng or transporting drums of wat~r. By removing 
so11•t2 of tt12 co111ponents from the tool bi:ir· cl 1r1.=-U:_i.ng model 
c~1n be cTedlt:d 1r1hich allows inter-r-ow cultivation wtlen 
crops are t3ller. W.Lth this machine d new app~opriate 
till~:tlJL" s1-ste11a •li'-'Y t.."1 realized. i4t t11e ~.:1me time tt-11? 
toolb ... ·H- ..:~n ... dso b~ fl.tted 1rat.n a tllOl.lldboard plough and 
also ~s a two-row planter so that .Lt Cdn b~ used with 
con ,,1e11 ti on al anett-iods too. 

The 111ult.L-i::.urµose 1i1c.cl1.u·,.:, c.:;n=.i-sts of .:.n .Lron 

tr·.=-,11,;:- on L·io 1r1h~els <:tnd severa.l i.1T1ple111.:::nt::;. fh12 tull r-ange 
c..n::! c.:-1rr.Led on tr-averse subfrc:".mt>::. 1rit11ct-1 c la111p on to the edge 

angle iron frame. Since ~ubfr·.:11r11..::s cc.in bt- posit.Loned 
aL:in<J u-.e w1ut11 ot u-.t::! trd11 • ..:, e.Lther one or two 

plctnter· un.Lt~ 1n.:.y t..t? ust:tl c.,t row w.L1jtl1s v.:..rying froatl 75 cm 
tc. l•~nJ c111. L)tt'c:r tools c"n 11~.i=vase 1,~ pos1t.ont'd ct~ 

d~s1red for prevailing circumstances. All of the bolts used 
111 C\SSt?iuhly ctrld ..:tUJUStnn::.>nt of tt·ae COi11p011t'-'1·1tS ar·c- tt·1t? SC.me 

si::1:2-, 12 10111., so thc.tt only one si..;:e spannt-r J.S r-equi.red. 

lht> fra111t~ of t.t-1~ tool b.:c1r can b.-: r.;\1sed dnd 

10~·1er~d e;,c.-:ord.Lng to the workln•J depti-1 rt:quiri::>d. A planter 
Lin.it ir.cu,.-iJorc.tcs th~ st.•t.:d 1l1t2terirHJ cJrL1111, th~ ~l:.;;d prEo~s 

1riht-el, the Chctl.ll dra1J and the Opt~n dr •. u]. Tt·1e tt:rt 11 lZt?r 

applic~tor consist~ ot a metering dev1~e ~n~ subsoil~. 
shc.<r1~. 1rntt·1 .:t tube e~:tend.Lng dowr1 tt1i:: bc.<i:k to d.:=l.iver deep 
Hilu u.~ ";;-01.l. Tlte un.it 15 d~S.l[jrtt:!d Su rt1i---t Lt C<.11'1 b.:= LlSt?d 

.Lfi ..::o.nbLn .. 'ttion 1<atl1 the p'l.:tnter-. lht:: di'sc h.illers •ll--IY be 
ust.:d t;utt-1 tor· tt-1rowir1g ,n-,ay tht:: so1 l r,.-0111 ti••: pl.:1nts :ind 
tt1~1 rLdtJt? bu.Lld11HJ. Full s~ieeps 11:ay b~ t'.LtteJ tor· stubble 
1nulcl1.i..1HJ. ~Jilli tht.: tuul trc.;ne in fLlll duw~·i pL1s.it1wn, 1t 15 

c\ very conve111ent hei1~ht to'r carryinCJ wat'er drL1ms or other 
goods. E<y t 1tt1ng t l oor bo.ards arid s1'de~ the too 1 bar 
tJeCD111t:s .:. scotch Cdrt cc.p~-.bl~ ot c .. 1rr·y1ncJ ":•(•(• ~ q. A w .. 'tU: . .ing 
l111plL'1l1l!Jd c._,,. la! C\~~t:n1lJlL'U, wt1J.Ll1 C...111 ~L-' t'•'~1:d lC1r .1J1tL·r--rc1w 

cu 1 t l. v .:1 t .l on • 

t'1=:. 1r1L'll a::.> t.'t;-l.flg t.·.:trt::!11tc:.·i'y Vt:r!...~•tll~, 
toult.Jr LnCGrµar~tes d ~~~ber Ot ~Udltl~nJl feutures 

I I 1_1 

c..id crop pr·udL1ct.ivi.ty ._111d ,'ILlr.\llty. ·1he tuuib._,,.- will:--
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t11Jr l<-Ui t.11 _,I l·l-u:t.11k:i· 1 -•11.J l1!1~.liL-.1i.~l1l.,, 

~L' l l t?ro,:1011 l t1r·uLlLJ I 1 111.._._1 n t ..._, i 1, 1 r • q LI ... ~ 
r,;,s1duo.=c; .;,s SL1r·tace 111ul...:11, 
CuflS'2t"Vt2 inOl.StUrt= also by l0ciV.lf11j U1~ =.ut·t-1Ct': 111ulci1 and 
ti.lli.nG only the top ten m.ilirneters of soi.l, 
cnntrol ~~eeds 1ratt1 ttit- use of T~;:c.s style ·~1r•t;,ep=. i.n 
cc,.nl}l.n.:>l.i.on ~~ith d1~;c h1ller·s, 

lncr·,;:-a,o:,e .;ic:rir.Jr-....1lion c:<lld rt..:duLe Stc:t.:L.1l.ir1q 111.:..it-Lidity. (H 
l .l. :s l.:.-r s, 1an~ dhe.:1d of the µ 1 c1.n t.:;r·, w l 11 .:.d low ttie seed 
to be placed .in the 11101st oi.l.), 
.i1nbed f:.h,_, seed t .ir·1nl y in 1no.i~ t soil b·=> for·e covering 
~-u th tile ~'='t=•="J pn~~s 1r1heel, 

- 1r1.:.1~-.12 better· use ot terti.li.::er· thr·ou1Jl1 c:.pplyi.ny the 
f..:.•rtili;:er· below the- .:;eed when pl .. 1nt1ng. 

~ report and complete set ot drdwings are availc:.Lle. 

Std tu=. o-r Cu111mercial1;::<.1tion: The 
Botswan~ si.nce 1973. 

Cont<.1ct t:.ddrt::!ss: 
l"toc hud l F ar111er-=; Etr· ig.ade 
Bu;; 2(11) 

l'loc liL1d i. 
R~public or Dotswan~ 

tool l.S in 
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p. 1 

ll"""1t2 spr-.;ty'~r- i.nvolvt.:.'c::. tll..:• L1~:e Gt 111inute 
4u<.111LJ.ti~s L•t h~r-uic.iui.;;s or· ir1~t.!Lll.LJ.dt" d11d 
the ener-gy for- sprc.y ing .l;; prov idt:-?d by the 
sun, u~ing si. l icone photovol tc.ic cell~- and a 
b.:itt~ry of th-Cad cells. 

lt'Cl111iC:1-1l ~111d t=Cl!llUlhJ.l.<.1l llL·ldJ.}=.: 

rt.e pt.olu-vc.dta.lc Yt'llt't~1tur CL•111pr-.l.Sl?S a 
p.:£1t-l, cibuut :.::; . .::. c111:2, t"quippl:d w.ltt1 :::.t:J se:1r1i--cin:ular 
S.l.ll.Cl"Jne cells, 7.5 cm in diamett"r, conr1t.!Ltt"d 111 ~~r.ies~ to 
deliver about 6 wdtts dl 12 to 14 volts. C~lls are r~ted at 
.:.i cons12r-vati.,,.t2 Jc_1o.) 111W/c:111::: light intt:-nsity to d;;:,-1.i.,,.c-r, each, 
500 mA c.t 0,4~ V. The pane! is prot~cted by ~ blocking 
d.lode. l t d l so ~erves d~ a sunshadt? tor the opc-r-.::1 l.or and 
only weights 1.2 kg. Eight Ni-Cad cells in the handle of 
th-2 sp1-.otyt'r Clr-t~ ser-ies CL•nnected and dt full charLJe dt-liver 
l r; v each (tot.::il 9.6 V) viith a Ccip.acity ot 4.0 Ah. They 
function both as a voltage stabilizer, m.aint~ining a 
constdnt 7000 rpm cind also to store the considerable excess 
power g~nerated by the panel during periods of ffi~dium to 
br.llJht SLinliuht Li to 6 ~Jotts) over- tht' :-~quire111e11ts at the 
sprdyer (U.8 to 2 Wdtts). In continuous operation ror eight 
hour-s '' day, stc~vf!n dc.ys a week, the batteries ~'ert: found to 
be as Tull o1 chdrge as on the first day. 

The advantages of this technology l i•~s in the 
very light L~qL1.l.f•t1o.:~nt, the reduced qLL:o1nt.lly or c:.t.e111i.cal 
solL1tl.on nec~?ssary (15 litre's per hectare instec.d of some 
::'.c)(l litr-t::-!;>), and in the fact that no !al.lour- for pun.pi.ng the 
spray~,.- i.s requir~d. 

No details provid~d 
, 

Lon t,.c t hddn:.•ss 

Dr. R~y WiJewarden~ 
lnternc1tional Institl1te ot l"rop1c~d 
Ayricullure (IITAj 
I'bad ... =.n 
~HGERlA 
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H.:1rVL'St111g i~ don~ by uprooting tt1e e11t;.re ~d~.;.nt when 
pulls ladve tully ripened and dr.Lt?d. rtn? h~,rvt-~ted plant 
t1~dped .:.nd bundled r~ady to lJe 1noved to hc.ane~tei•ds, if 
are located near the tields but where homestedds are 

tar <:tvla)• ti-.r-e~.lnng is done J.n the fields. 

l'Jinnolfang ot tt·1e thr-eshed be.o.ns J.s done entJ.rely 
depending u11 ndtur-dl lf1ind speed. Th.Ls .is ctCCu111plished by 
pouring the m.:.terials in d winnowing vessel trom slightly 
.;.bove ones head onto ttie ground. For 111ore etfective 
cleaning the vessel is shdken while the material is being 
poured. However. ettective cleaning depends mainly on wind 
speed which cannot be controlled. The mdterial poured on 
the ground is likely to be contaminated. 

=.1- Design .;.nd construction aspects ot the thre~her. 

A rubbt:·r i;: ed 
was designed and 
machJ.ne is shown in 

cylinder and concave tyµe ot thr~~her 

constructed. The set up of the thr~shing 
fig. 1. 

Tt1e dru111 w.:.s construct.._>d trum a •-dpo•-- log \f1t1ich was 
111actu11ed in a lathe machine to ~.(H) irun di.ianeter and 3(1(1 man 
1rnde. The log 1rJas tt.en ti::ed on to a 2() ff11n mild steel 
shatt. The shaft WdS supported by two wooden bearings, one 
on each side. The lJeclr-ings were ti };ed onto a 5(1 nun :: 51_1 mm 
. 5 mm angle iron frame. 

S.i:-: strJ.ps at used tyres were bolt:ed onto tl1~ :=.urTace 
of the log. The strips were mdchined to uniform thickness. 
Halt of the str-ips were 6 mm thick and the rest were 3 mm 
thick. The di1ferent sizes were then fixed alternately. 

Th~ concave WdS n1c.td~ from a 16 gaug~ st-1eet n1et.;;d. The 
then curved to follow the curvature ot the drum, 

tt1e , c lear<.•nc~ gradual 1 y dPcreasing from top to 
lh~ lpwer part of the concave was connected to 

sl1eet was 
but 1-1ith 
bottom. 
mOVt"?<.1ble plate~ scn~w~d onto tt1e frame so .:.s to enable 
adjust.111.0-nt ot , th~ cli.:arance. Thri.:e us~d tyre strips were 
also t n:t-d tq ,the conc<.1ve to c.;;,erve as rasp bc:1rs. Tti~ strips 
werlo! 60 mm 1-1~dF dnd 5 nun Lhick and 1r1ere pl.:.ce..:I :..10 mm and 2(1 
nu11 .::1p<.1rt .:.tt tt~~, iCJWL'r µ.:.,rt of tl1e c:onc:<.1vL'. 

-,,,'-" clrL~lll, "'·-•!..> thL'll COl111l~CtL·d ll.J <.J IJLH;IL"r u1-1v1.: ~l1..1ft 

tt1rlJ1.llJll .. , L.ic:,y~lt: ct1.:1.in. Tl1v cJrJ.ve ~t1citt "'"'~ .. d~~o ~1.1pported 
tJy ll'li"IOCIL~n b£~a~1f1CJS which Wt?rP them f1.::L'd onto the tr._iml.!. 

' 1.-l!nnovit:r r11L:·Chanism i-1c.1~ dt.:~ll)nt..•cl .:ind cor1~tn.1c tt..'d ll~.1n•J 

IJ ... '1lllJ~ :m:1ld staul ~t)12et. (-\ :filn """'~' cons.truct.:.~d -from .:. 
~tf!t!i sl1att .a.nd tOL1r· ..56(1 mr11 :: '21U 111111 cur·;i::d llll:ti:\J 111111 

s tll!\;! l ,~ 

rdrJ J .:.'1 l y 
tor ward. 
bt?c.1r Ulfj. 

t .l ::t!d in 

to tonn t .. =.n biddes. l'hu t.d •. 1d~s i-H .. r-e ...trr- .. u1qad 
on tit;; sh.:.itt. rllu bliHJ~~ v1~n1 U1£1n ~lJCJhtly c11rvffd 
fh12 ~h.-1tt' vMs. ~1m1l.:1rly ~l.q:iportL:d by wooden 
re.in' hOUSlllrJ I-Ir.I~:. mc.1dt:! tr·nm lht? ~hE:.·f~t met .. d .and 

~:.L11.',t1',', C.1 "'•~Y t11 ... t t~t! r.lyc.ti~ .. Hh.:E! l>t0:tWl!er,1 ll dlld thl::' 
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Lil ... ut:s 
tt1~ tt.r-e::;t11nq 

1n1~1. lhe r""ra "'-''!:>then rl.;.t::..J ,11""yu11.:.11·1 t."'101.-J 
inL·cta~~n.l!:>•T•. 1-111 .;..ir duct tr.:.11: tl1~ tc..n wC:t= 

l.fk 1 llied .:1t 
,. :='.•:• 111111 no.!. es 
l n.: 1 i.no:;d .:. t 31_1 

bt" l C.•w t t ,._~ d ;- um1n • 

-:.h"·it. ii~ th .. t. 
,,r·r·.:~nge111e• i l 

thresher. 
l.S 

t.Jeg r.::~s. t-tbuve the duet .;. :::;.: re..:n "' L l t1 16 mm 
"'as plc..ced. Bt:low the scr-~en d CGllector­
degre~~ was placed. The screen w~s ~BO mm 
Hie tL.~n wC:t.::, driven L>;. ttte s.::..me µ01.-,er drive 

u t the drL11r1 thr-ougl1 d b1cyc le chain. The 
~uc.t1 th.:.t on~ p~rson could 01=ierL.1te the 

F·t:r-ror1ri.:111ce or the thre:.her. 

r-·c:rton11<1nce tc=-t was c.:irr-l.t!d out ..... L tl1l: Su~.ul.lh:~ 

Univt.:r~1ty tarin. lwo ~dr.ltties or beans l.t. CC:tnadian 
wond12r and l'lu.:ssi. red were thre~h~d at 1noi.5ture content (wee 
basis) ~1 13 % and 16.7 % respectively. During the test the 
po .. ,er drive wa~ not connected to the tan. Handtull size 
sa111plt,~ wer·e rando1nley pic•,eu and wei.ghed at an accuracy ot 
0.1 g. These sampl~s were threshed and the ti.me taken to 
thresh each sample wds measure~ using a stop watch. The 
s~~d Cuf11plctely separated from the pods w~re ..::ol lected and 
weigned. Unop~n~d pods wtrt thurub'op~ned and then collected 
seeds w~re weigned separately. :The rati0 ~f the opened 
seeds to th~ total s~eds in th~ saffiple was calculated to 
give thn:=lnng ette.::ti.veneo;.s. A t;"lctndful l of set:'ds from the 
tt-1re<~t1tc:d lot wi1S random! y pichfd and WL"ightd. St::tds with 
visibl~ crcic~~ ur peeled coats wer;-e sortud out and weighed. 
l he r.::1t10 1.Jt tt.E: dcUlli•gt::d setds, to tt1e tot .. d seeds in tt1e 
scim1:d~ 1.-1ds c,dcul-'1tei.J to gi.vc: p~r·cent.:.ye ~eed c.J.;.m~ge. The 
proc.~dure ~·k•S r·i=pe.:1tt.!d lt-n ti111es t9r t:::<.1Ch v~r-iet7. 

h::~r- tor1n.;1r1ce o t thre,;;,her w~s Cllmpare1j to tr.:.d.l tiona 1 
thrt:~;t1.ir.g 1ut::t.hod i. t::. hand be<.'1tl;nlJ. lhresh.ing "~i1~ done by 
twt!n t y inen ,,nd wo1111~n w1 lh .:.tn dver;-dgL· ciCJe of :s1.1 y1.::.:srs. E.;0ch 
ind.iv1dL1c:ll "'i1S givt-n 10 to 12 kg at : .1rveste,d crop to 
thresh. Perforinance of the wi.nnqwing mech n1sm was tested 
or. Cc.1nC\di. .. '<n ... ,oncJer i.\nd Mascai req at moi::.l1..1: ,~ cor1t.erit (.-,et 
bas1~) of 2S %. The te5t was mad~ using a O./~ hp el~ctric 
~utor with Vdri~ble pull~y d1a111e~~rs so that, the tan spe~d 
could be, varied. Fan ~P~~d w.as m~asured using d tachometer 
c:1r1J ttiw c:1,ir '•'~loci ty 1..1sing c:1 hot wi,re <.\n~11101111::l~r. 

11 ,1 h,1 m.L;:lur~ of h..ind thr·.;!::.ht:d set::ds ~nd ct1<.1tf ... ,erl.' 
1.:.-t t,o ,f~d 1 tra111 thL: ttirt:!:;.hing m~ch .. 10.l~m "'t11 l ·1 lt1t;.- 1 .. 1n is 
r·ot."t~d. , Att~:r· t1·1L' opardt1on m.:.te~ic:d Jn the ?i::ed collector 
w-1.:.1s "~(:l1Jl1~d. Ch .. 1ft i.r1 lt1t.> contc:d.nt::r w..t~ s:.eµ.:1rC\l~d, by h.:rnd 
.:ind "11•.:"ilJ,heJ. L1~.1::wise blow-m oft ffii;jtt:?rl.al .-s~s coll.:.-ct~d en a 
Cc.1nv .. ,~ .. ~11d lfH,iCJhl:d. SLo-~cJs cc1ntc.\in.1d in thl.' ct1 .. 1tt "'..i:... ~ortfrd 

.111.J i.i1 ..... 11J,l"1tiHl. The et ft:!C livenr~s~ , of s~µ . .;.rc:1t.i.on .,.,,as th~n 

c .. dc:Ld,r .. dep cl~ WlllOCWll.llg frCJlh th.:? rt:t1cltJOflShlp 
I ,,(d/,(.-l-t-c:))(J/(Ll+d)) 
"lt1t.:rL0

, 

... 
l> 
c 
(.j, 

,,,~L·~:d~. ll• ,t.t11.~ ~l.!ed c:ollt·ctor,, 
,,,et1 ... ,,tf 111 ,tt1u ~uL'd c:ollt-_.ctor, 
,,,..,c·l!d tdo ... ~n ott lfHlli ch ... tt 
,,,.- h,_,,f I Li! own o t t 
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p. 4 

Tt.e results obtc..ined y.::tv~ a thre'.Jt.in•J et tee t.i vt::nL':>$ 
of 2~.2 % and 85.8 % for Canadi.~n wonder and Maasi. red 
respectively. , Seed damage was found to bL' vt.-ry low at ::::. 7 7. 
for both varieties. The threshing capacity was 1~ kg/hr and 
14 l.g/hr tor ,Candd1.a11 wonder and l'!aasi. r~d n.!~µ..:ct.ivcly. A~ 

far as winnowing is concerned, optimal ~ftecti.~eness or 
separation 1r14s found to be 94 i' • .d t 3ot.I r,)•h tan sl-'eed. The 
winnower througl1put capacity was observed to be 240 kg/hr 
of c l~aned , seed. I he thresher was found to be very 
effective in, Loth threshing and winr~wing. However, its 
c.:tfJ<-•C.ity t1..ts, lo bL' i11c:r-~asL·d subst.:1ntially in ord...:·r tor it 
to b~ .;! iJOlJd !l.ub'!.>lJ.~ut~ tor trJdJ.tio.-..d h..ind thresl~.ing. 

: .• 1)- Sorghuili,~hresher. 

Sur.Jhum, .is a co111111on cereal in St='1.-11.-arid .. .reel~• ot 
Tc\n:::an.ia. It, is used tor food and tor anaking loc.::il b~L'r. 

traditionally, thre::,hinc;,, is dont- t.;y 11.:.nd beat.iny using 
sticks or t~ampling by toot and sometimes tractor wheels 
1r11\t;,re av.:ulatr.le. tigure ~ shov1s a p.t.o. dr-iven soryhLin1 
thr~sher whi~h hds been developed to ease the drudg~ry of 
thresr-1ing sorghuin. Oesiyn and construe lion tidS JU~t b.:=en 
comll~tr::d C:tt' the Ct!ntre ror .:.'1gricultur..:..l l"lt-chan.i;.:at.Lon and 
Rur<.. l Tt=chr'1olugy ( CAl"IARTEC) .in Ar-u$tla, Ta.-i:::~~n.1.a. 

Ferfun1 ..... r.ce tL:st ,1::. tor tt.~ bt.:.iin tt\r.:sher .is to ln? done 
ne;.t 11.:.r-ve!...t.lr~g st-.:~son i.e. 111.id July to E:nd of Scpt1?111bt=r. 

.::: .. 1-

1. 

~ ·-·. 
4. 

.. ..... . 

I. 

"I. 
1 (•. 

l 1. 

l'. 

1.:L-d lroL11Jli - l·1uod 21 mn1 tt1ict. 
tht·esh.i.ng drum - !:.heet in~tal :.:: mm, mild stio·.:11 
tllreshi ng f ingt:-rs - s tet->l ro~1$l:.:111rnr,.1, mild :::>t~.d 

threshing druin st\art - ~8 mm 0.ni.ld ste~l 
uplJer concc\ve ~nd spir .. .d dt::f lee tors ;;.l1e.~t 

m~tal ..: .• () rn111 th.ie'~-., 111ild :.t~·t."1 

st~aw throw~r ~~ddles dnd strciw ~utl~t - ~heet 

111t:'tal 1.::.. m111 tl1.Lcl., mild ~teel 
t.lc1--1.:_•r hous1n1J sheet m~lol ~;;. 01111 t:l11cl .• :rnld 
:;;. t~l:l 
t)lbvier =.1·1.:dt - :__:1' 1n.11 Iii, 111.ili.J ':.-lt='t.d 
t:JJ'Gvier· bl.=-d~S - wood, l:..\ 111111 th.lei. 
Sc'rL't:.'r1, per·fur11t't-•d 'Jl1L!io:t 111.,,t .. d, 1 • ~. 1111'11 t h l ..; 1 ..• 
rn1'ld ·::.t"-'E:l 

l .'~. llHlt ~ht~L' l 111...:t..i l 
lr' .. irt1L' o; tile 111 .. lctii.nL- - L,nc_ilu iron .:.,,~1 111111":; .:.::i'111111 

,, 'G mm mild ~tt:..'t:>l' 
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thear~tical wor~ing speeds. 

lt ~lit:: thn:~=.hing drum is diri::ctly couplc.:d t::i tl1e 
tractor·s p.t.o. shaft, following speeds can be obt~ined: 

~ ··:· ·-·. -

speed for threshing drum 
5peed c.f blower 
speed cf pulley for sieving mechanism 

::_,-t(I r-pm 
ltYtl rpin 

160 rpin 

rhe minimum and maximum reciprocating velocities of 
the sieve are 1 m/s a~d 1.38 mis respectively. 
Mod1f ication of the drive system with the tractor 
p.t.o. i~ necessary to attain a higher working speed. 

Sorgl1u11. threshing 

Soryhum heads are piled on the feed trough ~nd then 
1..ISUll~ Ci St.lC~- they are pushed tt1rOL!Qh tt-1e inlet to the 
threshing cr.an1ber. The, surghum heetds are threshed by c.t f)igh 
speed rotating th~eshing drum which is equipped v1.i th steel 
tingers. The upper cohcave is fixed with spiral deflectors 
v1t1ich a::ial l y convey ' the mass being threshed fon·,ard. The 
tar ~nd of the thre~hing drum has straw thrower paddles 
which catch the thre~hed straw and throws them out. The 
tl1r~stu~d or a.Lns and l:hatt fall thruu9ti c.n "'1ir stream from 
the blavn;i:r whi:ri: the' chaft and other lighter· 111..o\ter-i.d .are 
bluwn out dnd th~ gralns fall on th~ reciprocating screen. 
The screen sieves oJt the clean grain which fall on the 
cullect1ng tray leavihg behind remnants of small pieces of 
:=.tr-"'w which ar~ casc'ad~d away. Th~ grain is collected 
thrOLHJI• the grain outl e't and bagg['}d. 

f.:ice is .:. common stdple grain in T 1:.1nzc:1nic. v1t.1ch is 
incredsingly b~comi~g i~portant. As tor sorghum, threshing 
ot p~ddy is done b~ ~and beating or tra~pling. Fig. 3 ls a 
d~ulJl~ operdtion ~~n~al thresher designLlJ by TEMUO in 
Hri1sha. 

4. 1 flu: cl1:.·~icJn 

of 1:ip1.>ration clrHJ 
t t Ir t! ;,; I 1 l , I (j • 

4 • l • l Md ti.:.-r i '-' 1 s 

' 
-\

1

i
1

1JlS
1 1 

i.~ t 
l ~~ c,o,s. t; ' 

I I I I I I 

tt1c- U1reshlfHJ, , d,r~1m 
:.teel wire l,o~i~s , , , 

- ti 1e hoppc.·r ~1n,rt, c:,o;.t~r 

!:> te~ 1 
' 

s.Lmplic1ty of construction, edse 
combined with rdp.id C1nd tt;1oroL1'iJh 

is m.:tde o t 

-- tht~ tl1r1-·~.l11n~J ,d,rL1,m,, ~hatt i~ LJ 16 n.111. m1 lcJ ~lL·t~l 
IJicyc: ll: chc::.in c.ind sproci.:et dr1v~ 

·- tl1c- tf'an.£1 of' t't;e 'm~',c'ttine i!::> made ot wc;u,'1 
I I I I II I I I I I 

-· tht! Cjr<-1.i.11 out lL't .L~ madt! of O.U mm o:.:.h1-~1.:t 1111.:t .. d ~ ani ld 
~; lt.'L: 1 
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-~ . l . -

i r •c' Sj..Jt.:L~d G f 

b<...lt 11L~Lll.lnt.:; c._._a1 be: ti...nd Ur .l,, L"l 1 

l , (H."~' 
l, S\)t) 

r·p111. lhc ir,~,;:.ifllL•111 

~g or dr-y P-•dwy fer· 
ULI tµu l c T ... 

d I ~j -' r • 

~-·c..•dd 'i t r1resh.i.ng 

' 

t'. u 

tw tr . ...: :.: i:a.:e.:! 

tr.:: Lr1rc:;o1.o;;:r 
W' 

H.:.r1.c:·s•ed ~.:odd·,- ~-•1l~1 .lts ::otr'',•'• 1~ ..,il...:.J L;ol -· t10,.:iµt.:r. 
1t·1e m . .O\ch1nt: l:i. r1.;,nd dr-.i.1..::n unt.i.~ it r.::: ... .::t.L:S ~~ :::.pt.:t:d or 
! ,(Ii):) rp;ll .;.rid then the pdd.Jy .i~, r.:-.J c..11tu tt·,~ tr1rtt:>h.1.r1g 
.:.lru.li. Tr12 te:r • .-. "l.!uwblt:: upt:r-d.t.l.on", .l.S dto-r.i..ed b1 u·,e, fdct 
th.:,t dLlr.lrnJ tl112 i.,roc2~s, tht" tt.r,1.:o;h.:.·LI µ.:.1dd)' .i.s µ.;.ssc:d 

thr.:;,_t<~h -.• ~ it:v2 on the bot toin of t,he thr·2sh.i.ng drL11n "1h.i. le 
the str .. ,.~ .lS tt1ru•·•n out by w.irtt ,luc.p,,;. tt.r·ouLJI• tr.t" str~1w 

outlt:ts. 

l tit- cruµ bt-.i.ng thn:::..r1t:d ff1LIS t 
' 
t•L: dr1· 0::.-llOLl~li .1. • .: • 15 -

17 . rnu1::, tLlr~ COil tc:-nt "'et ba:::..i.s, ta .:tct-1.l.t::"V~ co111plete '• 
='.: i='.::1 . ,c,lior1 ui (..JC.tdl.!y frc.11 t.IH: s tra~-1. 

:. • l) 

rr-.e 
pr·µ.::~:;;~ing 

i 'J ,1 1 o ... 1.1 n CJ : 

c.dcpt.i.on of 
tt!c t1no 1 og .!.e::. 

lr1~ ouove 
h"1s bc::i;:n 

1
cind 
,v..::r·y 

u t t:.::r 
slo,. 

s.i.11.p; t" food 
dL"~ to the 

ti) 

c ) 

d) 

·1r1t> cust at r.aw 111att:-ri<d .i.s e,'.1c.:r tll.gh e:;;.(..J..:c1~d.i.y tor 
!:>te~l. Tin:; m.:..1-,es .i.t d.i.ft.i.,..:ull to.~ s,;,_dl ':.Cale 
f.;,("',l1t..!1'"'"- tU l..JLl°f' l11e lcCttnO,lOg.l.t:~ ..J"'"Vt.:!w ... L·.J. rne 
p.:,tent1.,.1 .r1.::.1nuL: • .:tur-.:.-rs .odso b,i?come r·eluct.~ .. -1t to ta;.i:: 

LllJ .:Jo::vt!lQIJt.:d tt.:Cl1nulGIJ.ll:S, Tr01h ht.:~~e,,rct-1 c:lrtd 
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µ. 7 

\:....· ... '.J 

~li.t_t1 tin: ::;Licc.e~tul d12.,,eluf•11oi::11l uT tl1rL":;t.i11.) 1;1~tCta.l.n12~ 

t.:.r Lc.;sn~, sargl"1u.r1 and pd.d..J/ th~ elt-1nnt:t c.t d1-udgery 1n<l-y b12 

~.::·l"..:..1. I:-1 v.:.•~~" of tht? yrou1ny .ia.portance 01 such c:::roµs not 
only ~-.s l'uu.J crops but al ~o .as a source of inco111e tor the 
Tdr1nt.:r~, tt1..:-r<:< .l~ a n~ed to t.:..::1.le U1~ prolllt-1115 c .. d adoption 
tu lmpr·uv~ the lt1r~~h.lll•J c;p~rJt.1011 cln.J r-.?.JUL~ dr-11dqi::ry. 

(1c..>s.ign fo1· ottier 
e:;plured a.11.J th.i.s cal ls 
.31nor.g the- r1c.1t.ional and 
iievelop111ent Inst.i tuti.ons. 

tuod proc~ss1n1J mdct-.i.nes snould be 
for coonJi.n~t.i.un <.u-1d collc>boration 
the i.nt12rnational Re~edr~h and 
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FIGURE 3 

I Grain: Outlet 
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1 ood proce9~1ng equipment 

p. 1 

l n t r-cr1Ltr: ti on. 

Tne de~elopffient of rice bran stcibili~ing equipment involves 
at least two ~echnologies: 

Food technology to determine that the process dev~loped 
effectively stabilizes the bran without destroying the 
nutriment contents the oil, vitamins, etc. 

Engineering to 
effciently and 
stabi.lizati.on 

design and 
economically 

develop machinery to 
achi~ve the required 

rt1o::rL' ~tn:~ Cl nu111ber at processes which Cdn C<.tn Li~ u~ed to 
stdbilize rice bran including: 

(R) Dry heat treatment 
(B) Moist heat treatment 
(C) Chemical treatment 
(D) Insert atmosphere 
(E) Gci111111a irradiation 

this paper will consider solutions to the problems by 
proce~ses lA) and (8) 

Brief description of rice bran and 
the processes of stabilization 

Rice bran, with a protein content of about LO - 15 t and 
vegetable oil content of 18 - 20 %, is an important raw 
inateric::d for the , e>:traction of rice br.:.n edible oil for 
humc.~n consumption , as well as tor the prodL1ction of, rice 
bran meal, a valuable component of protein animal feed., 

Sc11nt: CJ n1i 11. tons ot rice br.a.n remain w1used in U1e rrural 
c\rt::.:i~ of developing countries, because o·t , rapid 
deterioration during storage and transportatio~ 

operation, C:dused, by a biological encymatic p~occess, 

~plittiny tt-.e ,oJ.l, contained in th~ bran i.r1to tree-tatty 
acids and g 1 ycerin,, thereby not only destroying the newtra l 
011 but quickly turning the bran into a valuele~s w~ste 
product. In order, to maintain its value as a raw material 
tor the producction of eclible oil ~nd protein teed mual and 
to make optimwn, use of it, the rice br;jn 'needs to be 
s tabi l i z..,_d by "c. , sp :,.c ia 1 heat treatment combined 'With a 
certain dehydrait_um, e1 feet. 
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Tne us~ at Rice Mill by-product~, tHus•.~· ds d tu~l 

To co11ply with the UNIDO suygestion tl1c..t tt11:: rice mill 
by-product and (husksJ are used dS tuel. Only this method 
ot ht?.:it generation is con~1dered in ttns paper. l his fuel 
has the advantage of being re~dily available at the 
r-.:-qL1ir-ed place and is not a tin1ti:- energy source, also 
p;-ovideL the combL1st1on is co1r1plete does not create 
e:;CC"~sive atmosphere pullut1on when llurning. 

The dvailab1l1ty of heat from rice hus~s. 

From each 100 kg of paddy appro;;. ::o kg ot rice hus~. 
tlre obtained when it is milled the tree volume is approx. b 
cu. ft. but can be compre~sed to approx. cu. ft. When 
burnt this liberates 220,000 to 264,000 Btu. (Assuming 
co111p 1 ete and ef tic ien t con1bus ti on) 

rhe designs of simple lurnaces for burning rice husks, 

F"rovide 0J r.lce hus~.s are burnt 1o-nth cG111plete .:.nd 
eff.Lcient combustion the flue gases are clear and do not 
contain no~1ous fumes. Tests when u~ing these tlue gases to 
dry paddy have not .Lndicated that the colour and odor of 
the milled rice changes dppreciably after drying. To obtain 
coillplete and efficient combustion tr1e bes,t method appears 
to be tG start with '1 ,hot tire and tli~n c.dd, the 'new fuel in 
small and regular qudnlities, this way m1nimuffi smoke is 
gener.?1 ted. The ~ppe,arc:1nce ot the ash, indicates the 
etfic.Lency ot combusti~n. completely burnt hus~s will be 
wtntt!, it not completeLy burned they will be:' bl.:.1c•. 
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Food processing equi~n~nt 

p. 3 

Some d~si~ns of furnace. 

~urnaces can be cf two main types: 

( Cl ) Direct heated in which the flue ga~es are used for 
heating 

-
-- --.- _ __.,_ 

-COLD ---........ -
HOT 

------ ------
BURNER AIR -

----~ -' ' 

~-='-~~~~-=~m~-~www~'"~•~--~=~·=--~--=--==~·==----=-=--n~-~-c~n..-...-.4{Q 
FUEL J Dil1E'-T HEAT!:":u ru~NAtE 

Sctiem<,tic drawing at a direct, ,fired ,heater 
,Cr.ate: liquid fuel, not ,s,holl'm)" 



rood proc:~ss.i.ng equ.i.p111ent 

A SHIFLE LOW cosr RICE BkAtJ p. 4 

and 

lb} Ind.i.r~ct heating, in which some form of heat 
e~changer is used. 

~=@ 

, f h!OIHECT FURN Ac~ 

Schematic drawing of an,indirec~,fired heater 
(note: liquid, fuel shown) 

. 

----
-HOT _ __..,_ 

Al ft -
-

@ 
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Fonl1 pn:icess1ng eqLupment 

lhe direct heating is the most ett~cient and 
simplest but there is the possibility of contaminations 
by the flu~ gases. The indirect heating is less 
efficient and more complicated but there is no 
possibility of cantamination by the flue gases. 

Design of Rice hull furnaces 

Feeder--

FU 8. 

' 

l 
~ 

I \ 
i \ 

. . ... 

-Ash trap 

',f<iu•...l:!.!d.L fur-r1c.ICl.' 

' ' , J·l,'\de l,y J0Jr1,H1CJ t"''ir> olcJ 44 gallon 011 dr-~rn1~. toy'l"1c-tt11"r' 

,Motor 
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t-ood pruc:~:...~i.ng ~qui.pint->nt 

A s I ~IPLE LOW ens r RI CE BRAN 

CL[AN OUT 
HOLE 

RICE HULL f URNACE 

lou~ered ri(e hull lurnacc. 

p. b 
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food proc~s~ing equipment 

A SIMPLE LOW CO~I HICE BRt~!'! p. 7 

Possible design of equipment tor stabilizing bran 

(a) Dry heat process 

y--AIR 
• INTAKE 

\ 

~~ 
rntt r~~RE scRE[N oo 

8 p. Fr /'{BED -11 ~PERFOllAlE"O SHEETS 
(~~2.T AIR /_!. M. 0 V£A3:.__r roP-, 

·~-,J ---,~1~-¥-~-=,_j -~--~x: _ ~----· ·. ·._:):-:-: .. : _ ....... ·: -i-!{-:-·· =:f----~:--
.,,. • .z- .. - ·- - -.. :-"':.-:- --· =:· - - -.-:.-= :.-- _-;: __ ·f 
·--1 --: ·!'·- . -··- • - --- --:.-:. ~-~ - :- ...... - - ... . 
::.. ,-:.:::.:·-A-·:·- ·:-- =:. +-=--=:-: --~- •"":. : Lt -· -' · -· \\ · · -... - -- - - · / -y--:. 77 -y·----

-- OLO\YER 

er> n.., ·™-r-"XXX •2-.,=-.co """"'~' xx.s:raa.:2a.:·:a:czSJ1C......,.s:a;rE&.· ..,. ··u:::i_. ..,s:mcz::1 ... ..:s:ca.:a:a::11=1J 
' 

Some hand~driven stirrers ~ould oe added 
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AugeT conve,"or type of rice bran 1t1b111zer 
capacity 75 kg per hour(A.S.R.C.T. proposftl) 
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p. l 

Food Processing and related activities 

The report registered under UNIDO Doc. Number 
l~/WG.480/l d~scribes some of the activities and th~ way 
that Botswana is trying to solve the problem of the need 
for industrialization faced by the country. 

It highlight~ that 
~any products original 
indigeneous pldnts, with 
are being exported for 
country. 

the country has full conc~ous that 
from their country, especially 
medicinal or other applications, 

processing and sale out5ide the 

It also indicates that the mo~t h~nefit~d from this 
~itudtion, ~r~ not precisely the peasants or small farmers 
that produce those plants but the traders that acting as 
middle-men 'obtain the largest share of the profits. 

The countr; has recognized the need for designing and 
testing appropriate processing methods and equipment for 
sm.:.d 1 and ' medium size scale com1nercial production, to 
process their native produces into products for domestic 
consuruption and for export, they also recognize the need 
for providing training to small industrial entrepreneurs in 
tl1e uti l i z.:ltion of such methods and equip1nent production. 

tl1is 
thi.!t 
k1nd 

The cduntry in their efforts cf finding solutions to 
51 tuati.011 has gi""'°n way to nongovernment orgariizatior1s 
have ' become involved in Botswana in developing such 
of appropriate technology for food and plant 

processing.' 

E:;L1mplJ~> ot these ins ti tut ions dre The l<ot5wana 
technology Centre's for Food Technology R~search Service 
d~dicdted to design and development of approp~iate 

processing methods and equipment an example of their 
activiti~s is the Bilton Project, se~ appendix 1 - dnd the 
Rural IndJstries Innovation Centre that concentrates on 
renewable 'ener-gy dnd food processing e>:amples are the 
sorghum dehu I l er and the Kgo 1 e tso oven, see append i ;.: I I • 
AnotLer in'stitution' is the Thusan'o Lefatsheng dedicated to 
see c.::.pec'ts related w.i.t:-. ~gri'cul'_ural production and 
proc~<;;.sing ' of medic in al pl ants, 'industrial pl ant::., fruits 
~nd nut tr~es dnd ot~er potential ~ommercial value. ' 
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TSHILO DEffiJLLER MK II 

IJ>PE'RDIX TI 

~el 

('!'he comnact versatile, hi~h nerfonnance 
machine that rem~ves husks and '1"inds 
cereals.) 

TECHNICAL DATA 

Power reouirement 

Main shart rmn 

Fan shaft ro111 

Throup,hput sneed 

Apnroximate net vei~ht 

Hopper canacit:v 

Rarre:.. canacity 

Fan eapacit:v 

r.rindinf!' stones 

. '. 

'. 

'. 

5.5 Kv. 3 1>hase electric motor or 
a 10 RP endne 

2!100 

2000 

10 Y.p 'min. 

200 'Kp, 

25 JCf' of ,rain 

20 Kl' o! ,.rain 

max. velocitv 2on0m'min. 

carborandU111 vitri~ie~ bondinp vheels v~t~ 
JC face size 250 x 20 x 38 

Tshilo dehuller. a t>roduct of the ~ral Industrial Innovation Centre ip Kan:ve: 
has been desi,ned to blend in hannon:v into its A!rican environment. Ab,out 50 , 
sor~h\un dehullin~ J'l&Chines are in oneration in l\otsvan~. Some or the~e, mac~in~• 
are bein~ exported to lo' other African countries. 

I I I I 
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THE ~~'TERILIU\llON AND DRYING BY SlEAi·I P!;;(Y.~fSSING 

_I 1-. Tl Jl/fl(;E) , THE' CONr:EPT I ON OF AN ART I s,;r¥~L ()VEN 

In tr-r-.r1uc: ti on. 

p. 1 

Rice ~ultivation has become v~ry imporldnt in Durundi. 
R1c:e is becon1ing a nati.ondl staple food. S..:. fdr, tn?atments 
on tins crop have only produced whitened rice (cargo}. This 
white rice has lost its vitamin (especially vitamin 812) 
.:.n~ 111111~ral-·s<:tlt contents. Husking and pounding i.n the 
-... .c lory c.:.\U.:>t~s breakage, which atiec ts rice production. 

il1t- ydvt~rnt:-mnt, toghetrier with th~ ffllJ proJect .ir1 the 
Mu11stry df Rural Development, has r-ecently introduced the 
ti=chr1ology' oi drying rice to provide its populatiCJn with 
quality tciod products. The purpose ot this technology is to 
111odi ty U1~ physiccd .. md chemical properties of rice, to 
111ak~ it more nutritious and economical. 

G~n~ral pr~n~iple for ste~ilizi.ng and drying rice. 

PCJsiticin in transform~tion 
Rice ' beating ~addy - sterilization and drying -
l1usking - whitened rice. 

' ' 

11112 prndw::tion of treated rice i~ bc:\~t!ci on a g~nercd 
principle, ' "'hich uses the two main elements - water and 
heat. Af t~r the rice has been soaked in water and heated 
with vapou~, it is dried ~nd stored. 

' ' With ~he h~lp of a ~alve, the paddy is cleared and put 
in a barr~l full of water (see figure B), which can contain 
~5 ~g. It,is then heat~d, on a fire supported by three large 
~tun~s. D(~nching WdS tprmerly accomplished by using small 
Cl""/ j'LllJS. , 

f~t! P(~~~nt system , off~rs more advdntag~s. Inside the 
L,,:,rr e:l, vc:t~mur is producep fo,r drying arid sterilizdtion. Tt1e 
si.:~ ,of ~he harrel is, des,~gned to s.:ive energy; its :space 
c.:1n t~~-.e a, rm.1c:h l .:1rger qL1~nti,ty during tt·1e operation. 

' ' ' ' ' 
uu,ring' this phas~ ~h~,~rain mutit ab&orb at lL'as~ 30 % 

of U~e:· hi,1111idity 
'.;;.lJ!UtJ!t: !.>LILl!..tdl1CL'~ 

' ' 

to allow a homogenized redistributicm ot 
J.ll tht- c:i'ra1n c:\11d d t10111UIJlHIL!OLI!::> tr d'nbfl!!r 

I 1' I I I 
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r1-1t'-= SIEr:ILL . .-11IlJl>i .~r.iD DRYING [t)" SlEHM Pi\(JCE:.S5It~G 

if:.lll\/~·l1El,lHt::: CONCEPTION Ot= AN ART1Sf1NAL OVEN p •. -_. 

o t hc--•t tro111 the surface at the grain to tt·,e centre of the 
endosperm during the drying process - a gelatini=ation of 
the starch. The scaling process lasts only 4.5 hours in hot 
"'ater instead of 12 to 48 hours at ambio::nt te111perature. 

Drv1nq dnd Sterili~ation process. 

lh2 drenched rice is put in an oven, which WJ~ designed 
<ind m ... mufcictured by the FHO lsee figure A). Tht> oven is 
perforated with small holes from which the vapour escapes. 
Tt1is vapour is produced by a one-hour heating process that 
occurs in th~ first halt of the barrel, which served fdr 
t1·1e soc.king procedure. The operation concludes once the 
h~avy vapour pushes through the edges of the cover. 

Afterir,ards, tt.~ rice 1s dried and consequently .is ready 
for further processing. In this phdse the star~h 

gt::l ;:;\ tini -.;::es and the biological processes' such as 
gen11ination and mushroom spores, are suppressed. 

\/apour treatment yields economic 
production output, storage and alimentary 
namely firmness, enriched vita111in and 
contents. 

advdn t<.tges 
improvements, 
mineral salt 

Des1gn and mahufacture ot drying ~ilns 

In coun tr· 1es such '<.15 India, tretdi tiond l ovens .. 1.re 111c:1de 
in l.:;.rge, metal lie con'tainers. They are placed on a heated 
f1..1rn<:1cc: dur inq the drying process. The rice, api: . .ir·oact-1irig 
the f1n~l desired sta~e, is heated more th~n the oth~r 
r· ice, hen ct~, cart..oni za'tion resu 1 ts. So111e times the 1rJe t rice 
must be stirred contihuously. Water must be occ~sional~y 
added tu cd111pens.;1te tor the v<.1por'i;.:c:1tic:1n. ~L .. thf::' st~<.HT• 1'~ 
not evenly 'cJ.i.stributed' in this process, tilt? dryinq process 
i!;., inco111pltitt!; tlh:n.:'tore, tl1t! 'de:5irt:.:d result is not 
,O\Ch lt.!Vt:!d. 

To uven:urr.e t.llt!SU problems, th~! pr·1..1JPCt l1c.1s dt?SlC)nu'd 

<•11d .:1de:.pt1;.•cl' nv1:.~ns m<.uje' ·from locall'y ctV"'11li:.'1bll;! mctt.:!1-ic.lls. 'A 
::C'.(h) 11 l.i'r-c-.\1i.tC l t y bdl" rt?l ( t iCJl . .lr L.' '1 .. 1), i,.,l-11cti' l !:. Cid lrl U;~ 
111.LdcJ lic: • turn! Chi;; OvL'll. !Jnt? ha 1 f (BJ' !:.er·vl!~" lo' 'sod~-. t1·1t? ,.- l.c'e 
c.r1J tu rJt .•. 11n ""'ter to pr·dcJ'1..1c.t' v,;1pnur 11L·1:1t..:d to'r 
~1:111-·lll.;.:.;,tiLWI c.lrld dry.lf1CJ. 1~1e !i>t:Con'.J 11.ilf (t1)',' ~'llJ.c.1·1 i!> Lt·)e 

<.1c: Lu ..:1 l uvL:n ,' 11<.t ~ <.1 bo;;1~t: fJer tor •. 1 t L'cJ' 111 J th "'"'" y' 't·1u l i.:,~, ( f j CJU r'c 
1. f J, luL1r·' ll..lth:~> cll'C? ver·t.Lc..:d ly Jo.Ln'l:d t1J th<: LJ ... dc:, 1111·1l.Lll .i's 
~d!;;.O ~ivr·fcir- •. d't.!d 11u.U1 01'<.my hole'~ (t1'cJL1re;:::. ,.~d, 1-1i:d .:tnd ?iq). 

[11.1r·1n(]' tht.! op~?rd't1\:in tri't:: nvP-'n J.S .,;1:?t"" on U1l! t Lrb't 
tJ,_,,.,-L•l i.1'...>' .:\ LCJLl'.;C:CJll'~ ''pc;;1fl. 'll1u v.a'pour· trc.1'ltd"l in1] 'trOIJI th'e 
b:1rT•d lJ, p.;1~.c:;e~. th'rol.1(Jh t'tit- p1?'rfor"1t1on,::. .:1nd !',pr'.t:!dds 
ho.nuiJt:..•11L'busly' Jn U1t:! ovL!h'. (ti'Q1..1n! '.ih). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

I: 

1: 

ltiE ::;n-_hiLlZr:..1 lU1" t1HlJ Lik't !Nu l>Y SIE:.t-;M t-"t-\Ul.L~::dilG 

~ t:: l !d_l~';;1_~f, 1-~.JHL_ _L~pNi-FP I I l •1'!_!)£ At~ ~kl I s •• r . .i.: .. l. (!'.'£LL ----- - --~--~ 

Iii<! t.ir ~t e:;pr.:r.im1.:nt~ fucuss~d 011 thL' dr-yLng Cind 
:..lt=r·111:.:~1t1on Llt d nt>w product variety of r.ice: .its n-.une is 
"lROr~". Iron L-1<:\S .intr·oduced in 1987 by tht: Regional Society 
Tur the Dt-\l'elop111"'°rit of lmbo (!:,f;:DI), which p:·omotes rice 
production in the plain. This "ariety yields up to 10 tons 
i:-1cr liect .. 1r<:. Unfc.rtunatc:ly, the tlus•,ing pr·ocess pr·oduces a 
large amount of breakage, dffecting the output. Depending 
upun un the mettaod used, the output varies troRa 5(1 to 0(1 

percent. The table below compares the output Tram hus~.ing 
with it pounder to th~ output tram husking with and 
Englt•berg 1nac.h1ne. 

Hus•. ing with 
d pound.e-r 

=oc.:;t~1 t=-=p-"u,_t""· .--=i-=-n~ll';...:•.=e:...:i=.cg"'-'-h:...:t=----=-[I re ::1 k -: 

un tr..:<:i ted ~~ 

lreL\tfrd 7t) 

6•) i'. 
7:. /. 

75 I. 
5. 4 /. 

Conclusion 

Hus•; ing w1 th d.n 

Fngleberq mitchine 

output in w~iqht 

::.o 55 /. 
70 - 7=· I'. 

Bred•.s 

83.o i'. 
3::. 'l. 

la•.ing into account the socio-econo~ic conditions of 
Durundi, drying and sterilizettion proc~s5 using vapour, 
presents a particular interest at the daillest1c or artisanal 
l~vel, becaus~ ot its pract.iccil advantL\g~s: 

l .:. ) the pounding process becomes easier·; 
( t·) tht::' p~riod for cunsf:'.rvdtion is longer; 
( c ) tt·.~ OU tµu t in gr.indiniJ is improved (less grain is 

brC!kt:::n) 
( d) the ta:. tE: cind consistency of the prodllct c.re more 

pleasant. 
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t-ood ·.:rc.cess.ing equJ.pmE.-nt 

DRYING AND sn:RILIZATION EguIPHENT (Kilt-;) 
THE ::.TE.RILIZAflON ANO ORVING BY SIEAM FF. LESSING 
( t::TUV~-·/:;E) , THE CONCEPT I ON OF At-! i:tRT I SAl1..1L OVEN 

Fig.l 
a) DrJJ11 

A 

Cuttinp: line ., ... 

B 

H8Jlc\els 

Cover 
b) c) 

\ 

A B 

P· 4 

V' 
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f) 

g) 

io 
0 

0 
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I t 1l-: 1- :- :1 .•U- -:-.:_;It !l • ul Ct-t~::e>i·~·"'r-'l ______________________ _l~.!.__J__ 
-- ----- ---- ------------

I r1..: ~•r t1~c.11ul 

citta1r in Uurundi. 
µroc~~s ot ca~~d~a 1~ ~till d t~iliily 

The c.p~l Led treat111ents, tilt" 11tdnl.puldticn 
.:it tlie el 11111nc.tion ot tt.e hydrocyanic: C.t11d a i 111 

d.CJ.d 111 ti-.~ tub~rs. 

ll 1e moJ ur processes used in l<urund 1 .-..re b~•=-L·l1 on dry 
or water rett1ng. Such technologies yield d wedV output and 
a low quality final product whose conservation 1s tor no 

l8nger per1oc than one wee~. Ta overcoffie these problems, 
lhe f.:.tr11ier-5 store their pr·oduce in th(! ground. C.:."t:::sava is 
harvested d~pend1ng on the need, thus sometimes it ~s kept 
in the gr-·ound tuo lorag. Not only thus this prevent the soil 
tr·o,o b~ing used for- anotht?r crop, but, this also dimin1shes 
the root quality and incredses the fiber rate. 

0.L~ tr ibu t.Lon 1s an add.i t1onol pr-obl e111: so111e regions 
have e;;ces!:;; cr·oi:.is, ~'tule others t1c.P1e hardly any. lt1~r~fore, 

it is essential to create an interreyional flow to improv~ 
stor.:tge sy~tt="1 .. s .ind processing of food crops, purlicul.:trly 
ot tuber·s. 1t-.u5, program1nes gt:ared m..sinly to the µroct?Ssing 
of CC:tssava lk1\le l.Jt~c-n initiated. 

Proc~~sing of ca~sava C:tnd g~ri 

11s1nq ... ppropri.Ltte '-"9llJ.p111.~11t 

G<.trl .i:.. "" tt-rmentt-d tinc:i.l product ot c .. 1s~ .. -t·1. .. , "'t·,ictl' 
has been g~ldtinized and dri~d. It is the staple food found, 
in L:t:.'nin, Tc,go and Gh.::1na. ~-'ow.::1days, it .i~ .;.lso fOl•nd in, 
oth~r dtrican c:ountr1~~-

I hi:: µroc~ss1ng ti::chr1.Lque LI::>t::-d to µroduce g .. H 1 l1-.1s b~en ' 
int~oduc~d because of th~ tallowing C\d~ant.:tges: 

(LI)' .Lt .i::. .. ._1 product u-.dt lki~"' ~tur .. 11Jt.: cc1pctliJ.ll.ty 01 mc·r~' 

( b J 

l c: J 

th~n on2 yedr, which is contrary to the cas~ava flour, ' 
t.~1.:1t c ... nnot bE,, l.k!pt for lung~r thc..\n l".llH-· wee~:.; 

lt Cc.ti\ 

J.t .l~ " 

c01-1'>Lli11p t 1 on 
t l uu r : •• 

pro<.Juced "'t ciny season, since l. t doE:~, not ' 

prCJducl r:ookt.:d 
or- prt!p.:.1rat l.un 

J. n .. ,c.1 "dn ct} 
1n a·_,.~,o·-1L~t1or1 

'tor r-t.: •. 1dy ' 
1r11 th other ' 
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i · ~•uLl ~ •r L•(° t.: =- ~ .l 11 •J .:~11.11 p11u . .:f1 l 

----·· --------·. _p-=- -~ -

11,.,. ,_ ... 4u..._.11~•! ut, tl1t.' u~·L·r·~•lll!ll l~.: , ... •.-111:.;. •·:.1:..lilrltj, 

r""jp1•11J, t1•r·111t.:nt~.t10,n 111 b~;.gs, pr-~s·::lll•J 111 h.:~g'Z, 

q ... r·it1cc;t:1u11, yrc.1nul.:1.t,i.on anLl stu.tt.inq. 

i-111.;.•!1 1 , 11."u1y o,pt:r-dtl.ons ~r·e ldt:nt.1c_d lo those 1.1~ed 

t··J 111.:,nuL.,ctun::.· trad.it,.icn.;:,.l C<.\S!:::ava tlour; th.: pur·µose .is to 
<=l 1.:1ll1ott: tl1e l1ydr·qcyc:.niL acid. Th~ details of these 
C-~"''"t .:..l1u11S cH t·.· not di~CUS~t:d in th.l.S p.:~per. 

Indeed, th.? p1·aaucti.on of Gar~ hd5 two phases: 
pr·""ssing urad torret,act.i.on. l he-=>~ pti-~s2~. c.re tt1e ma.i.r1 
constr·a.ins .::.nd vary , among countries. For th.is purpose the 
proJect h~s attempted to adapt artisc;n~I types of: a press, 
th~ type of ~cr~w press and torrefact.i.on, dev.i.ce. 

Design .:snd 111anufac:ture of ct press, ec-4uipment to 
e :; t r·dc t Writer ,t ro1r1 t ht- fer·mente·:1 pulp 

Tr-c.ditionc.l ly, , th.i.s opera ti.on, was r1~rformed 

~11r.1.dt..tr1ec.u~ly ~'J.tt1 "tt:,-r111t:-nt..tl1on. St ... , p1.tlp .i~ µ1.1l 1nto bcig-s 
m~d~ of strong ffiC.t~~1al6. W.ith a pitc~ ot wood, lht! top ot 
tilt! ll~-<C] .LS lWl5lt'd, !::>O tl1at l11~ ~1L1,tL:r· r:,tn lJt.• µ_\rlJ.cd ly 
t-lirutnatt=d. !JicJ stone ,cirt= tt-1.::-n pLlt. .in, tt.~ bco.gs ,;nd .ctJ l is 
~L:µt ~lctt.lu.1<.try fur' lhrt::·L1 to ~,J.:: d ... .,-~. 111 th.L~ L~.st.:, 

ten!1<:n ta tio1·· cind Llrdin.Lnl} art:: co1r1b int:d ir1 to une oper·a.t.1on. 

LocL\l .Jifterenc:es ,.in this opt~rdt.ion i::·::.L5t. So.11eli11.e:. 
one type ot trddition°"'l tt-nr1e;:nt,at.ion, .is const1tute.:J ot a 
~y~lem ot cord~ dnd board5 between which bag$ ot pulp art! 
t1~d. Other times the pulp is ~-.ept, in c,loth-cove..-~d b.:1.s~:.ets 

L1pon ""'hic:t1 heavy o~J c.>ots arc phK .. ~d ,to c:tppl y c..dd ti t.i.onal 
pressure. r:.11 these mp~riat.i.ons senve tt1c same purpose: ti.at 
i~>, to rL·duce the 'quantity of '~'~\tC:'r J.n th~ pulp to 
fdc:lli.t<.,t~ tlll:? dryinlJ'and garif.icat,1on proces-;.es. 

Ho:Jl-H~v~r, th.is opt!r'1tion J.s, long' in tim,_. 'orh:J lt:..s 
t::c-1 t1c1ent. The pressure e:.:'erted by '$uch a pr.'1,ctice is 

.ir1dut t ic1~r1t to decr"t-a~e t'he hu'midi ty to a rt-'ason,:,ble 
I~· ... el. n-.,~ cost of' 0rlergy' tor' cJry1'nq or g<.1l'"l.'f1cati.on 
rL-lfiCt lr1~> high. 

lt1l1 LL .• ..: ur '"' ':.;i.:r'L·>J '~rL"~!.. 'l!_, .. , '1iu~.:....1l.JlL" :....111~1'11 ~L .. 1lL-

~o l u t 1 CHI • 1 t 11J pr·u,juC: l..'d ' pr L"'~~,u r·~ 'rt.!duc:'L.·~ t 1'1t~ tlL1in 1 d' .i t y r .s ti: 
tr 0111 •l::···!:l(I ' I.. Tt1.l~ ' t:COnomi.:' ... ".J '1.·1n.:ri::,'·/ dllf'?•"] lt11.! 
1:.)"1ri.f'ic...lt.Lon dµi.::r·.stl.lu1. ·rt-i"" P'l'"es:::. i:!ll?111~nt is 'Co1ri~o:.~'cJ of: 
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I HL t--t-:dC'"ESS [ l~l_· _l_-J_f-_l..._·:_tt_S_-~_-A_V_t-i __________________ ~~ 

(a i 
( I: ) 
(c) 

(d) 

( E:) 

( t J 

c.1. !Jr-t:SS ~·C r"t:o·w; 
._, pr·e::."::. l e,.-er; 
tuur met.tll.ic ::.upp0rl5; 

"-' r L'Cu·.ti:::r·y i.:01·1 t ... tlflL'r ; 

._:; co111pr·e~;sor d 1. sc; 
d perftlr.<tted plate contdi111ng u µn.::..:.L'J pu~p lrig. :.'.). 

The pressing operation consists of putting about 15 kg 
of grated Ccissava in a polyethylene bag .into the press by 
turning the press bars. This allows the compressor disc to 
1110.te down to the cassava masses. During the process the 
juice or water from the cassava is extracted and removed by 
tlie drainig channel on the lower part at the equipanent. The 
lor.ger the pressing time, the easier it is to gri.11 the 
cassava. The press equipment has a capacity of 140-150 kg. 

Design and ffianufacture of a stationary roasting device 

According to traditional operation, garificatiori took 
place in a bi9 metallic stove, often in a ceramic vessel of 
60 cm in diameter, over a ground fire. Gari should be 
continuously stirred with a triangular calabash pallet to 
mi;; it and to prevent it from burnl.ng. The •Jari i::> then put 
in the sun to reduce roasting costs. A low quality gari is 
obt•~ined; it has a very low swell.1.1g c:a~dcity. Garification 
is an unpleds~nt operation becaub~ th~ equip~ent is 
unconfortable to handle and the ~or~er is constantly 
e::posed to Sll•u•-.t-. 

Tt·~se traditional methods cause a low, production at 
gdr1. lhe quality is unsdtisractorv dnd the energy 
consumption of grilling is high. Jo overcome these 
problems, the proJect improved the rodsting device tu 
economize enc-rgy, improve the qual i tv, and , increase thE 
production Ccipdcity. 

The first attemps too•: place in, Rushubi, in tht­
BuJumburd province. It has presently spr~ad to Rugornbo, in 
tt1e provir1ce- of Cibiro•;e, which daily produc.:ts 70-80 •~g of 
gari, consists of the following items: 

(<.1) .. 1n oven n1dde of ,br1c•s in a rectanguLar form; 
(b) ~.-. ovt!n to inseirt wood or chc.rco•d; , 
(c) d trdy (the iroasting device its~lf) ,with ~ltvdted 

edu2s, which is, put in the ov~n; 
(d) '-' chi11111~y 01.1tlet tor the =mo~.t:. 
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lt1e t"-·ri11t:nt.:d and pr~~::>ed pulp .i~; µulver1::~d un the 
roastin<J dev1c~ ht'~ted by the oven. Tht: tlour 1s slowly 
ru.:.~t.:-d unt.i l ~d 1 the moisture is clr.:nned; tht- ,,..e111oining 
Cydn.Ld~ subs.l.:.nc .. : al~o d.i::.sopedred. Thu wo1nt:n w.ith wooden 
spatul.~s sup2rv.ise ttiti' .:.·p~r.at.ic.n to .::.void c.:ar-bor1.i::ation. 
I he h""~~ l shu:.! l d bt::! c i:-111ti11uous 1 y con tro 11.:d. Gari t icd ti on 
c.ccur·s 1r'tR:l1 ti-.e !lour obt.::•1ned beco111E?S slightly yc::llow c.nd 
ttl.o: CL-t,.,..:.~,v<1 pii::cc--.. .,,11r· 111• .:.nd bt.>CO•ll•! .1ry. 

l1r y t lour c .. 1n be groLinti ~-u th tt1e 1-.. ~1 p ..:.t a 1n.i l l. H11:-re 
hd~~ been previous attemps to mdnut~cture a mill in the 
1c-::µer.io1ent"'l ar2a. At tt1e t..1ine of writ.ting tt1.i~ repor·t a 
hJmmer mill .is under construction and the drawing plans 
t1dve not y..:·t lJt.ot~n cunc luded, there-ton::- they .:.re not 
reproduced h.:·re. fhe ha1niner mill cc1n repl.:sce ti-1e rasp.in<] 
dt-vice. 

Cone lus1or?s 

In BurL1nd.i, the tr·ansfor1ri-.ttJ.u!1 uT tooi.J c.r·ops is 
11 • .::.:.n.ingl~s= e,t the- ni:lt.ional level, d~spite u-.~ efforts made 
to rC-dllCt?' t1·1e p,:,st.-cr-up lu!:>S. f'rUl)rci.•IT11flt'."S J.niti"'led by 
in tc:rn'"' t ion,; l bodies• sometimes present short.co.-..1ngs: tor 
~c.1 111e ir1tt::r0~t1ng proJects designed tor th.=.! rL1rc:d c,re.:. 
f~1l~d b~c~us2 there ar~ no clear guidel.in~~ to c~rry out 
t ht.? pr·LCJl'""<uTu:.t:. Therefore tt1ey try to in troc1L1ce -'ind ,;.d.;.;, t an 
.11r1pr·o.ri::d tect.nolo':)y. The technology is v~duable .it it 
.:.111:.:.1.-Ji::r·s .:.1 =-r·t:C.it.ic need of the: µopulat.ion. lt1is, .ir1 t.;.ct, 
requ1res a good ~nowledge of the milieu. 

fJ.n-..lly, <.tnal1s1.~ of tl1e 10;:,,1 t~cl111ulcHJ.l"'~ u1 tuoLI 
p1-oc.:ss1ng 6,-,,j cor·,servat1on should ber.or1-.c:- tt"'1c: Deasis to 
solvt! lt1L· pr.1ble111~ arid dt.!t.in~ the prior1tit>s. lt .l~ also 
.indi::.~~n~cible to strengthen the contd.ct amonq r ... ,tional, 
l'"i:!1Jlufktl c111d u.ter-n .. ~t1on .. 1l resear·cl1t!r~ lo allow tt-u:o­
e;:ch.:1n1Je ot ir'lforrn..-.t.ion on e::15tin1J 1r1ur~-- pc:rror·111t::d .in 
Atr1c.:.:i cilid t.>l~.t::1r,t"n!r~, c;1~ wt:ll "'~ on .in1provt'd mc..1lt.:·r1 .. ds. 
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Chin:.."le:V 

Sl.r\TlOMRY ROAST!t\G DE\'ICl 

Roasting tray/plate 

B smoke outlets 
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~ood processing equipment 

DESIGN, DEVELOPMENT MANUFACTURE 
OF SI t"U-·LE FCJOJJ EC!l 1 l FMfN r 

In trod11c t 1 on. 

• 1 

Lt.:>sotho .l~- an ctgriculturally based ecuno111y, ~ruded to 
th2 point th2.t natural fauna is near depletion. There are 
only fe1r1 net tura l woods tor preservation and proct>ss.ing. The 
country suffe~s of severe winters and special steps have to 
be tct~en to produc~ more crops and to preserve food. Uuring 
si:.or·ing end SL1111i:1er <1 consit.Jerable amount of food crops grow 
(1uci1ze, becms, vegetables, fruits). In ~-1ir.ter time grow 
vegetables, winter wheat, fodder and peas. rheretore it is 
nt:ct:.-=s.:1ry to develop food preservation techniques to help 
solving the problems related to seasonal production of 
cr8ps. Food has to be prepared in such a way that it will 
be edible aTtEr certain period of storage and acceptable to 
ta~te. 

Technological devices have been developed for food 
processing and food preservation. These are classified in 
traditional, modern and in appropriate technologies. 

SIMPLE FOOL PROCESSING TECHNIQUES : 

.l ) Gr'inding stone: 
Gr'ani te stone is used with a small stone for 
gr'inding grain against the Larger stone. The 
su'rfaces of both stones are rol.1ghened up. The 
te':-: tu re of flour is varied depending on whether 
f l'our will be used to ma~:.e sott/hard porridge or 
we'.:01ing food~ for the bab.ies. All grc.ins .are 
pr:ocesst.:>.J by this technique. 

ii) Th'e hc:arunt:r mills .:snd dehuller for sorghum. 

iii) So~king and grinding on the stone-grinder. 

.lV) co'okHH:J .in clay pots. This l.S 'obsolete dnd three-' 
le~ged µots dre utilized. 

' v) So~rce ot energy is w~od, c,ow oung or;-, p 1 ant: 
re~a1ns ~fter harvest. 
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ln tht> m.i.nistry ot lnter-ior, Clu.i::ft.:t1.1is Att.:•ir-~ .::ind 
hur-~d Ot>velop111ent, there is an Appropriate T~c:hnolo1Jy 

St1ction (i·ilS), whose main obJective i.s tt-1.::· develop111t:=nt ut 
ni::w technologi~s, tri..otls, publici.ty an•j _1 1~s~;·1i1kiti0n ot 
1nror·1!1<1t1on .:t11u sale of Llevelopt:d ai:i;Jrupr-iclte t1:chr1ologies 
which .otn? useful I to Bdsotho, t::?special ly in the •~urcd 
art'as. Tile follo ... an•J d~victO"s h .. ~ve bet?n developed .:tnd 
l l:S lt!ci: 

.l ) 

Th.is device is us~d to µrotect fir·~ tro111 1.-1111d elf.::cl:::;. 
;·Jud and stone is used to ~Lil. l d tour 1.-Jd 11 s .:t t tac t··ed to 
t?dCl1 otl1er- at '70 dt!grt.!e angles. 1111: lit:i.i,jht c.11lLl lt:.-ngth 
of the device depends on choice of the user (see 
11gur·e 1) 

Le IFO - \.J IND PROTE CTfON F 111EPLACE Figure 

i·l~•tt:."rlc.11~ r11:t.•dt>d .:.1re: ~J .. 1tt?r, ~u11cj. ci.:1f, w•;udv11 

plc.1r1Ls, hHJ µnts, ;111.:shi.:d ~nrc, ch11r:111.:y, co1"ruq~1tt?d 
irun' s.ta ... ·t!L, c.1~t1 p..1n, stor11.:~ ur tir1c.~.s. D1111t:r·1s.i0n=. 
dt:,pt:;·1J cin' ltll' Sl.Zt! ut ::;tove' to bt:' llL1Llt. 

,..,, • t 1.~.d 

;;t:~~t- Lly pl .. 1CHHJ lv1u µot!::>' by s1Llc: ur1 tl1L' 1Jruu111..J lr•ln."°n: 

tt1u 'd._.v1•.'·1_· .is to ln: c.:c>r1-::.'truc.:lE!d. l.u.,1v1: ~"µ.:1c.:L· dl.Juut d 

1• .. d111'· ~' i~·r11Jlt"t tJL,lvH::i.!ll pot$' i.1r1u lit•! l:dr.J .. ~ of tt1l-' <...lo·.rt:. 

Tl1v ',J1-._,t.'-.111::c· Ll.'tWC!E-11 ttae' l<1~t p11t .. 1r1J thi:: ct.+111n, / i:~ 
d l '.,(.) 
di Ill 

, .•• t.irric1Ll 
' 

I. ti l 1111, 11. I • 

"''"- ltH~ 
hL•100Vt! 

p.d m-, l,)r <.H·J 

t, , ... 
" ! Ult: ,•H"Ottr1d ~hl! ,,ots 
.. 111d bll 1,d " r1:1. ~··"''JLIL~r 
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!JES I Cll\J ~ DEVELIJr'Mi:-_N r f"IANUF ACT URE 
Cit S ll'IF'l.F FODLl EUL.1 l F'f"ILNl. __ _ ----------------~~ 

L 

vkdl aruund the line. The wall constructed sl1ould be 
about the length of a fish-oil tin and half the 
tish-o.ll tin (one and l1alt fish-oil tin). C-1 litres). 

The inside of the wall should be tilled with a mixture 
111c.de in the fol lowing 01anner. 

three buckets (liemere) ~f rough sand 
one bucket of clay 
water. 

111i;: the ingredients to make c. good moist !hi:·:ture of 
requisite consistency. Fill the wall structure with 
the mix~ure and make holes for the pots and the 
chimney, the ash tray, device to control the 
heat/flame and provide space for the grate. 

Cover the stone structure with mud and smooth the 
smeared w~lls so that the device appear clean. 

IMPROVED t1JEL SAVING STOVES 
IN PRIMARY SC~OOLS 
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1.A::~-=> 1 Gi\i, lit: \'t:UJt'-'f'IENT l'lt-)t JUF tiC l LILE 
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98-104 ems length 

pot hole 
27 Clll 

.::h. :..-:t y 

?l?e 'l I ___ o 0 

l. J. J. ) 

fire box 

l. rod Sa~e 'lud StO\e \.;.th Grate and .:.~~. Ca~.::-.er 

lr ... 1d.itio11 ... d p .. 101<.,s c.:1n liL' con~l.r"LIC.tt=d tro111 t..iuc~et~, by 
m."k.1nq .-1oles e1ll ovt:-r· tr1e ~urfc.1ct~ ot thi=- buc~.t:l or on!::' 
l1ult-• on one side ot tlit~· bLlC~.t.::t. ft1.;;- d~vici.o- J.~, guod tor 
coo~.J.n~J oul~ide, but UiH1CJl-:-rou:. to lt!r_,ve ov~rn1rJt-.t in a 
c l c 1:>l:d r·uom. 
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DESIGN, OEVELOPMENT M~NUFAClURE 
OF Sll"IPLE F00[1 EOUIF"MENT 

BUCKET 

CYLINDER 

4 4 
"' .0 

l:l 4 

4 A ~ 
CJ 

<> ~ 
~ A 4 llll. 

LJ ~ 
4 

4. .o 6 A 
~ il "'lr51J 
4 

a d <l 
~ ----

SQUARE --

_p_~ - -~--
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f'oud pruc~ssi.ng equ.ipn.ent 

DES I Gl.i ~ DEVELLJf-·NENT l'IANUF i-IC TURE. 
OF SIMPLE FOOD EQUIPMENT 

The impro~ed ?aola 

p. b 
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~oud µrGCe~sinq ~~uipm~nt 

DE~IGN, DEV~LOPMENT MANUFAClURE 

OF SI NPLE FQ!)O..__,E=O=U=I~f"~M;.:;E"'-N;...;T'---------

PAOLA BODY 

PAOLA BODY 

PAOLA BODY 

PAOLA BODY 

PAOLA BODY 

19 lS 19 19 
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BO IT OM 

BOITOH 

B0ITOM 

BOTT0!-1 
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0 
Q 
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0 
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0 x 0 
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Dt::S i LiN • lJl:. Vt Ll)f·1·u:::NT l'"IANUI: i:tCl Uf<E 
OF ~ I 1·1f·L t-: F tJl•Q_ EqU l t-·MEN T ---------- ___ . ______ p_,_.!L_ 

sunnort (three pieces) 

---- ---·-·-- -------. 15~-
f 
I . 
I 

.......:'---

/ 
-~-7.,,~·-=-========================;;::~'-~~4-'--

I' . , I 
·I 
;1 

------------- - - -,- f; 
I t; . , 
I ,. 
I '' 

; f II 
' 

(175 x 60) Door ( 

175 
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Fuod pruce:sing equipmenl 

OES1 GN, Dl::.Vl::.LLJt-·Nl:.NT l'IANUFACl URE 
at= SINt-'L t:: FOOD EOUil-"·MENT 

iv) Tht? sing lg___pot stove 

P· 9 

lhe structure can be used indoors in winter and 
outside in summer. The device is made of coo•.ing 
surtdc~, consisti~g of a double Wdll ot corrugated 
irun packed with trwo (2 c111.) centi111eters clay in 
bt-twt-t-n t:-1e walls. The bottom of th~ coo•: . .J.r1g surfc..tce 
is a grate made from pieces of corrugated iron sheet 
or iron bars. 

The stove has a chimney, fire bos opening and an ash 
tray. 
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DES IGI~, OEVEU.JI ·NE!-.11 MANUFAC 1 URE 

OF S l l'lf·L E I- OOll . ....:E::.-;:o.:Dc::U::...olo..:F_-·:....:l"l:.::E~N.:..T~---------

·' 
I 

, 
/ 

"' ~-/ 

/ /'' 

/ 

, 
"b 
:~A7cl'; 

, / 

/ 
'··,,,1 - • 

' ' 
30 er.:. / 

/ '' " . 

~--=-- -.........__~ ~ 2~cin 
I 1 "· not hole / / l \ 

I I \ .. , \ 

·11cl" 

25cn 

Fire ho7. 
oT>eninf! --

!" 

i 
i .. ; 
I 

Outer vall ~ : , 
y -~.! --- --·· _,,. I 

3 JIU!: steel sheet). 

I 
,, 

/ , 

- . ' 
/ 

/ 

--
'· , . L-
• "')<. ·..: .... 
I '' "-'\,.. 

' II ' \ 
' i 

' 
I 

: 

, 
, 

.... ·- . ., 

" ;'··1 / "1 .. 
.I 

I' 2oc111 .. ' '." 

'l'kn ·i 
I 

_t_ 
, ·-.... ~ I /,Cr\ .... . 

,/ ·, t.J-
I / 

l 2cr.: ,/ 

., 

/ 

/I :i---~· 
./l 3') x 3" ::: ;; I <, I'll". ~:~~ 

.· I .• 

I 
I ' 

I 

.'-.. / I 
I 

I I 
I /' 

.• 

, ,. 

·~ 

' ..... 
y 

/ 
./ .,,,...., 
/ ..... 

" 

I 

'· ./' 

r.rate 
/~. .,_ 

·, I 
A.o;Jinit openinp 

Cl7:"5x- 6d,..., 
' 11.scin- 25crr. 

... 

Cl av :>aeldr:r' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

food proc~~sing ~4U.tpm~nt 

DES l G1\I' lJt:VL:UJF"l'IEtH l'IANLJF ...;c1u1-.:t: 
rn::_.~; I Mt-·u: FUOLI l:' Oll l f"Ml::NT 

v) "Mabotle" stove 

lh.tS .lS a v~ry popular device 
detai l~d). 

,, • 11 

(instructions as 

fht::se "re ,bt~comi.ng J.I0~1ular d~vic~~ 1.11 Lt-'='uthu. Th~ 
n?tained hedt coo~.er is a cuoking -=>lructL1re wtucti is 
usvd to f~nish cooking tood th~t has already b~en 
boiled. The cooh.er coni;.ists ot a bo;: (bot tom cind top 
ccmt.::11.n~r=-> ,,.,,,d, ir1sLl1"'1ting mc:1ter1<ll~ (p1l lo"1s). 
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I- ood pr-ocess.ing equ.i p111en t 

IJE s I (11'1. 1..n:: 1.'Ll UF·Mt:r n MANUF t1C fURE 
Or_ SI l'IF"L E FOOD ECIU I PM"""'E='-'N""'T ____________ _ 

..lf-----.,..~>ilt--- top pillow 
,saucepan __ ............ .....,...­

Model 2 

Model 3 

Hc.11r' tn 111c.ke tl1e re ta I nt:d ht:>a t c:ou~:.t~r 

box 

lid 

saucepan 

inner bo>. 

0•11er boll 

top pillow 

pot 

bo>. 

p. 12 

!•lost o I mc\t1.H· icds ot tt1e f\eL-..11H:d Ht.! .. 1 l CoukL:r, c ... n 
probdbly be found somewh~re 1n your own hum~. 
AJ 1 you do 1s f Had and .:.1ss~mbL: the p~rts. rt.~ type 
1r1h.ict·1 1:. ea~/ to 11i.:1ke a1d ver·y ett.ic.1t"nt c.011~,l~ts of"' 
Cc1nJb.:-1.:.'lr·d bu;.: w.tth a l.td, t1r10 cu~hion~ for tt1e bottom 
.:Hid tt1e top ot tr1e con tc:uners. Tr1e cu=oh1on~ provide 
111ost 01 lht- 1nsu1,,t.ion c\nd the bc:.;: is a cu1.ven1ent 
partc:.ti1E~ cor.ta1n~r. The cushion~ ~hould be 111<.tde so as 
to f1ll lt1t: tao··: cu111pl~lely wtie:n LlSt"d. 

t h1 · t lrlO pl 1 } OW·; 
I 

' ' ' ro IO..l~.t:~ tht.: two p1ll,9ws, Cut two l'""l.:!C,t"1ngles, ,the 11''1d,th 
c.n1d li:ngtt. ot the ir1s,.~de of your ce.>o~.~r. , , 
Fold E:~ch ln hc1lt ,+rnd sl::w up two !i.,.ld~.-. Tu1-ri th~ tr'o 
cases ~o tt"icl t tr1t~ ,?tJ. tching J.!.> on ,tilt- ins.id'°' and q1e 
~i. lc.1 ft ~ oo-;,e l y w1 th , , your- u1sL11<.1t1n,') Hid ter 1 <•,ls. C lD?l:: 
~r1t" O(JL"r,HHJ with lh~ ,~1ern-st1tching or,,:, ;.'.1pp~r,. 
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t-oud pr-oc~~s.lng equ l p111tr1 t 

lJLS I GN, lH:cVFLOI · 1t:NT M"NUt- >4CTURE 
01 ~;I Mt·L.E I· U1 H> Fl ll I I Pt-IEN r p. L3 

Anoth~r simple model is made of two boxes, one in~ide 
tt.e other, with the space bet~'een tt·1em t l 11 ed with 
insulation. An insulated lid or cushion goes over the 
top. 

Another simple model is made of bo:: layered out with 
grass/chaff or sawdust dt the bottom a11d cov~red with 
th~ top pillow stuffed with insulation. 

A te111por-.H-y 
•·Wapp.ing l11e 
pc.1ss.ib.i l .it 1es 

rela.in~d hedt cooker cJn be improvised by 
cantain~r in blankets, sleeping bags. The 
are endless. 

l111portc.nt points to consider in making t.he retained 
H~at Cooker : 

lhere .;.r~ a few principles to be.;.r in inind wll1.H1 1nak.ir1g 
any type of the retained heat cooker : 

ffiak~ sure there .is enough insulation on all sides 
of the container. 

the pot stiould fit as ssnugly as possible into the 
cushions or lining of the box. 

th~ !id ot the bo>: slloult tit clos~ly to be as 
nearly air-tight as possible. This minimizes heat 
loss ~Y convection. 

Insulating rnater1~ls 

A wid~ variety of commonly dva.ilable fuatr.ial~ can be 
used tor insulation. Any material which consists 
larg~ly ot small or less isolat~d air pockets will 
insulate well. The trapped air acts as barrier to heat 
loss by convection and conduction. E~:an1ple:s ot 
insulaticn materials are hdy, straw, chatf, sawdust, 
~llrcddt-d cloth, crumpled newspap~r, fcctthers, wool, 
sponge, fur, t~breglass a~d styrotoan beads. 

I I I I I II 

tJolC\r cuo~t!r ~nd s~lar ~"'.ens tr- ... p !:.Lm's t.:ri,t!r-gy to, c~~,k 
food or bdke br-~~d or ,c;c.t~.es. Th~ Ut="V .ice~ c;ons.1.s,ts ,~f 
t~m l.Jo:.:t.?s of, d1fteren~, ~ize~ wh.ict-1 t.1.,t .into, ~f1,E-: 

.:1noth~r so t~.:!t ~here .1.s <.•n u~n~r bo;-: ,c;"nd an ,ou~lfr 

bo;;; ~'"'C:\C:~ bt:twe~~· u.~ ,40:.;t"~ .ins1;ile:tted. r,~lt? .inner qcp: 
.i:. p<.1.inted wi,th ~J.ic~:., ,pau1t. Tt,)L? bo;:e~ ,l,"lc~v~ c.t ,<Jl'-'~,~ 

lid n1ountE1cJ qn wo9den t,r;am~s., rtu~ ,rc.tyS Of,, tt-11:? sur '"'r:,e 
r-e t l t:i: ted .in tq the; lnn~r; bo;; ,by twp m1:rrqrs supppr~q,d 
t..y 1rioodr:r. tr .. ,nit: .ir1 suct1 ,c.1 m.:1n,ni::r, t,t1 ... 1t ,th~, m.ir-ro,r,s c,c:i,n 
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be li l t·2d 
focal p-:nn t 

to direct the reflected rciys so thctt the 
lies in the centre of the inner box. The 

bo;;es a:-e made at corr-Ligated ir-on sheets. The fr<:1mes 
are supported by wooden frames. The solar oven is 
co11s tn.1c ted tram corrugated iron sheets ( bo:a~= 
outer and inner as with the cooker). Reflective 
S\..lrfacc-s are made tron1 corrugated iron flaps - petal -
like which are lined with tin foil. When the petal 
like tlaps are opened the .rays at the sun are 
concentr~ted towards the inner box which is covered 
with a glass lid. Boch cookers are provided with 
locking deveces and can be securely left to cook 
outside while the couk is attending to other duties at 
home or in the field. 
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rt.llJD f·RESEHW.\T iON TECHNIC1UES 

a.- Food dr-Y..!!19. 

This method was used 
meats. The material 
salted before drying. 

to preserve vegetabl~s, fruits 
were dryed in the sun. 1•1eat was 

This is the most popular food pres~rvation ffiethod used 
by Lesotho women. Vegetables and fruits are usually 
µr~~~rveu. Item& can be kept in bottles for more than 
tiv~ years. 

c.- Solar dryer 

lt1ese devices have been developed by the Apµropriate 
Technology S~ction (ATS). 
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Figure 6: 
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Small Stone Dryer 

Scale 1 :20 

Large ·Stone Dryer 

Seale 1:33-t/3 

Traditional Dryer 

Sdi le 1 :20 

' 
I 1111 I I '' ' ' ' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 

LIL~ i UI ! . l1l "LLUI •.•• i j I 1·1. 11JU1 I •L l lJ1 \L 

OF s u-u:·u:: Fonu l L1U I ~·1·t;;;;.l'.;..N;;....l;_' ----------
------p. :.:(1 

SOLAR DPY'f.P 

Fip:ure: 81\ 

'·W!'ERT Al,~ Rrnu!JH'.O i:"OR THF. 'F"RAl\IF.\.f')P~: 

al. 

b). 

c). 

dl. 

·--- -- ... _ ---4'-
Ton Frarrtes 

07n rr:m x 3:1 mr.: x ";\? 111111 (Ii nieces) 
555 JIU'I x 32 1"111 x 3? NII (Ii t>ieces) 

Lep:s 

{.,~() J'l?TI x 12 111111 x l?. r.111'1 (2 nieces) 
10() Jlllll x 32 !'Im x l? 1111'1 (2 nieces) 

Rotton Frl\J'les 

Aon 1'11'1 x 32 l'1l'l x 32 J'llll\ (2 niecr.s} 
5 0 'l l'lrl J( '32 JllJ!I x 32 Jl'J'I c~ t>iece!'i} 

Tre.v 

8Cl"I I'll" x 12 ?ii'! x 12 Jnr. (?. "liece:!' \ 
'·1'> '11'!1" x ~2 JTt!'\ x 32 I'!"!!' (2 nieces\ 

r.ri !"'.::" 7- ~2 J'l'!'l x l? l"XI (I: t>iec:esl 

07ri I"'.!': x 5.)1') 1".n ••esonite ~or ~ee!" 
070 T'II'I x />1"1 mn He!ionite ror ~ront 

--,-- ·-----...; , I 

, I --
--r 

I -. 

t 
I 555 lftlll 

T 

6~'l 1'1111 

500 llllt 

j 

890 111::1 

~·-----------· SQO 111e1 

--·-

....... 
• 

•~sr. - - -----i 
I 

------_:__--====-~· ~! 
------ -----. ---.-.-· i 

L 
625 J'U'I I ;....,..-------1-1 

--r I 
I 

,/ 51. Ommj . : I: --------, 

_L I 
I 

'I ,
1 

Tvo piece:; tor :.ide:; 
j210rmia (He:.onite) 

::.75, lll1ll , I 

~~--------------,..! 
'· ' 970 mm I', 

·-··-r·-.:-~ ·- ----··- ~ , ~-- ~---~--~-~· .. ~,, 
I I ... I· ,, I .. , 4 1.•.. ... ,. •• I 

, , I : :, ~l25"' ~: .,. c. , • J • ;, -1· ~5 Jiii". 
J ., .. ~ ... rl) 0 0 C) • ... . -

_., .. i: 
c.> D ,,. ,, "I ,_ "' .~ 

_l_ 

Botton side' 
(Per,torated ,) 

970 inm:/ 
,, 

I 
I 

l. _ ' _ _J 
fibre «lass 



I 
I 
I 
I 
I 
I 

I 
I· 

I 

I 
I 
I 
I 
I 
I 

i.JL ;_, ll,1 ~. L: ·:L Lt,i ·1·1L HI 11ttHUi t-tL I Ul\L 

l!~ s 11-u-·u:: t uuo !::LIU 11-"Ni:.N T 
A.T.S. Sol~r Cryer 

970 

' 
I 111 

-~--



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

p. 

d. Stor-ing Grains: 

The br-ick silo/stone silo: 

This is a str-ucture constr-ucted of brick or stone. 

Figure 9: Brick Silo 

SEHOAI IKAHELE SESIU SA 
LIJO - THOLLO 
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Brick Silo 

Fi81re: 91,. 
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8io~dS 1s used as Tuel ror toad proc~~s1ng. In L~sotno the 
techn1qu~ 1s gradually ga1ning popular1ty. lh~re J.S C;tbout 
twenty s1;: c:.:6) plants in the whole country, with every 
dJ.strict hav1ng at least trwo plants. Maseru dJ.strJ.ct has 
si~ (6) and Mohale"~ Hoek four (4) plants. 

The biogas plants consist of basicC;tlly three part~ i.e.: 

Top dome where gas J.s accumulated. 
lhe cyl)"nder where CClw dung i~ kept tor term~ntat.ion 
Bottom-dome - keeps dung before fer111entat1on. 
Inlet - letting in cow dung. 
outlet - letting out slurry after tern1entc.1t1on. 
sherry ct1ai1iber 
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l! IHEI• t- OlJl_1 1-·1:;;ucC:SSING H:Ll-tl'>IOLOt=ilES 

1. 

Technology u~ed here involves trad.i t .ion al and 1l1udt-rn 
methods. The major activities are extraction of milk 
froin th~ beans and grinding the roasted beans into 
popular powder (lipabi) and tat cakes. Technical 
devices u~t>d in the Soy-bean dairy for extraction of 
mJ.lk/totu/:::.1::-y yo9hurt .include tl1e follDl'Hng: 

trdd.l ti on al grinding stone (Lei o<.d a l c:1 L~sotho) 
casserole~ 

bucLt>ts for soa•~ing bt:?ans overnight 
cloths tor sieveing 
press for dmking soy-chet-se/tofu 
vinegar I l emir.on j u ice 
refrigerdtor for storing fuod 
clock for timi.ng the operations involved 
solar dryer 

Extraction of milk ftrom soy-bean .involves soaking 
beans overnight in a bucket. This procedure is followed 
by grinding the beans finely in the gri.nd.ing stone, 
boiling tht! ground matter mixed with water for twenty 
minutes. The mixture is then sieved and the liquid is 
ready tor drinking. Residue can be used to mix with 
wh~at, flour or mai~e 1lour to improve the,nutritional 
st~tus of maize and wheat m~al. 

•e~p food cov~red 
w.:.~11 d.i.sl1e!::> betore pl.:,ci.ng food i.n the di.sti 
Do not t-o.1t discoloun::-d tood or ~111t.::ll.ing,tood 

Soy milk and Soy yoghurt ~hould b~ ke~t for ~ day 
dur .ing cold >o.Jt!C\ ttier. At ter a day boi 1 , them tor 15 
mi.r11.1 lt;:S. They wi.11 tL1rn in tu c1-1i:::ese wtnch ~hoLlld 
not ~~ kt.::pt tor too long. 
lotu st1i:Juld bt..• h~pt 'jn cold v1.::,lt::r·.' fotL1 Cc.tn be 
hc:t-it fur a day or furtt1~r it the vl~dtl1c-r l~ cool. 

lt1e 1111 l k 
mi.lL. lhe 

c."n be 1111::e:d wi.th v.in~gar- or l~inmon tc:i cur·dle the 
CL11"d CC\n be pc.t~sed 'through the press to tL1rn it 

Su')" lJl:....in t l llLlr" 

mai. -;:i;:/ !:>orgl1um 
tt1t- l)r<1in5. 

(from lJround 'bt: .. •n~) .i~ 111.i;;1::c.J,i.-att1 v11lu .. 1t/ 

m1::al to improve the nutriti.onal st~tus of 

ft1e r110~.t co111n1on pr· .. H:t.ict: at Pl8nly, Lt-:::.ott10 i;i;; lhu L1~e of 
Soy btJJn poi.-11jer t1:1 r11.:.1kt: fat CC\ki::-s (makoi.:nya) wh1ct1 c.1re very 
populcH-. 1'111·.' ~L!i..\n~ c.trt:: :>Clc.\~.t:d OVt:rf1.J:Cjht, gnc>Llnrl tJ.nely9 
tl:111 th~ p1:iwder-· ddded to broi.-m wht::<::1t 'flour .<md knedd~d into 
douqh 111t11ch' L~ tr·.i.L:l1 c.1~ f .. 1t Cc'l~.es. 
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~,11ut.l1t:r· pop1.1lat· i.tem l.S powderr tr-0111 roastt.:t1 l.J.:.•,;.n~•· lhi.:: 
bE.~c.ns ""...-~ soa•,ed overnigt1t, then ground rougttl y, dr J.t:.>d in d 

solar dryer for b hours, then roasted in oil and ground 
into fine powder. Powder is mixed with fine salt and sugdr 
to l)C'wd ta$t.?, pac•~aged and sold as "lipabi". 

delicacy is beans. 
o~ernight, tnen roasted in oil. 

kt!ep 
~:eep 

in a 

tood tor ~hart time it 
toad in shady, cool 

hole in the grour1d 

EXTRACT ION 01= OIL FRiii"! SUNFLOWER : 

it i ~ t1ot 
place (retrigerator) or 

The Catholic Relief Services' has introduc~d sunflower 
production programmes c.round tile cl i.nic s. fh~ 111 .. 1J or dim i~ 
incoinr? gener.:ttion for partic:ipdnt~. fect1nology used 
incl Ltd~: 

.=·01r12r hLIS~,t:!r- "LU" 

H.:.nd (lr-dl.n "'innower "l<" ' 
"Ce;:...oco" UJ. l E:-:pel lE-r 
"Ci::coco" Filter f're:-::. 
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lr1t::' di:=~igr1, dt:v~lup111t>r1t and r11~,nutdclur·e ut 111dchinery 
~1.dvanc8d p.arallel to th12 agi--icultural 

u·,e le:ved of con~u111~·t.J.on ot tt1e food 
in l"laL.'~'i !\ave 
ctCtl.v.ltJ.e~ and 

lr1 t.l1L" car-ly y2ctr~ ot indt::"pt:ndt::"11.::e, mo~t. at the 
1r1ac.:t1111e:=. ~-ier e impo1-ted clS the c1cct=ler-ateLJ agr-icul tural 
ou t(.Ju t r·t:qu1 r·t0-d .lnmt:!d.la te indus tr J.C. 1 suppor-t. 1.-Jhen the 
situation h~d stabilized, the design of local equipment 
began to ta~e place, particular for the processing of 111aize 
and r.lce pro0u.::ts. 

Tl1is 
eq LI i pa1en t 
pro.Jue t1011 

t lour. 1 f11? 

p.=.per focuses on one o·t the locc:tlly m;:,nutc.cturt:0-d 
substantially used in the rural areas of 
ot dehulled maize, a stage prior to ma~ing meal 

ec..u1pment is commonly kno1rff1 as anC:tize f1Llller. 

Tlh? 111C:t.i.;.::e t1ul l•-'-"'r t1ct!:> l.Jeen devt:loµt:Ll to mt:chanize the 
r.:::111ova. l ot t h1.? 1·1L1~~-: etnd the germ from the 111.:.u. ze in 
rec:1diness 1or turtht:r disintegration into flour. In 
traditional technology this process is accomplished by 
pounding the rc.tW maize in a mortar- «rid a p.:::stle. This 
operdt.ion i~ tireso1ne and less efficient dS the r-ate of 
proL1uction i: in th~ r.:.1nge ot 7-10 ~:.g/hr-. 

fh~ 

m.::1 tt:!r i .:.1 l 
hu 11 er· is 
of "'hich 

111ctnu f dC tu red 
is 

scr·.::1ps. Tl1,:,"'.:: ~c1-c>ps 

e;;tr-acted 
C\le lo;:ally 

cual-tired furnace. 

Scr .. c\p 111<.1ter·1<.1l .l.S L1sed 
cruu1.:- 111t::tal. 

through die casting, the 
from cast iron and br-ass 

tuund 21nd ~111~ 1 t in .::1 

.Lt is the only source ot 

2.1 lht: dt.?siyn ol U1.:: l1L1ll~r is r'.on-tr.:~dition .. d .. ~s ir1 the 
ind1~1enoL1:;. pr.;H:tice, n::moval of the 10"1.i.ze hL1ll is ar:h1eved 

' by tl1t..> h<.111.ir.t-·r- ..:flt;-ct. In fact tt.e lL'chnology i-:> .:1di01pted 
' tr-0111 .... ,,., t!~'lrl i.~r foreiyn dt:Jsi<Jn, "'luci-1 v .... 1n1sl11~cl trom the 
' m.::1r~1,t <Jui.:: LL pL1rc.h<.1se ... nd 111aintt.!n .. 1nct:.:- costs. 

I".•"") rhl! chc1nqt.:: (j
1 t lrJCdl d~~l~~l) uv~r t.hL· '->c..-1~..;t y~ ... 1...-~ hd~ 

st~'t!ll 1·,, .• rdly .1r1y 'proqrl!~~. ltlf11l1.~ t.l1L1rv l1dVL' lit~er. 111<.\ny 
't.:ii.lun.~s, t.h~!lt! 1-...1\ . ., bt~tHl 110 t-·t·tor·t to i;11pn.:ive or· modJ.ly tt11::.­
'cJ1_•!.;.lfJf1 l.JL'C<..tll~v ot· t'l1l' follOW.lfHJ t°11:U1d.lc: ... 1p~c.: 
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Food proct:ssing E:quJ.p1nent 

L .. ,cL or c.1ciequate and apµr-opricite sLi.11~ i.::on tt.~ pa1-t ui 
the desi(]ners. 
unfavourable costs of new design 
iuethoLl5. 

c.nd 111cinu Tac tur ing 

minimal competition dvailable in product development. 
unavai 1 ability of accepted design stand • .u-ds. 
lac~. ot adequate rese~rch facilities to support new 
innovaticns 

~.:: •• 1_1 The ti~siyn fc..cilities c..nd techncdolJ/ 
1-,~,s n-=fg l ec tt::,d the conventiondl µrac tict~s. 
111...:nt.1c:.11t~Ll, lht:: t1.:chnololJY t1dS been fully 
tor01gn product~ and no further developm~nt 
yt-t occured. 

tor tr1c- r1ul ler 
As pn::viously 
c.1do~,ted from 
in design has 

11-,e clt::siCJri l1<.1S r ... •111<.1i112d clost::d 1ro1n L:r1ticism and 
i1npr-ov·e1110n t 
de~:; .1.yr1t.'r-. 

c:.s it has ali-1.::1ys been lert to one person - the 

4.0 The dr·ai-ar1i]S 

ea-,gineer.i.ng geo1netry 
u-.c.uql I tlit..: deSJ.Sti""1S 

develop1i1ent has b12en 
For instance, a worm 
111anu t <.1C tur- ing. 

cit tctc hed dE.'n1uri0; Lr" tt= ti 1t- b.:1sic 
employed in the de::;iqn. So1netimes, 

i1civl:::" UC"C"ll ciLLC"f-Jtctt.Jl c-, fLtt-ther-
1-,.:..-11pered by a poor manL1fdCtL1r1ng base. 
.::>pindle niay not co111t:~ ut clecirly during 

fhe ·fol 101--Hng dlSCUSSion raises c.~ fE.'W a~pects in the de~ign 
of the huller thdt would definitely need to be developed 
turl11er to optimi:.:i::- lt1t..' hLaller prod:...activity. 

4.1 

Tl112 t1ul l iny 1~fte~:t is actiiev-ed by rubbir1g th~ sur·fcice of 
t lie n1d i =t~ hetv11:?en the =.pind 1 e i:lnd the c hc.~mber. Tht~ 

str.1.pping ot tr1is sk.1.n is supported by th.~ 1110.isture a1nount 
in tl1e r11c.1iz~~. In rei1.lity tt1e dehl,1~,~.ed maize ~tiould bt~ 

in·111:2cJ.i.,jtt:~ly t.:.·;:tr.:sct12d from tt1e syste1n through a sc:rt:.'vJ 
u1o·;t-111t-11l ;:n tht:- spindle. Ho1riever Gii-HrHJ to mc1nufc..cture 
prolde111·:.; this m.:iv.o:m~nt H; ;1ot distinctly ciff1;,cted. A 
s.1.11,j .ar· 1novt:11 • .:nt couid t:.:.1c,ily be c.1chi~Vt.!d tl1ruuqt1 lc.1pt~rJ.ng 

or <..1f·fs...:':ttiric.:; lhi:.· ::.pi.ndls; but tne-1 p:>rublem lu~s t:1th£~r in 
tt1~ L111der or- cverhL,~;k1 1 1,g o; the maize., 

4.::..' lh•.:- d.1.•:ch<.1rge mecl1an1.sm al=.o 'l1L·ed to b~ tL1r-ther 
dr:Vl:'loped. Ilk· ~.ne·:;.;t::n:t cJe!:i.lCJn f1;;tr.,_1cl=. the hu~~.~ thruugh c1 

cr·l.11.July mc:1dv ~:.it~vt:•. 'Tt1e sit:v~ .1.::. 'n1c.111utc.H:tL1r-t-:d from c.1 
p<:r- fcH-d ll··d i run •::,t1t:e l' .:ind .l 5, 111ddE:' in to ... 1 st::ini--cy l .1.nder 
:i.nsL:r-ted bt:: l oi-1 the C'hambl!r. Tilt• <:>y!O', te1n · s prt:•ssun:~ for·cfrs 
uut lt.L~ t·,u~:;k~·. 111E.: 'dischdr·gud 111.::.iz~ ~till cor1t~1ir1s •. 1 
fr-dctiwa of lt1~ i-k1ste owing' to •:.0111c ir11::·ftic.1.t.~11cy in tile 
c.1tJu·1L.' sl~1~r:~. 11 1.JlCfrff.·r-1 l~ prov.ldL~d a.t 'th1: prnd1_,ct outlc.·t to 
<;;;l.l<:'.~ out q,L •. ,cc·~~ hu~~.~;. l>.:.i~pl.b! ~dlcir·t·.,, tht.J E1nd product 
~ .. lJll L<" ·.k 'rud1111L·nts, v1hJcl1 c:H'L' 111c.1r1u • .dly r-1.·111CJV1::d. 
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4. ~. l ht: dellusLl.IHJ 1r.~ct1an.is111 111L1~t i.11cur-pordtt- ~ome 

p .... u-L1c:le-si;:£~ control. During dt:::-l1us~;.ing so111e ot the 1T1~1L:e 

gr ... -11n:::. df°t:~ cr-ush..:d i.n the locdl hLll ler·. ltu:? crushed 
m .... '1tt-r·.i..il 111...1y d1nount to '.::.'l(l percent at th1:.: fJ.nish product. In 
the ~"or-""l !:--1.tuat.to11s, c.n .invar.ic.bli= poi,ier drJ.vi= 1n..:1ke!_, the 
contr·ul e::tn21nely difticult. 

5.•J Tti.~ 

solutions 
huller- in 

c.1bove Cc.'lµtioned discussions convt:y scJ111e ut tht::o 
or turther developments re4Lt.Lrt-d in the present 

this paper. 

~.1 The rc.te of progress or further development ot the 
hullt'r dasign in thJ.s respect may partly be attrJ.buted to 
the source ot technology and to so111e e:;tent tu the cost 
sensitivity of any de~ign and manufacturing changes. As 
this is c.111 cidoptt-d technology, tht:...- levt:-1 ot ir.nuv~t.ion by 
lh12 local £1esi9n is lo"'· As lonl] .o.s t1·1er·t? +s some 
p~r·tc.·r·,n,:11Ke "-'c hit-V•-:>d, the desiqnt:::r lfH 11 ter1d to be 
C01iip l C:tC t:ll t. 

t ht! rL'C u111111er 1 d t!d food 
p;-.:ices=>.llh] <:quipment is to emplGi tlld .indig1:::r1uous 
t'-"chr;olorJy wt.ich are normally '...>implt:r .... nLl dt:;pL-r;1dent on 
local r-dw 1~1.1tt?rials. In this case, one could stil 1, look at 
tt'll? tr·cidJ. t.ior1.d pound.ing of maize as a tu1it to so111..- dt:.:'~.l!Jn 

.HHlDVc1 ti on. 

'.:.\.'..~ Jl1e huller st-1ould incorporate srn1112 s1·::;,t'-"m'=> to,co11tr·c.i 
the rate of dis=harge and consistency ot the grain size. 
lhe control L:ould <. ... lsu i:•S!:>ist ir1 di..:cn:.:..:1~.>U1<J tht·, r·ate ot 
waste disch.::11-qt:?. 

: •• ~.:;. lt1L' huller c.:.nnot Lt:! easily 111<. ... J.nt.::..irit~d at tt10,v1ll.::1ge 
lt:.·v1~l, wht-n: such ~quip1nent is in gn~·dt de1na111.L 11.::iir~tenance 

is r.:·stric:tL!d by tht'! manL1f<.1ctur-i.ng principle employed: 8i) 
p~r·cl::n t of LIH: co111pon(.j1·1tr·y is iron ca$l.Ln1J. 

6.(1 ·10 su1r11!1ctrj::12 the cJ1scussion, tt.12 µre.·si:..;nt t'1tdl1.:r- h.::1s 
L1nd1.::rgorie n1.i fl.ir·ther c1evelopment t.H?CdL1~:.e of t~1e, poor 
cifjpru<.1Ch tu design, dev1:lopmerit .;ind n1<.1r1L1fei.:::tL1rir1g. ;,1n,e;:tra 
.:.:ftort could e,:;,sily c:d1-:vc.te th~ dL'~icJn $0 th..:1t Cl bigt1er 
product.inn YH'lcJs a tin1st-1t~d product. T11c· prcm1ot.ion of 
dt?Sl.Ql'I dnd 1:1,1nufac:tL1ri.nq r11L1~;t be instit.ution.:.1 iz1-1d ,~CJ thut 
tta:r t::• .. r L· ·--~-J l l-Lr- .... 1.lrtJ.r1g c.1n~1 r~st:!,~n:l1 t.:.1c:1l1,t 11::~ ~1.1 lt1J n thu 
r(·! .. 'IL~h Of' tht:·.:' 11·111D\11-,t.(')r:;, c•llc1 dt:.'~>iC)fll:!('S. 
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1-1ula0-·-=e:..: l"=> 

t.." ~:,,11t·.' 

t t1l~ 

It 
uy-pruducl Ul 

.l s t Ile t 1 n ._. l 

-- J:'_:_ _!_ 

pr u.: t.::"='- .iny sue ru~c? in 
0rflu.0•11t .::11:•1 r·es1dual 

·,_, ! I Lii) 

su11pl2 

r-.~ t l.f"•<: r- 1 c:. 
tr-om 1·1l11c::h 

ff1ec.ns. The 
no cr1stall1ne sucr-usl.1 ca11 b•~ r;bt.=.1ned t..y 
final molasses frot11 the centritugdl pldnt 

.is ct ver-y h~c.vy c.nd viscous syrup ira tt1 ci compus1 ti on, sho1r1n 
orr t.:.hle 1, that varies i.-1.1th soil ._,nd cli1natic conditions. 
Tr .. -:- esti111c1ted quantity of molasses produced in Sud ... m .in 
l985-L~J6 WdS approxit11ately 2.0 million tons. V~ry little 
01 tt11s qu<H1l1t·y irJ<:1s ut.ili:::ed arid tlK' n:~::;t was d1schdrged 
ir.to tt-1e rivi:rs. 

U='Ue-1 l l y 
e;:.::u11pl12, 1l 
indirectly 

cctn be 
tor tti.: 

Cdn be d1ver·sely ut1lL.:12d. For 
used ctS tertil1~~r, ctn.it11al teed, and 

pri:,lh1ct1u11 ot -:,pir·it~, C1lcot1ol, 

l ht~ F1ri::>11gc1r- dnd Zu;cucl·-L·r· pr·oc:'-~~,s..:s -11-t:.> L~·io ~uch iriel 1 
Lnu~·.w, 11tethods o t c hemica 11 y c.<nd phys lC--d 1 y r.;-,cov12r 1n1J sugc.H· 
trOllt 111col.:1~,~>teS. lt ~t'E'fflS, hO\o'h~Vto-r, tt-1<-1t tht~St" rH-(KL::!::,~:es for 
..:ie·::.ui]--.r·t z.:_, ttc.n o t mo l as,::L!s are mor1:: ~:'. pt:!nsi v..:, th.:1n th~ 

Ll~,us~' l 111~thuds for ref .i.:11raq sugc.r cc.1nl:.' Clfid L.:1:: l Juice. At 
pr<;":,t.;1t, su~jc1r- 1-::,, c.1 r.::1r·e co11t111odity in Sudan. Although Sudan 
pr·u~ILH:es <-~11d 1111~·ur-ts suqcir, the supply 1s still st1ort ot 
JL!-11t-•.n1j. Sug.:;.r on th!:! black mar•,et ~;~1 ls tor prices tt-·n 
t::..111c-~; Lt-1dt ot ttie usuC:il price. Tl1.:r12iun~ 1n pl.:1ce~- li•e 
~>udun, it is worth1rih1le to t.:-tckl·-~ tt-1e 1001a~s.:-5 to .in.::r-ease 
lhL! .:1Vc.\.llctb1l1 ty of SUl)c1r. 

Lo 
-rt1t-' .::itJJ1::ct.lvt: of 

I.Ill l .l::t- lllOlctSSt~S 

C<Jr1• .• u111pt ion. 

this resi:: .. 1rcr-1 
lo ubtct1n .:i 

.lS to 
syr·up 

lf1Vt::'~tl9-1 tt:-· lrk1 ys 
fil tor 1-1u1n.:_1n 

I u r·t=nuer· tin:::: r-aw 111ul .,_,s~es t l. t -ror- t.u111c_1n cor1,:,u111pt1on 
~:011·1<~ ot it: cc.r1stituents must be r.-!lllOV!::"d. rt·1c:s·-· u111r1c:1nted 

CfJl·1stitu1:.:nt~, "-~rt! 01C:1.lnly .lfiOrfji1nict1 cl~.he~. le.Ible l c~hCivlS ttil1 
n .. -=1t11re .:ind qL« .. '<ntit.Ll.:!S ol" th~•!:;.(~ 1t1etC:ill1c ion·~. 

l'dt.liouijlo tilt~ ~:.lllJcH· Cc.;1ll Li.: r·L"1l1~-i,1L'd r..l1..:1111r._dly tru111 
11101,;,.-,,;.;::, b/, pl'·c:c1p1.taticJr·1 101:::tt1od~;, i:t11:st:_: lllt:lho.J,~ e1re not 
yt:t r1:.,ccm1111.-:,r.dL"d .in 1ndustr·y bl:'Cc:1u~_,,:, tit~'/ r1t:L:l1 1urthl:r 
r-l·~IHJ/,_\J t1·-,_.'1'-·'t1nt.:ntb ut Clit:H1l.Ci;tl!;, LU1p-.·:r·1111~:--.1bll·.~ fc..,r hLlfO-=.\fl 

c1111~,u11q,t.1u11,, l.l~C! tr.,::~~-
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t!t l!\~L.'°'-' ut l l l ::..:~ o::i-ar-._-,,u~'tLu1J1-.,.ill1, ~'.; "' pti1~> lCC.l 

:_t,<~ purl t 1Cdt to11 ot :::111.Jc1· 111 lL<.! 1acd._1::...~i.:S. Tt1~ 

u t LI l .:t::~. 1,1n-::.-t.·::ch.:.1n•J•~ c hru1116to~ir-.-1pl1y rc.r-
•.- l · p .. d ~1 t I UI I • 

111 l.111s r~~t::..:1rch tt.e aµparc1tus u~t-d ·rur dL·"::::.U•J""' i;.:.o.tion 
or ~ud .. ,nese molasses w.:.s a simple q lass col u111n of ttie 
d.1111..::r1~,.iuns 7:..:11) iniu ;: 51).t:l 111m ii.1. Tt-1e colL1n111 ~''"" pdcl.~d ~iith 

a c .... tion-2:.c hani]e ,-~sin charged in Ca2+ ronT1 .:.1s st1uwn in 
figur-t- 1. A molass1:!s solution at 5 /. w/v was prepan?d. 

,.; sui L:1ll le .:i11 .. )L\li t of ctC ti ve carbon wets .:1dd~d to 
t.h~colur 1;:e tht~ 111olds~t:·s !::>Olution. The solution ~ias then 
t.1.ltt:r·..:d ..:111d t1:11 tu tt1e toµ ut the colu11111. ,..:\tt.°"'r·w~.r·u-; tt1L' 
molct~s0~ WdS followed by an eluent (water}. Bath µ~netrated 
dn~-;ni.-idrd thruugh tt1~ r-es1n bed under gravl. ty. ·1 he r·esul tant 
solutiun ~-ias collt.o>ct~d .ot11d then anali::ed tor tht~ presence 
cind qu,1r1titi1.,.,, of mt:.-t.;;,ll1c ion~. Th~ tht::"ory J~t..111d the 
sepctr-L<.t.1ons pr1:JCt::'Ss is tt.cit the chro-n=ttoqr<.iiJh.lc colL1mn 
~u. th .:..r1 ion--i_.;:chanqt: rl::..ln .:.c ts .:,s an ion-~::c t-..:.nqer, an 
.iun-.:::.:clus.lun .. ,1·1d °" g~l-peri11t.=:dt.lon to st.?lt.:.>ctively separatr: 
111.:,,t .. d l .Lc. io11s ctnd cul 101d~ tro111 tt.e ni: .. :ilct~S<.'s. 

·1t1t.' L\lictlysis or SLIUc:.\IHo-S~ molas!:o...:s la..-!or·t.: ,,nLJ ~•tti::r 

elution through the column was pertormt.:.>d b~ Fldm~ fm1ss~on 

Spt:1:tr-opt-1olo1flt:try (AAS). FEt> was LISi::d tor lhi:: dt!ti::nninL•tion 
for ~;, Na+ c~~+, wh.Lle AAS WctS us~d for My::+, ~~3•, Hy2t 
and f'b=:t·. Hie rusult J..S ti.ilJL1l-"1tt:tJ in table '.2. fro1ri tt1e 
f1gur-~::s st11::.wn, it is cl~c:H- that <~ notc:d1le .:tnd som0tl.me~~ 

co111pl12tf: i:.:l11 .. 1nc:\l.Lun for monov.::dent Juns 11~-.e ~; and fur 
th1.• J011'.;j lll-.L' Cd:2+ <Jnd M·J'.2-<· too~:. plL1CL~. Li::s:;; d1:!1.-Jni.:c1t1on 
l'"l·~lll li.::rJ l.f1 till~ Cc.1'::>~ ot t.r-iv'-'lc-nt ions llkt.~ Ft.~::.+. 

l·.Ll]Urt.:: ~'..:'.) ~t1CMS c.1 SLlgl)e!i'.tt::d S~E:lch ot d .H-Ul~0S~ that 
, is ch:;siiJnt:d tn dt":.L1CJC:1r1::e 11101.::1~:.se:::. bd~.~.J on lhL" t.1ndin1JS ot 
, ttH: c:cdu1r1n ct1ro111t:1logr .. 1pt1y u~t.·d in U11s ~iorl. ·rt1~ d1mC"11~1ons 

, of tl10 units of th1? SL1qg ... stf:!d process depe:nd on U1e <\ll10L1nt 
, ur 111c-,JL•-~A!~, produClid by tl1i:: rt~fJnt:ry. 

' T 111.: 111· uct.:~-~ 1,r 1">pu:.H:S tc1 ~ul Vt~ ci µr·l:~•-''' t ;.;Ll•Jc.•r l r·l. ~,1:.. 1r1 l t.1:: 
'~,;ud,_111. Ttl1.~ produ<J:t of tht~ pruce!::>~> can si:::rv.: d·:; ,, tt1ick 
' Sl.llJdl'" ~.yr·up j fl bt!Vt•r •. 1gL·b dfld contl:C t.LCJlll~r 1£,·~.' t tu.I, Silv,inl] 

lhti Lt y~.tdl 1.1 rlt: '.i.~1q.:.1r fur· 01.hL:r· ,fn;·t~d~,-•• 
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Water 

Sugar 

CAN N>LASSES CCl4POSITION 

Organic ashes (nitrogenous) 

20 

62 

10 

Si02 

K20 

Cao 

MgO 

P205 

Na20 

Fe:-_03 

Silica 

Chlorides 

0.5 

3.5 

1.5 

0.1 

0.24 

1.6 

0.4 

100.00 
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!2!!~ 

Na+ 

K+ 

ca2+ 

Hg2+ 

Pb2+ 

Hg2+ 

Fe2+/Fe3+ 

F oud pnic - - ~ lng ~qu1 pan.en t 

TABLE 2 

Al«>UNT OF METALLIC IONS IN SUDANESE 
f«>LASSES BEFORE AND AFTBR ELUTION 

Amount before 
~!Y!!Q!!_iP~l 

708 

550 

495 

445 

2.6 

6.27 

37.0 

Amount after 
~!Y!!Q!!_f [>~l 

7.0 

0.0 

29.0 

l.6 

1.4 

5.67 

2.59 
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'Rubber bunp. 

Glass column 
Dimension: 
750 nun x 50.8 J11111 0 

Ft·:Ol"I l"lllLASSFSS 

Packinp: resin 

L To 6allll)le collect)r 

fjn1re 1: CH'ROMATQr,RAPHTC TO'f-fXGHA?tr.E CO!)JIA!j 

[J. ~ 
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P- 1 

lntr-uduction. 

rtae process1ng of tood gr .. un play·s E\n 1n1port.o.nt 
econo1n1c role in Sudan tor two reasons. Firstly, processed 
grain food 15 a very important element in the di.et ot a low 
1nco1i1t? groups, especially in urban ._'\reas where there is no 
equi.pmt:ont to perform the t>asi.c processing of agr1cul tu.-al 
~nd animal products. Secondly, the use of appropriate 
tt:chnolog1~s to proct:oss th~ grain 111ay turttier· dCt11eve 
soc.io-econoanic objectives, such as em~loyment qener.;;.tion 
and the saving ot scarce foreign exchctnye. 

Thi.! stone ini.ll i~ an e::a1nple of locc.dly 11tanL1factured 
t.·4u1p111ent .in Sudan. It taC\5 been constrL1cted in a pri.vdte 
mc.ch.1ne st"aop. To have locally manutactured equip1nent, there 
11tust Lo,:, sLillt:.'d 01anpow12r and good kn01r1-how, available raw 
materials and well equipped machine shops. 

1. 

The b<?ginnig of this c~ntury laas w1 tnessed the 
erection of th~ first machine shop in Sudan. The purpose of 
tt1.:.t machin~ stiop was to prodL1.::e t:Sst."ntial spar12 pc:.rts and 
machine el~ments for Sudan Railways. ~ccordingly, a 
t~chn1cdl school was opened to provide s~1ll~d, trained 
m ... 'tnpower to the 11tdchine shop. This mcichine shop inf luencc-d 
inciustr-ial Jt!v~lopmt.:.'nt 1n the fiudan. T11ere are no1r1 more 
ttaan 100 st.:.'conu.u·y t~chnical !:>Chuol•:.; .:..rid 2~ h.Lgh-lechn1cal 
lnst1tL1t~:5. Four ~11CJineerl.nlJ Cull21JE.'S have tiet:-n 
established, as a result of this develop111~r1t, sk.illL"-!d 
n1anpotrit:r r1as e:;ceed~d ti-1e local de111and. 

,., 

Lust iron, brass "'nd mild steel .. u-e not. tti~ mo::it 
con1mur1 m~leri .. ·ds required in machinio:s c1nd in tt.e t-CjL1ipment 
rr.anufc1cture. Rt~ct-ntly severul foundries heve developL"d to 
111t-:-et tl1E-~ 'cJc:1nc:.1nd ot local indu<i:>try. Electric: turnc:,c~~ t1c:,ve 
gr~dudlly 'replaced the diesel on~s; ov~rhuad crdne~ have 
r-E·pL .. 1c.t::d 'tilt~ mc1nu .. d ope:!rc..t1on of m<.1ter1.ds. ll1e~e 
du'11~lup1111~r1t~. .in foundrit!S have el.1m1n.:.ted tt1e problems ot 
cc:1st. Jn1r1 .'u1d L>r..i::i~ •• 011ly 111.ild st.t.:t'l i~ 11nµortL."d. 
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p. r:-

--· . 
-11-,12 yUvt..:rn111ent or·gc\IUZed Wt:!ll-~quipf>ed lllc.1ct1i.n~ st.oµs 

to cover lhe needs of big governmental enterprises, such 
as, Sudan Railways, Sugar Plant and El Ga::ira Board. These 
shops do not include the manufacture of food processing 
equipment. FLtlly stocked machine ~hop~ handling such 
equipment are found in the private sector. 

CJ1:-s1qn ot food pror:essing equipment 

l'ldny food processing operations frequently rt>qLl.l r-e the 
br~cikdown of solids through the application of mechani.cal 
forc~s. One such mechanical force is cereals milling. 

The ~i::e reduction of solids generally involves three 
ty~»es o t for-c~s. Those µn;;:domi.nating force: in co111mon l y 
USl~d mil ls ill the food industry ar-e sum111;~u-i::ed be lo~': 

I- n r·c. t­
Co111pri:-ssi ve 
Impact 
Sl1i.:-ar-( at tr i lion) 

F'r111c1ple 
Con1pression (nut crc1cr .. er) 

Imp.;.ct (hammer) 
Attrition (grindstone) 

Machine 
Crusl1ing ro 11 s 

Hammer mi 11 
Stone mi 11 

The third type of force is extensively used in 
machines for the comminution of softer nonabrasive 
11k1terials of s1naller sizes, i.e. tine grinding. 

l. tht:! 111otcr--ar1d-pestle t~chniqut:! used i.n ttie hoL1sc>hold. 
2. the engine-powered hammer mills and stone mills, 

~quiµ~ed with diesel or electric motors, used by 
custom mills dnd merchants mill~ to produce whole 
lllt:.:\ l ; <ff• d 
th~ roller ffiills -::-·-· . this paper- di.scL1S~E:~ tt.e gra;.i.n 
~.tone m .l 1 l ) • 

In ei typical stom~ n1il l, a conicc:tl or pyrd111id-sh~pe 
holds the whoh~ gr.:tin, ~ihich enters the 111i l ling chamber 
tt·1rougt1 "" fet::d v"dvt:. ln sum~ models, "' ~t1.:d:.inr, device and 
a scrc~n prEvent large impurities from entering the milling 
chd1obler. Tht:: !::>heiir-in~1 action ot the flat ~L1rtC1C(;:S of two 
Hlentic'"1l 1111llstont:s pertorrns the milling of the grilin. One 
stonti' i~; fu:i::u ,to thl~ millincJ chambt:::r wtuli;• the otl1t.:r stone 
.ls mount..;:d cm, .:a rotatirnJ drive sh,.dt, conr1i.:cli::d to .:1n 
e~:tL•rrr1c.d c.-n1:.:r-<Jt ~nu1~ce 'Ce.CJ. <.ill eli:ctr1c: 111otos, d1ese·l or 
tractor er1c;iine)'. t1qur~ t illustratC:!s' tt1L.• l.J<.1sic d1:si.cJn ot a 
stor1!2' 111.111. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:1 

___ . _______ p. ~. 

I h.:~ yrdin fru111 tt1e hopper .i.s te.J tt-.r-ougt1 tilt? centr·al 
t101.::· .i.r1 the rota ting stone and tt1en .i.n to tt1e gap betvJeen 
tr1e two stones. As the rotating stone 111oves against the 
stc.t1onc.iry stone, the gr-ain is 9round c..s it tr·C:tv·els tro111 
tl1e centre to the peripher-y of the stones. The two 
111illstones 1nay b.? s£·t vertically with <.i horizontal rotating 
sh~tt or hQrizontally with a vertical rotdting shaft. The 
di.:1111elc-r of the millstones varies according to tt1e type and 
si.:~ of the model. Generally, because of the we.tght of the 
stont::.'S clnd the relative difficulty in suppurting them in an 
upright position, vurtical mill~tones are smaller in 
did111i:::-ter (:20-~16cm) than the horizontal millstones (61-71cm) 

lhe capacities ot eli:,ctr··.i.c 1notor~ us~d .Ln ~..;t.one mills 
var1 beh·a~e,1 •).4-1.~ ~-vJ, according to fi1ill capacity and the 
diameter of the mi 11 stone. The 1notor- capdci ty governs the 
rot.:."1t..ic,n sp•2i::d u t the 111il I stones wi tll c\ 1r.a:-:in1u1ri spe~d of 
b•~•(l ··d(H) r p111. 

Tt1e C:tll1·:iun t or gr-ound 111c.1 ter ia 1 d~pends upon the motor 
c3µ~city, the rotation sp~ed, the millston~ didmeter, the 
gr o.Ln v.:.1riet/ Lind the dt."~ir1::.-d tinene~.>~ ot tt.~ CJrOL111d 
1naterial. lhe average output of d v~rtical stone mill is Gu 
kg per hour. Thus, the ci~Erage output of stone mills varies 
between 33-l,600 kglh, depending on the motor capacity, the 
position (vertical or horizontal) and diameter of the 
1n.i 11 stone, tt1e type ot grain and the required fineness of 
the gr-0L1nd 111.=i ter i a 1 • 

Millstones C::ire m<.1de 0L1t of 
materials: 

one ot following 

1. 
,... ... 

·~·. 

4. 

natL1r<.1l stones; 
s111al 1 pieces of natur .. d stones en1beded in ~• 111.:1tr1:·: of 
Cl~lllt:nt or· other suitcible materic.d, such c\S t.~mery; 

... 1rtitic:.L.::d storn~s Ricide of en1ery, Ccir·borundums or c.1 
m1:d·uri::· at the:;e two m<.iterials embedded .in .:.1 matri:·: of 
111dtJr1esiu111 o:.ychlor.i.de cemE-nt; or 
a1jd.i ti on a 11 y t1t:a t-tr·1::.- ... '\ t.ed or vi tr· 1 t .L~d cc.rbor·undLllfl tor-
increased durability. 

t-:1 ~1 lpi1ur· t .11 llJ 

slcme types. lh~y 

df'IU pr·oti.;:clitHJ 111L:t<-il Llo:.111cJ t:1'1c !usl:S c.d 1 
0:1rt;;;· gnJovt1d to ~d 101-1 the ~liear-ir1g ot tht?. 

tu d~,si~.t the move1m~nt of tt'1t.~ CJfd.111 to CJ r· c\ i n , ' c.1 s "'...: l l 1:.1 s 
tl1L' s;tor1u pe1riphf.!r"y. 

It-.£~ c.:.1s.inlJ of 
iron.' 

most 

i'111' 1.d1.:L Ll'"H. 111ulur rLllt!;.. tht.! nu'll 'thruuqr-1 l.t1rL':L· V··'tiL"!t: .• 
lL 11~1 ... ' ... ~ YE::r·tlc:,d spu11..·, ~·1~11cl1 rot''-1t..\_-; t.IH:! lu1m.~r·'stc:irl1.':'. llit.! 

1·'1 •. 1rid 'wt'1l:t:l uf t.:1L: spr1nq tL'r1~1brH:'r r •. 11.~L"'~ or' lo~it?r'b tlii.i.> 
Ic.iw1-::-r' '.toi-11:: th rcirttrnJ the fJrlt.'flt~·:,'c.; <-;Jf t.llL' tlour: ft·1t.?"upp • .>r 
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~"tone is T i;;ed and t-i.;,s c1 lc.rger d1.::u1aett:r ttk1.n tt1e low12r 
:;;ton~. n-.~ 1r·.o-ding and Contracting Company locally 
111c.illUTdctL1res the stonio:s; the rai.-1 mater·i.al (e1T1;:;ry and 
c~rborundL1m) r~QLlired is imported from Denmar~. The mill 
has a stand with three legs made from mild steel iron 
angies, which ctre joined to the body at the machine by 
riveting and post welding. There are two 0L1tlets for flour. 
A teed control is there for the seeds supply, which has a 
vibrating butterfly tlap. 

S ( •t:eC 1 t JC cl t i Ol 1 ~-

capacity 
electric motor 
pulley 
uppers ton~ 
l oi.-1er stone 
l1opper 

~; tand 

500 kg/hr 
three-phase, 10 hp, 1,~00 rpm 
4:::'.u rµm 
71 cm 
61 cm 
58 n 68 cm. made from a 1.~ mm mild 
steel sheet 
74 cn1 diameter ,, :::.2. 5 cm hu1gt1t 
made from a 1.2 mm mild ~teel sheet 
6.5 cm mild steel c.HHJle and 4 ;; 8 
cm. iron LI-section. 

Cast l. r·on 
bear-HhJ !Juide 
foundr-ies. 

pc:1rts, suct-1 Cl!:; .=. main sµ1ndlto- t1uL, red ler 
and top bt:0-<:tr ing case, <.ffe pnjduced in local 

t-"iuurt:~ l (vljrt.i.cLd stone 111111) .;;1nJ:? (hor1.:onL.d storalJ 
mill) st1ow the p.=.rts of the locally made st-.me mi,lls. 

lhe l:'.ILi 1 u.:1 t.1011 stui..Jy ot 
m.ills; lfktS per·tr,rm~Ll lJy L~ t~c.\111 

Consultancy ~~rv1ce tlkCC). 

l CJC cd l y 
trom tht~ 

mL1nutactur.:..·d 5tont? 
l n du~:, tr .l (I l fi I.:' !;j L: ..:;\ r c t I 

{', LUH1p.1rlSOrl of ti\"' orit:ra'....l.O:-l, tht..'- i21.tlLl.i2nCy <.1lld tl1t:: 

p1r1ct: ot th,-: loc .. dly 111 .. H1utc:,cturL!d stur11~ 111.lll ~l'.l.tl) tl•~•l 01 
.:1r1 1111port.~:d 011e hL.1v1nq tilt: S<-•Hll: ~pL'Cl.t1cc1t.'ion~, tr-om 
f>c•n 1r1i.t· k s hoi.-r::;: 

l. 

'l. 

ft11.! pr·1cL· or t.11.:: luc<.1lly 111.i;;riuL.1cl.ur.:..·d stu11te 111111 w<.1!::. 
1'-~i iJ,UUu. rln .. : pr1c:~1 cif tt1e .1.mpur·ti·~d 111111 w..:1:::>' L:;; '/,lUU; 
I tit: dt.>gr-c>t~ o t t in1-·11t.::~.:;::> ut tl1e pr·oduc t ""''s thl:"! "''1111t2; 
lhe loc..:dly H1ctnUt<.tctun:!lJ m.ill v1<.1s 111urt:: s't.:1tdc (lto-S:> 
VJ.!Jr·ut.lCJrt) dlll'"Jlllj Opi.:lrL,tlOn; .:tnlJ 
'1111~· 1.-ic.dly c ..• ~;tud thrust. th: •. 1r111•J 11"'.'i' .. • lrn11.11·r 

1 f•.".,1i . ..111 l.li-111 I t1 ... 1l u t tl1L' lll1pur t 1-·d 111111. 
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t-Cood proct-~:.J.ng equi.pu1en t 

tL UJGll LY l"lt4L1t::: ... ~ l!.!!·lc 1-11 l_L ________________________ p~ 

rt."" prop~r runni.ng at cu~to111 mi.lls 1Jt::~n~r1d 011 ~•n 

etti.cient, organized production and an avd.ll<lble, ~dequate 

.intrastructure. 

1. S ~ .l l l r·t'g Lil. n:c·1nen ts 

lht! 
which may 
tr·aining. 
the mill 

running at milling equipment requires skills, 
be quickly learned, tor e:;ample, on the Job 

The mill operators need only •:now how to adJust 
for grain processing. On the other hand, the 

m.:.nn tenance ot the equipment: r t::quire 1111c.·ch.:.,rtic<.d n~p.:.iir- dnd 
s•~il ls and 
electricity. 

in some cases, a minimal knowledge of 

~. ..._. Inf r-as true tu re requ.i re111t-n ts 

Generc.dly, infrastructure requirement~ depend on the 
type and capaci.ty of the mill as well as on the need to 
stor"" lt1t- ret_.. materials and/or output. Depending on the 
adopted engine, mills may require an electric supply li.ne 
or· c1 pt>lrol /di~sel storage an::a. 

The installation buildings tor- mi.11.ing e:qu.lp111ent .and 
the storc1ge areas should be well ventilated since tt.e 
111illing proce:;;s generates a large a1riount of dust. Tht-r~ 

st.uuld be adequate roofs to protect the gr·.:1in or Tlaur Tram 
rdin. The buildings should have cement floors to min1~1ze 
floL1r co1·1t<:1mi.1-1c..tion by !:ia11d or d·rt c.nd to tacil1tate the 
clt?a11i111] of the floor. 

1111 
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" ~I Jl'.~-il Ly i'l;~DF s ror-IE MILL p. C 

fixed grinding stone 

!eed controller 
system 

drive 
pulley 

/ 
machine 
ca.sing l 

product 
output 

' Figure 1 

rotating 
grinding stone 

Diagranmatic. r,epresentat1on of a mechanical, 
stone mill with vertical grinding stones 

storae gap 
adju~tment 

/system 
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Product 

l-1.).:Jd proct-ss1n1J c-qu11,.11c·11t 

;..; : < •t Hl l y f"lt!UI::: ~ l LINE 1'1 l L L 
---- ----- ·------- _ _£~-

Grain innut 

1 ~ 

l 
output~ ~Product. output 

'Figure 2.1 Stone mill diagram 
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Fi~re 2.2 

ll 

e ;_ 8.5 Cl'I 58.5cm 
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Hopper 
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I 
I 55 cm 

I 
I 
I ' ' 

Hu~ner holdin~ p~a~ea 

I 

f'j fFUTt' 2 .' J, fforrtr' 
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Figure 2.5 Seen t:rom b9tton 
(Lover facin•d 

21 ca 

let' 

fisui-e 2.1 nov ou$uk. 

\ 
I 

26 cm 

p. l(• 

17 cm 

n 
Outlet hole rod 

Figure 2.f Flour outlet 

\ 



I 
I 
I __ _._fl;._;•:_ l 1 

I 
I 
I 
I 
I 

~igure 2.8 Stone vheel 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' " 

I Fifl'.UTe 2.9 Tensioner and 1~rjnr 
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1. Introduction: 

Uyctnda 
indL1stry to 
tll~ir loc.:tl 
di rec ti on, 
industries. 

r~c:ogru;:es the need tor devt:-lop1.ng traeir own 
produce food processing equipment, to satisfy 

needs, the government is 111aking ~fforts in this 
promoting the development of small scale 

S~•it::rdl piece~ of aiJr·J.cullLWdl L>qu.q..11llel1t h...t~ ~o tc..1r 
been developed, as declared by their promoters, being 
e~pecially db~ndant in th~ country the toed processing 
equip111e11t, hov,ever, very tew developments have been 
accomplished tor food preservation. 

Thi~ report deal~ 

deve 10~1ed and produced in 
Ground Nut Sheller. 

about somi= 
Uganda: a 

of ll1ose •ies.igns 
Hammer Mill and a 

(for 

1. 3' 
iTa<:\ize, 1T1illet, CciSSava, etc.) si=e appL::"nd.Lc~s 1.1, 

1.4 and 1.5 
1.2, 

ltus hamm.:r mill is desiiJned to ~L1it. ... 1ny type:- ot grain 
milling, The main body J.s essentially fabricate~ from 
galvaniz~d heavy duty (3 mm thick) mild st~el plat~s, with 
a central rotor ha111mer fitted on 2" Ill, salr centering 
b~arings. The averdge h~mmer mill can be connected to an 
electr-ic ur dies~! motor ot 11-1~ ~··"' (15-20 l1p). Powt:r 
trans.11ission is supplied by a :3'B' section vee belt (or 
mori:: depending on size) and the reco111mended ~peed is 
3,0(H)rpm. It ha<:. an outpL1t of 700-150 ~;q/hr, dep~nding on 
th~ scrt::l::'n s1::e and tt1e mo.i~tL1re conl~rit ot thE: grain in 
question. With a maize grain of 16 p~rcent moisture 
conh:-nt, l,52l) ~.g/hr· of 1ndize tlour c..:1n b~ produc~d 011 a 

m scrt:~i::n whil~ a 1.5 mm !:>Creen w1ll yield 78u ~.tJ/hr·. 

Tlae h"'ir11n~r~ ..:ire mc.1de ut a lov1-c.:tr·bon stet!, which is 
hdrd~n~d and reversible, giv1ng them tour lines. Depending 
on ttat~ c.:ap~\cily ot the mill, Cl different number ot s..-,inging 
h,1m1n..:~r,:, are fitted onto the rotor: 

1or 16 hp ••••••••••••••• 16 hamm~rs; 
tur 2l} hp ••••••••••••••• "!.2 h.:;11r1111L"rs; 
t1Jr 4U tip ••••••••••••••• 40 h .. 11rn111.-r·~. 
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p. 

~-;.ltl1J.l.:.rly Lh~ ett.LClt.!ltC/ or lt1t.: t.111 lS .ltl;pr-L!·/~U by 
ctdditiondl blode~: 

tor 16 hp ••••••••••••••.••• ~ blade~ 
tor 26 hp •••••••••••••••••• 4 blddt.!~ 

tor- 41) hp ••••.••.•••••••••• b td ad•:s 

Grain .is fed by bulk or bag into th~ t~~d hopper. 
F'nt~umcltic te~-d in the grinding chan1bt>r is contrcd lt.:d by a 
regulating duct. This duct controls smooth feeding 
simultaneously, allowing the operator to inspect the n1illed 
stuff for any impurities which may occur, i.e. stones, nuts 
and bolts. 

., 
GRIJUNDI llJ l SHEL LER ( St>e c:tpµend i ;: 2. 1) 

rt:1i1uv1.! lJr·oundnL1t ::.hi:d ls 
long t.iffie tarmers have 
the sh2lls. To lessen 

I hi~ 111--u:.lli11e .i.~ J~~.iyn~d tu 
tro111 lhe nL1ts tlle11tselve~. For a 
re111ov ed by tidnd the? nut meat t rom 
this laborious task, this machine has been desigred to 
incr~ase production. 

This is basically a manual operdtJ.on. Dry nut shells 
are fed into the machine until it is 75 o~rcent full. With 
a cac~:- and forth movement of the hcir..11e, tt1e machine 
cr·wshes the nut shells and in doing so, the r-t>sLllt~nt nuts 
and the shell fragments pass through tne perTorated grill 
base of the machine. The resultant mdss .i.s collectt.!d far 
easy separation by hand pickinq. 

ron::; t n.1.-: t ion. 

The tJoiJy ot the n1dC tune con:;...1.:::. t:::. of ~ heG\'• y, mild 
ste~l plate, -~· 1r.m th.le~_, whil1=: the~ bottom is mddt:: ot mild 
stetd tlats of 1.~". The crL1sher i5 m<-tde ot surfc.cl! 
h.::1rd~n1=:d ~lt!i::l rod~> at 8 mm tlic:tm~ter. Tl1!:'.! cle~--1ranct:: betlo'iei.:n 
th.~ cru~h12r· c.1nd LottrJ111 gr.i.11 .l5 4-6 111111. 

For· an ~l.yht hoL1r wur~:. ing stu t t, orii.2' c .. 1n c ru~h cm 
.. =.ver~<:JP. of fiv~ tu ~.L;: bacJ~ ot dr..1...::d gr-011nd11ut ~.t112ll~ •• 
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1. Int r-oduc t Lon: 

~tuu1~~ conducted .in Zamb.lL-t al thl! 1-J ... -.t.iurh.d Luunc.il 
tor Scientit.ic Research (NCSR) have indicated that storage 
conJ.itions of processed foods play a maJor role .in ~1ther 
enh~ncing or retarding of nutrient degraddtion. Vitamin C 
(Ascorbic a! id) in carbonated guava Juice degraded from 
35.lmg/100g to 2.Bmg/100 g, i.e. 90 percent in 72 days~ 
when ~tared at room temp~rature (20-25 deg.C): (.1) results 
in a sim.ilar product by other scientists; (ii) indicatethat 
there would be only 5 percent degra~ation of the acid if 
the Juice is stored at 0 ta -~.deg.C. Sofisticated 
equipme11t such as freeze driers have l~d to an even greater 
improvement i11 retarding degradation of nutrients. Pulp 
froill yuavd wds freeze dried at NCSR laboratories. It was 
found that vitamin C had dropped from 22~.~8 to 222.64 
mg/1(11.19, (i.e. one percent degradation) .in a one-week 
period, as compared to 152.4 mg/lOOg (32 percent) for the 
pulp stor~d und~r room temperature. 

has 

C r-,oosing constructirn1 
dt~ve l opm~n t. 

In Zambia, development 
been hampered mainly 

materials for eguip1nent 

of food proce~sing equipment 
by the lack of suitable local 

con~truction materi.:sls. The most readily uva.ilable 
materials C:tre wood (plan~~s), mild steel dnd Cdst iron. 
Untortun~tely, termite~ tend to attack wood u11les.s it i5 
treated. This, however, increases the cost of the materials 
and con~~quently of the equipment. Wood c~nnot with~tand 
the high pressure involved in most food processes. ln 
dddition, it tends to soak wat~r from Juices thfrreby ma~ing 
it fragile. The expensive way to prdvent this is to pdlnt 
l t"1(~ wood so t hd t it bt:.-c omes water res 1st ant. 

c~.._..t .u·on or mild st~el .:tre not r~co1r1mt~nded tor 111ost 
pruct.: .. ~in1J t:quip111~11l ~111c~ the~e lhdlL:rlals ar-t.! n2· .. ,d.ily 
~usceptibl~ ta rust and .incapable of withstanding haavy 
lo.otu~. Stairll~:o.s. stt..>el, ~'t11ch is riot easy to f.ir1d in 
z ... ~mblci, is r t:.•COITllnt?flded for fiibr .lCdt.lnCJ food proce!:.sing 
L'qll l p111cfl l. 

Out! to 
fabr1c..-t1on of the Juice press. 
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l n mo~ t ca~es food processing n~su l t::. in ! osse:, in 
roo\.J nutrients. h:esults "trom e::µer1111ents at the Food 
Te~hnologic.:.l he-:.earch Unit (FTRU) ot the NCSR, indicated a 
'-'l•t_.,;tdr.t.ial lus°"' ln .. ·.it.am.in C .in gu .... v.:.s c1-·~.id1L11n GudJ~\Vcd 

'"tl~r µrc.,·e'..oS.1111J tllt.!1ll thr-OLh)h a h.:..1111.el' 111111. Tl1e re:;ult 
s~.o ... ,~~'1 .1 qri:~~ter los~ of the v.itdmin .in th~ "tl.=.-0-t. tt •..• n .u1 
lhe ~,e...,. ls. The loss "'as more pronounc1~d tri thL- processed 
tll!=-11 and pL"els than .in the unproces$t?d pdrt~ . .:dtt.!r ..:!. 14 
d<-•Y µer1od i11 the colo room at 0 to -~.C. 

T i-\i.<LE ONE 

01:>tt-r iordtion o"t vi ta.nin C in f!!::OCe~--:.t~t1 

and unprocessed guavas 

before 
l!!:C:.C: e~~' l ng 

V i tam l n C { fn•l I J (u)g ) 

after proce~sed* unprocessed• 
prore'!:>-:,ing gc.trt.a. part£ 

peL"l~ ~75.6 270.2 
171.4 

188.3 
lt). 5 

24~~- .1 
~-6. 7 tlesh 189.0 

* att~r 14 days ot storage 

cil. 

Li • 

t: • 

low cost of fdbricdtion 
1'"1.:ileri~ds u~ed are loc.ctlly dVdll.tblt cinlJ Lio n.:>t ne.~d 

tore1gn exchange. The metals used (chdnn~!~) were 
picked from the scrap yard ~t lh~ ffidnut~cturer"s 

wor~.st-.01-·. 

r-: .. ~t•> •ll•~r.cttt> 

l tit: t:qu.i pmt:nt dcn!S not rL"4u.i r~ ~µ~l-1.ci 11 ~~LI lrilln .ir1g lo 
cipt!rcitt: or t.o-ven to maint<l.111 .it. lt:.i lHJht i.-1~.11.Jht '°"'~ .. es 
Lr Lln~pol' tc. ti.on e<.1sier. 

Ch1:·dpc-r tl"'1ar1 current mP.thod;;, ot -~-·:rtr~c: t ion 
lht~ CL1rr~nt method of Jul.Ce t:,;trdc:t1on fro111 loccll 
tr·L1its. ir1volvt.!~ co~ts of clar1fyi.nrJ • .HJt:nt~, of -tilter 
a.id "'nd ot t>l1.::ctr.ic1ty to run th~ t1ltt:r pri.:.·~·:.. St~e 

tt1e prnce!.>s. dJ.ctl]rc.uns for tht:.> two cl1tferl..•nt mod.:.·~ of 
J 1.1 .i c. 1.: I..' : ; t ,- cl c t i u n C iJ .i .. , <J n11 '-' ~ 1 .;111 d ~ ) • 
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JI.AV 

MAT!lH>l.6 
------~! 

FRUJ'!' \lA~HINr. --

7 

CLEA~--- FIL '!"ER 
.TI JI CF I "'q~s 

~AW 

---------·~· ~T~RIAL'" 

CLEAP .YUJCE ·---

11it.ACHJHE 

Re.1ects 

l 

~.ACHIF. 

'qe.1ects 

4 

F!LTER-Aln 
llJXJ1'G 

'l'AH 

HYDqAUL!C JUJCT. 
:-= 

r~s 

p. -· 

'PF.F.LT'fG 
'i'APLE 

Vaste (peels) 

5 

'DULP~ 

I ~!H~HF.1' 

llaste (fibres} 

__ Pf'.EJ.!1'G --· TA.'iLE I PILLJPfG P,JN~ 

Waste ( ceels) 
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FABl~ll:Hfll)N OF rH£ EOlJif·NEtH 

~-r-0111 lhi= des.i.yn drc.;w1ngs. th~ hydrc.u l ic J lt.l.Ct µr-t-ss ( 
s~e dr-airn11y nu. 1-...t p1ctor1~d ·.-.i.~w uf lhc pr._.~s) wc.s 
con~tr·uct~d. Ti111btr b0ught fr·o1n Zetmb.i.a Forestr1 dnd Furest 
Indu~tr.i.es Cor-parat.i.or1 (ZAFFICO) WdS used in ma~.i.ng 

\.er-tic:.:,l and base support~, racks and the J-torm. The 
cutt.i.ng uf th~ pl.:u11t.s into ro?quired uJ.111t:!llSJ.ons wa.,; done 
mostly at the manufacturer"s Unit and partly by EW Tarry 
Zambia Lim.1.te~. The d1.mens1.ons of the used materJ.als are 
found btlow: 

Na t~;-1,:. l 
Vertical ~upports 

channels 
Recei·.;er 

Receiver Pipe 
Rac•s 
J-torm 
guidts 

Thic•ness 
5.1 
5.1 
7.6 

2.~ 

Width 
10.2 
10-::? 
35.6 

36.(1 
36.0 
10.2 

1.5 

Length 
91.6 
45.7 
3~.6 

5.1 
:..6 .0 
36.0 
45.7 

Two ct1.snnels ot 1T1J.ld steel were collecte.J tr·om the 
scrapyard. These w~re cut to the required dimensions and 
used as press top and press base. Bolts (M12 x 200 mm) 
~ecur~d lhe channels to the vertical supports. 

R<>c•.s were mdde tram plan•;s (36 C1R long and :s.H cm 
ir11.dc). To allow the JUiC~ to flow down, the plan•.s were 
placed 1.5 cm apart. The receiver was ffidd~ tram $tcu.nless 
steel. A 5 cm long clrtd 1.S cm dic.tmeter stainles!::> steel p.i.pe 
was inser·ted into the hole made in the middle of the 
rccei vc:r • 

Th~ cumpon~nts wer~ p.:.int~d b~tore asse~bling. The 
chc:mnels were p.iinted with iron o;:ide prtmer tu prevent 
ru~t1ng. Pl.:.r1l.~ w~re p .. ur.t~d with a wllile uncJercuJt, then c:\ 

pin~ prJ.mer and finally with a glossy white paint. The 
gloss white is widely used in food proce~sing industries 
tn~Cctu~e it .l.~ non-to::J.c, acid resist .. mt and imperme"ble to 
w •• t~r. 

TfSTINli OF FCIUif-·MENT 

fift~~n pl.ne.ipples bought at the Sow~to m~r~.~t wer~ 
dJ.vJ.d~d J.nto three batches. The fruits ~ere peuled, slJ.ced 
into s111al 1 J.ll.t:C~~ and thL'n cov~red .in muttor1 clL•lh. The 
covered piece~ were placed b~tween th~ J-forms ~nd by u~ing 
th~ h.,-dr ... ul.ic: press, cle<£r juice ~''"!:.> e;;tr- .. 1ctt.:d .. nd 
collect~d from th~ receiver. The followJ.n~ result~ were 
0Lt~·~r1t:O tro1n th"-" le~ts. 
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1.-1hol~ tr·uit 
0 y) 

PeelPd tru1t ~u1ce t--·•·r··-:en t Ju lCt! 

e): tr .. ·-: ted (HJ) 

per whole per peeled 
(kg} O.g) 

fruit truit 

4.96 :: . ::~ 1.25 25.2 

4.56 2.95 1.56 34.2 

4.56 2.85 1.60 34.4 
::.:: . 8 
~·6.1 

ft·ae av~r-..tgc? yield is 31.3 per cent JUiC:;2' per .. 1holt~ fruit or 
54.8 per peeled fruit. The conventional 111ethods used at 
NCSR (where clarifying agents have to be used) yield 44.6 
per cent peeld fruit or 21.3 per cent per whole fruit. 

OPTIMlZhTION OF EQUIPMENT 

Sev~r~l paraffieters would be considered in optimizing 
the equipment to have the highest yield. One parameter 
considered was the particle size of the pineapple and its 
relation to the juice yield. The following results of the 
test conducted on different sizes of the pineapple pieces 

are shown below. 

ll=.•rt ir le 

4 ,. 4 ,, 

* 
~ ·-· ,, 3 •.. 
2 :-: '"' ,·, 

s1::e 

4 c Ill 
..;;.. cm 
..., c1n 

Juic~ y1~ld 

~·8.4 

57.1 
61. 7 

• 111ost of th~ Juice lost during the proces!:>.ing due to 
irnprop~r use of the equipment 

COHCLI JS I DI~ 

The equipm""nt pertormed bt:tl~r than tht: 
111et.hcds of ju.ice e;:traction. The hydraulic 
yielded 54.B p~r cent in comparison to 44.6 
the convention.a~ method. 

curovention.dl 
juice pn:~ss 

per· cent tor 

In the opt1mi::ation test, the re:..ulls ~ho1r1t:d that the 
!:>ffialler the size, the more juice one expected to extract. 
Thi~ is no surprise ~inc~ the ~urfdC~ ar~a of extr.dction, 
i.e. cell Wdll on the piece, increases with the decrease in 
the piece size:. However, there is a limit to l-Jhich one CC;tn 
decrt~dSP- tt1e s1::e after which it b~com~s inpractical to 
ti"r1iJli:_.. Tt;l1~., the siz~ 2 ;: 2 ;; ~ cm was e<.\SY to handle. It 
y1cld~d th~ ~ost Juli~~ and 1~, th~retore, the recommended 

si ;.:t::. 

lmprov~n.ents c.\rt: nl.;'ed~d 
c:trid .increa·~~ tht-~ e:u1101..int of 
JUlC~ would b~ ~xtrclct~d 11 
used to r~plac~ plankli. 

to d~cr~J~c ~pu1ldg~ lo~se~ 
fru1ts to ~e proc~~sod. More 

m~tdl~ <'~ta1nl~bS ~te~l) w~re 
' 
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6_ HYDWIUL IL~ ,JlJl CE" PRESS 

PRESS TOP 

\ 

PICTORIAL VIEW Of A HYDRAULIC JIJCE PRESS 

p. 6 

.. 
'"'"' z. - ~· ...... 

% 

ORAWING NO. 1 
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food pruces~1ng ~qu.1 p111"'"n t 

A 1-WDF\AULIC JUICL PRESS 

APt=·ENDI X 

l'L'\ ter i.a ls 

1. 3-ton hydraulic jack 

2. Plan~:.s 

' ·-·. 

4. 

5. 

6. 

7. 

Paints (undercoat, gloss white, 
pink primer and iron oxide primer) 

Bolts (mild steel) 

Channels (scrap metal) 

Stainless steel sheet 
(for receiver) 

Cutting of planks 

TOTAL 

LABOUR 

GRANO TOTAL 

* One US dollar = 10 Zambian Kwacha 

p. 7 

Lost. 
( 0:.1-,acha) 

1559-48 

1117-75 

540-t)(l 

85t)-(l(I 

:::.:.79-00 

3-72 

K4449-95 

1500-(1(1 
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I. l n tr-<ldt 1c t l nn: 

Tt1~ Uni tEd Nations Industrial Development Organi;::ation 
lUNIDO) in August 1986 mandated the Federal Institute of 
Industrial R~sectrch, of Oshodi, Nig~ri.a (~IIRO) "to develop 
a small-scale gari plant that is mar~etable, efficient, low 
cost and will improve efficiency of gari production in 
rural are:c\s", here is a technological summar·y of the report 
submittud in Novemb~r 1989. 

1. The gctri processing pL:mt which was built for UhiIDO is 
based on upgraded and modified exi6ting bdsic designs of 
thl? component unit n1achines which are re<1d1ly c.vailcible and 
which were identified from a national survey of maJor gari 
producers. The gari-plc.nt is made up of seven component 
machines th<lt facilitate the operations of more thctn 10 
ditf~rent steµs in gari processing from the cassava root. 

..... 
i. 

ii. 

iii. 

iv. 

The most critical machines are: 
the grater used for particle ~ize reduction from 
peeled cassava tuber and dewatered (pressed) cassava 
cake; 
screw 
pulp; 

press - for water removal trom tern1ented cassava 

garifier/dryer this 
that first gelatinizes 
water removal (drying), 
gari product; and 

is a cylindrical cooker/dryer 
(cookes) the pulp followed by 
yielding ready - to-eat dry 

a si fter/st1a~:.er - for gari grading. 

3. The layout of the pJant is arranged in such a way that 
ther~ is only onE? prime mover - a 6 tip dit::sel engine -
"'hi.ch dri.ves .:Ill the movable machines (i.e. the grc:1te:r, the 
sift~..- and the 9.1rifiE:r/dryer). Performance ttsts on the 
gari plc:1nt showed that it is versatile in thc:tt equ.:.dly 
drye~ gari, cassavd flour, lafun and starch, unli~e oth~r 
e:ast1ng gari plants lo'ihich produce only gari. The pl.01nt is 
thtH"iO'fore t!>:pt.?ctt-d to be also suitable tor Lt<:>e H• various 
other countrieli that have prefE:rence tor CdSSdVd flour. 

4. Tt1l? de<::>i1Jn of thv pl,mt tau~ .. into con$idL·r-..1t ion th~ 

1nclnL1tactu1~ing fdc1l1ties 11m1tdtion~ in .,,fr.1c ... 1n CulJntrii:.-s, 
avo1djr1g unduv !:>Ofistication~ thc\t 111igt1t dL'fL.·c:\t tt1E: 
obJective, thdt LS to produc~ a low technology/low cost 
g.:1r1 pr·ocE.~!:>s1ng ~1c1.nt. Ttu: c.lryt:'r cc1n bL1n1 ch ... 1rco .. d, coc:d, 
tirt;!viood, ~ ... '"'dust or 1J ... "1S, whict1t:!vt::r 15 ... vc1il.sble, thus 
niALinl] the plc.nt \.~uitC1blt.! tor rurc.11 an~a5. Tht: prt::sEml 
output is 1~0··160 lg/Bhr, but this could bt:: considerdbly 
increa~ed ~Y ch~ng1ng thu oresent prototype trum a bcitCh to 
<.1 continuo:.1s ~roce:s~. 
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Gari is a gritty gelatini::ed st .. ,n:t1 toud proce::,secJ 
fr-0111 ft"rm~nt~d cass~tva (M'3nihot e:;...culLnta, Cr·'-'nt.:) .... 11d LISL.'d 
c.s stc.ple l'ooj in sc111-= counlrii::s uf Wt::..l Arr-ica and Ct-ntr~d 
Al'r.ica. Oth~r products of cassava proces~.ing ar~ cassava 
tlour, sl.::irch, tapioca, "tutu" and "latun". 

D~s.ically gari proc~s5ing involves the peeling ot the 
cc.ssava tubers, the grating ot the peeled tub~rs, the 
tern1e11tation anrl dewdter.lllCJ stage5, a11d tta~ tryHllJ dnd 
pc.c ~- i fi(J s t .. "ge~-. 

Th0re are 
in the coLm try 
invol vc-cl. 

three r~cogni::ed levels ot gar.i p1ocessin~ 
- depending on the extent of mechc.nization 

Th~ tir~t and basic level is the traditiondl £yst~m 
where edch unit operation is essentially manual, time 
consum~ng and tedious. lhe trying is carried out in a 
semispherical iron pot fired with wood. 

Tl1t- second level incorr.orates son1t- ml!ct·1.:.n.i::~ttion or 
improvements, generally in the areas or: Gr~t.in~, where a 
motori::e.-d qrater is used tu rt.:pluce tl1t;' he.ind gruling; 
Dewdt~r1ng where a screw press or hydraulic Jack are used 
to replace the heavy stone, used in th~ traditional 
process; and tne triers where a semi-cylindrical metal pot 
paddled manually or mechanical replaces the semi-sph~rical 
pot. 

The thirJ level 
used by com111ercial 
hara, would tall into 

are the almost entirely m~chani;:ed 
plants, the FIIRO design, pres~nted 

this cate9ory. 

Visits m2Je to several places in the country showed 
that the extent of mechanization varies tram place to 
place, in some places only the grating is mech~ni::ed, in 
others two or more unit operations hdve b~en mechanized. In 
.:.dl CitS~s th~ peeling of the tuber is st.Lil mdnL1,.d. In <lll 
µlact:'~ ~1t1ere mPchanization has been introdL1Ct-d, the 
equipment for each unit operation are similar and 
conventional as discussed lielow: 

r <1 t 1 nq 
The grater consists of an .invert~d pt.,rfor.:.ted l igt1t 

~auge she~t wrapp~d around a wooden roller. Thi~ roller is 
connectt:d to a motor which mdy be ~...!trol; 'diesel or 
electrically operated. The ~achine 1~ also buinq used c.15 

c~ssava c~ke granulator. 

!}1·'1rJ,1 t·_ £'.'I~ in!] pr Ol": f-"i <; 

T t 1t~ cqu 1 pmen t 
cl ~C("L'W prt_''.:>C-, tJr 

s-Y,11t hL·t1c sacks, is 
the o•;cra t.1 on o t th~ 

' 
u~ed tor tlll!:i proc1_ .. ,!_, cori·.>1~t!J o1 <:J thL.•r 

'"' tiydr"dLI 1 ic J <.1C ~ • 1 ht: llld::..t'1 p .. ;C ~- .... 11 .111 

stacked in 'lc~yers arid dL·w,\tt::>r,t>cJ through 
' ' scr8w pres~ or J~c~. 
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:il_ t.ll.!."~ ':l 
lhis is lhe removal ot fibres fro~ th~ grJnulctted gdrl. 

111ash. lhis i.s genl?lcdly donl~ manually but so11112 proct::s=.or 
h ... ..re 111ecl1ctr1l. .:..:ed tt1is op1:::1ra ti on. ·1 tie ~.l~ve i °" hO••t-v~r- 1i.~1de 

tro1n vE,getabl~ fibres instec.d of hdV.lntJ "' metc:d 1r1.::sr1. 

Fry i r:q t r.'iys 
These c:on~ist ot ei th•_,r rt:c tdngu l .:ir· or =-~•h:t 

cylir1dr.lc.:.l r.1et.:.l sheets fired either· ... u.th wood, L1.lesel or 
tJciS. Th~ nu111la~r ot fr·ying trays vari12s from place to place, 
depending on capacity.In all cases the gari is 111anuaily 
pctddled or turned round with wooden spatulas - u~ually two 
people standLng by a tray of about 1 x 2.5 m and 10 cm 
deep. 

Disc 1r11 1 1 
Only one of 

is needed to mill 
the place~ visited had a d.isc 111111 "'hich 

the coarse gari particles to e' .. en si :::es. 

Sifter/Grader 

~n 

on 
the 

The grader is a manual sifter or a mechani:::ed one. 

The conclusion of the tour to a lcirge number of places 
Nigeria revealed that a silent revolution has been going 
at the grass roots level to mechanize gari production to 
extent they can afford - assisted by local engineering 

COiilp.::.nies. 

FINAL SF'Ef:IFICATIONS OF THE MAIN EDUIF'MENI. 

overa 11 d1mt--•nsior1s 
d~~.l~n~d cdpdcity 
<.'<C tu<.d C<.1paci ty 
power required 
actual arrangement 

Mdtt?rl<ods.: 1. 
.l .l • 

l .l .l • 

iv. 
v. 
Ii. 

v 1 i. 

714mm ( L) :: 6l8111m (I.•) ,, ~\t.1:'.\1111n ( H) 
.300 to 350 •-~g/ tu· 
;:.'.(>(I •:.CJ I hr 
2 hp, if driven by electric motor 
belt and pulley drives coupled to 
a diesel engine 

main frame 
shaft 
main rotors 

mild stt-~l 

- m1ld steel 
- ca-st c~lL1111.1.nL1n 

abrasive cov~r~­
pul lf:ys 

g.:d v.:<n i :::1::;d ~tee l 
cJrt..-y Cc.1st 1rein 
s1ze B 9'.:-0 belt 

- bearing -- MP '.2~· ba~.lc: 

b~dring ~.l~e 1030 
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Sl"IALL-Sl~l-iLE Gt\F: I PROCESSING TECHNOLOGY p. 4 

SCF:EW PF:ESS 

overall dimensions 

designed capacity 
final Citpacity 
max.compressive lodd: 

materials: i. 

ii. 
iii. 
iv. 

(L) 980 mm x 
(H) 1690 mm 
s.:1 J.,g per- batch 
240 kg per batch 
3 tonnes 

(Et) 

frame 111ild st~el 

7(lt) mm 

sections and plates 
screw shaft - mild steel rod 
nut brass 
Rams (top and bottom) - cast iron 
or cast aluminum or seasoned 
wood, depending on availablity 

threac' type 
installation 

- square with pitch 12 mm 

GAR IF I Ef,; FRYER 

Bal t down on concn:te base with 
drainage facility. 

overall dimensions : 1420 mm (L) 111)1) mm ( B) 

1660 mm (H) 
charge capacity designed : 150 kg/batch 
operating capacity 50 kg of tiber tree, fermented 

power requirement 

material: i. 
ii. 

iii. 
iv. 

'I • 

vi. 

vii. 

granulated cassava per hour 
1.5 hp 

cooking drum mild steel 
drum cover aluminum 
support frame mild steel 

- fire place - bric~ or mud (to 
be built in situ around frame or 
fiber insulating jacket or mild 
steel plate) 
paddles seasoned wood on 
stainl~ss steel pipe arms) 
main shaft mild st~el rJd 
bush~d by stainl~ss ~te~l plpe. 

- firing fuel - wood, material 
waste, cook1r1g gas, charcoal, 
mineral coal, palm kernel shell. 
When ti.? fL1el is ott1i:.-r than 
cooking gas d fuel oil f1ring 
tray of mild st~ral trolley can bu 
ur::,ed. 
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f.;MALL -·SCALE GAR I F"l\OCESS I NG TECHNOLOGY p. ~l 

SIEVE (SH14KEf.:) 

overo::.d l din1ensions 

d~signed capacity 
operating capacity 

i.-

ii.­
iii.­

power requirement 

mater-ials: i. 

vJE I GH I NG SCALE 

i J.. 

iii. 

.1.V • 
v. 

vi. 

1160 mm ( L ) ·.· ::100 mo1 ( B) 
1025 mm ( H) 
70 kg per batch 

700 kg per hour for grdnulated 
cake 
500 kg per hour tor crude gdri 
650 kg per hour for milled gar.I. 
1.5 hp 

main frame mild steel 
Tray mild steel and wood 
screen wood and ffietal 

welded mesh or drilled 1nild 
ste~l plate 

bee.ring pillo"' bloc~:. 1.ir-·.:::;.1) 
shaft mild steel ENB~ 
cam mild steel ENS (case 

hardened) 

This is a dial type hav.1.nlJ a 111a::imum Cdpacity ot 200 ~-.g 

weight. It is hung on a structural steel frame ot 1-beam 
dL1r ing v1eighing. 

MILL Il\JG MACHINE 

operating Cdpacity 

overall dimension 

power required 

mctter-ials i. 
ii. 

l. v. 

m ... ~::imL1m spai::::d 
disc arran9ement 
instc:.l lat.1on 

45 kg of coar~e gari part1cles 
per hour ( dry milling) 
500 mm (L) A 500 mm (B) 
1300 111111 ( H ) 
1.5 hp 

grinding d1sc - grey cast iron 
grinding huusing - grey cast iron 

or cast aluminum 
grinder base 

grinder stand 

- gr~y cast iron 
or cast .:.1w11inL1111 
- structural 

mild steel angl~ jrun 

72::• rpm 
one rotating the: other stc."tl on~ry 
bolting down on concrete bdse 
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SMALL-SC~l.E G~RI PROCESSING TECHNOLOGY p. 6 

DR I VE ::i'iS l E:·1 

L. 1=rn~ 11 IF i.f,:,; Tl:::R 

drive r-.:tl10 - 1 . 0 f : 1 l 1 ~'-''-' i "/Ut_I r !Jlh J 
lk• l l ~ .l ;: L' 

pulley Gil gratt?r 
pulley prime mover 
power required 

ii. FOR REDUCTION GEAR BOX 
speeJ reduction ratio 
belt(gear box to engine 
pulley 

111. FOR THE DRYER 

- B 95•) 

- :8•) 111111 "'' 

170 min ~J 

::..: hp 

- 60 : l ( 7~5 rpo1 
A 9.30 

- 315 pcd 

pl th :.14" ch~1n dr1ve(dr)er/gear box) 
dr l'• ~r spr·oc~ .. et 
dr iv~r spruc~.et 
type of sprocket/chdin 
power required 

- 2:. t~~ tll un 1 ~:) il1111 pcd 
57 teeth on 3v0 ffim pcd 
double link 
1.5 hp 

speed reduction ratio 2 : 1 ( 1:.: rpm 6 rpm) 

iv. FOR THE SIEVE 
power required 
drive rat10 
bt~lt si::e 
pL111 ~y on sieve 

v. FOR THE MILL 
power reql.lired 
spe~d r~duction 

belt size 
pulley si=e on mill 

- 1. ~ hp 
- 2 : 1 (725 rpffi 

B 93(1 
280 ffilll 11'.'1 

- 1. =· hp 
- l : 2 (3o3 rpm 

A 85 
200 ffilll ii 

DL TA I Lf- 0 or~AH I NGS nF THE lu41~ I 1-·t f\NT 

D2lc.il~d dr .. '\wlnCJS of the gr·ater, s1~ving mactunH, ,sc:rew 
pr~~s and g~r1tyer/dryer are ava1labl~ as shown ~n the 
dnne::. The CJ cir i tyer hcis a::. much us :o c:omponen t i.Jr-~·wang~ us 
~hown b"'"low 

I ff M ML). 
1 

~· 

4 

[Jf Sf:R I r'T I ON 
C.:t~Sc\Vd grc.tt::r 
Sl.ev 1.11g mach1n~ 

Sc:rew pr~ss 
Gdr-1fyer-/drycr 

•••J,.,r·J r_LL.f 
,7 
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Sl·l?.L L-~>CALE (,~1=. I Pfi.:OCESS I NG TECHNOLOGY 
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Title 
G~ri qr~ter part 

Sub .. ~~embly 

Land 1<•h~el 

Front. plate 
Motor support brack~t 
Part detail 

Urdc~.et 

SIEVHRi MACHINE 

T1tl~ 

Chute .and frame 
Ct-.ute sub a~s.:-mbly 
Structural arrangement 
Sieve sub assembly 
Drivfr sub a~sembly 
Fraffie sub-sub assembly 
Part detail 

SCRElll Pf...;FSS 

!• tl~ 
Part detail 

I.Ir ....... n ng No. 
.";'..(h_I l :;:.:=:1)4 

:_:.(1t_I l ::: .• )::;.1)6 

;; .• _1(1l·:.·:i114 
::.1)(1 L :;:.1_1.::.1::: 
:::.1_11) l :;: .• ) 4 •_l l 
.;:-.,_11_; L :2.1)4(1'..:' 

::.1_J1) 1 =·•J-10::: 
_:.1_1<_11...:.•)41)4 
._:.1_11) l 3•Y5•)(1 
:;: .• )(11 ::: .• _.11)0 
30013(13(11 
:;:.(H)13(ll1_15 
."5(•(113•)3(18 
;:.(h_l 1 ::: .• ~1(1(1.5 
.:::.(11) 1301 (I~ 
3(h) 131) ~.(1 7 
3(H) 1 301 (:] 
31_11) i ::.01._18 
:51_1,) i :5•)'.21) 3 
5(1t_I l ::; .• _11 1 ~· 

Or a ... 11ng N1:>. 

3U0110100 
30011(I2(1(1 
300140200 
:.::.0011 (13(1(1 

30011040(1 
:;:.(11) 110 500 
:.;.(h) 110 30 :; 
::.0011 0111 

Dr"'wlnl) No. 
3ll(•2l1Jl10 
:;.(11)210113 
300211)115 
300210114 
31)1)2:2011~ 

3002101'.:;:(1 
:500210104 
~.(11)210107 

.300210108 

.3(11)210119 
:5(11)21010 ;. 
~.(11_12101 o~ 

:;.(1(121 (1101 
_!.(11):.' 1(111)6 

p. 12 
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Food pr-o..:e~si.ng ~quipment. 

Sl'IALL -SCALE GAF: I t=·ROl.ESS I NG TECHNOLOGY 

Sub assembly 
Hopper sub assembly 
Sectional assembiy 
Gated control sub assembly 
Sliding gate s~b assembly 
Rod 
Gate plate 
Shaft 
Bott.om casJ.ng 
Bottom end cover 

Title 
Generol assembly 

GARI-FRYER 

Drive and driven sprocket detail 
Gari paddle dnd arm sub assembly 
Drum support. 
Aluminium rust protector 
Feeder gate 
Gate control disc 
Lifting handle 
Bal ting log 
Top half casing 
Paddle plate 
Top drum reinforcement. 
Plate 

Pa~dle arrangement 
Gari fryer 
Paddle arm 
Housing support 
Housing side cover 
Housing sub assembly 
Shaft deatail 
Housing detail 
Charcodl trolley to fryer 
Back cover supports 
Supporting frame parts 
SJ.des cover detal.l 
Front cover and development 
Cover detail 

DESCRIPTION 
FIIRO/UNIDO Garl. fryer 
Main assembly 
Main 
Main 

" 

:2-(1t)21t)l11 
30013(11 t)(I 
300130200 
300210100 
300140500 
3001406(1(1 
300140153 
300140155 
300140117 
300140147 
:2-00140149 

p. 13 

Drc.1t-1ing No._ 
1896/89-2 
5-1896/89-::: 
'.2-1896/89-2 
300140143 
300140121 
300140144 
3(11)140111 
31)0140109 
300140105 
300140129 
300140138 
300140128 
300140134 
300140148 
300140130 
300110133 
3001403(10 
300140100 
28-1896/89-2 
3-1896/89-2 
lB/C-1896/89-2 
1-1896-89-2 
2A-1896-89-3 
lA-1896-89-3 
4-1896-89-3 
3C-1896-8'1-3 
3A-1896-89-3 
3E-18't6-89-3 
38-1896-89-3 
E-,1896-89-::: 

DR~~W I NG ND. 
~500140100 

030013000 
300210000 
300110000 
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Intr-orluc t ion: 

A pr~senl~tion is m~de ot a ~~ri~~ of 
agricultL1ral 11ianL1al tools, com1nonly used bf tar.ner·s in the 
ande.ar1 Regi.u.-1, especially i.n Peru. They are cidverti.sc=d by 
the proJect engineers and pro1noters as capable at provi.ding 
to the users: Good performance, Quality and ea~e ot work. 

T.-101 s 
Tr-i.dent 
F·ick Mattock 
~Jeed-hook 

Hoe 
Furr-ow 

Ki.tuchi(Sickl.:.-) 

ChaqL1itaqlla 
Fork 

Application 
Tuber Harvest 
Breaking up of hard soi.ls and weeding. 
weeding of vegetables 
Weedi.ng, ridgi.ng and irri.gati.ons 
furrow preparati.on tor seeding and 
trdnsplanling collecti.on~ of plants 
soil preparati.on tor collection of plants. 
recollection of weeds and stones 
in the high Jungle areas is L1sed tor 
weeding, and roots harvesting 
in the high mountains is used tor weaning 
and weeding 
Andean manual plough 
to handle forrage anJ stL1bble 

Glpssary ot terms used in drciwings 

spanish 
azadon 
Chakitaqlla(*) 
escardi 11 o 
grande 
horquet.:. 
kit.uch.iC*> 
mcdor.~da 

pequer1o 
peso 
pico ta 
rastrillo 
sL1rc.:tdor 
taqLli l lpLI( *) 

trident~ 

uy=.CJ ( *) 

english 
hoe 
(original quect-.L1a na1111?) 
..-1eed-hoo~:. 

big 
for~:. 

(original qL1ec hL1a n.:unes) 
improved 
small 
weight 
pick mattock 
spih~ harrow 
ridger 
lOr19in .. 1l qUL'CllLlc~ 11.:11111::) 

trident 
(or·iq.i.n<.11 q11t..>ct1L1.::1 n ... 11110) 

fer turtiit>r in torn1c\ ti on: 
Coopt-r· .:\c .1.0r1 f t-cn i c.: a di:.' 1 Gobi t>rno Sul. ;;o 
Coti..,=.u ·- Ht-rr"nd1na 
P.U. Bo:: ~.:.ltJ, Lim .. 1 10(1, f't..>n.'.1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

lb. I 11f _lil 
~-it~.ight: 

-b.iy tr.id~nl l.5v kg 
-~;111c:d 1 tridi:=nt l .(11) ~:.g 
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Sl'l~1LL 

H-< !Ol:N r 

it brea~s up the hdrd so1l~ and r~mov~~ w~~~~, tdk1nu 
b.11) lwnps, cind "'ith tht: S-'une tCJol, "from tt1~ ot.t-1er side 
1t can be US(:d ti hi't for clod-cr·L1sh:.1.n1J. 
ft1e WJdttl of ~Iii~' trH.ll"::.'llt ollc;:>w~ tubt.:r t1<1r•1E.:~tlr11] 
"'ithout dam"•Yt:!. 

i 
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l"IAl'JU..;L AGIUCUL TUh:AL TOOLS 

F'In MATTOCK 

.. r "~-- -,--· 
~-- --\ 
·-·-- -------1 

weight l .(11) ~-.g 

r --- -

. . ... 

r - -----·---------
... 

us~d tor harvesting of tubers 
also used for weejing the f i.elds 

llJEED- HOOK 

. -

- -r _.-::::::--:::::::::~::: --·- ·- -----.]-.. ~ 
p~.--- \ I ri-· ~ 

~-- I \.. -- t 

' : a 

p. 3 

'" 

..., 1 ·' . -- ...: r 
• - .: Irle.lg ht 1 • (II) ... g 

0 

,,. ... 

: \ 
tL--· _: 

It is used for we~d c 1 ean .UiLJ, 
horticultural orchards. 
(t l.~ al~o used for removing soi.lb in orch~rdb 
lt11~ teiol l.!:> U!'..t.-'d t.>~puc1c1l tor 1r1u111t.:n .. 111cJ cl11lcJrt.:r1. 
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l"li4NUHl AGR l Cl IL l Ukt-iL TOOLS µ. 4 

weight 1. (H) kg ~, 
·' 

r -'-"] :I • 
l ... - -- .. 

/ ' . .. 

i •· , .. 
e I - -

~~ :\ 
L u ..J 

it is used for weeding, extraction and pulling away of 
weed, thus cleaning the area. 
when ridging, the soil is well hilled, forming the 
furrows and ridges staight and well shaped. 
it is wsed for preparing the irrigation channels 

FURROW 

1.50 kLj 

•"' ' / 
// 

/ 

•. __.J•.-----·. ---~· --

,., 

-~ , .. ---------- _____ ___... 

it i~ us.ed in for vegetables, ma~--~b cl~"'° .:.md stral.l]tlt 
furrows. 
it is us~d for irrigation ch~nnels prepardt1an 
wh1~n ridging vegetables, 'pu~hes S>Ol.ls aroL1nd the pl.:.-.1.t. 
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Hgricul tL1rc.d l"lciclunery and Implements 

MANUAL ?1LiR I CUL l I Jh:.~L TOUL S 

SF' I ~· E ~ IHF;:ROW 
v.ie.ight 1. ~(I kq 

"' ... /".' 
,,·/_.· .· 

.... "'" .... _/. / . _,. .. 

~l· 1--
- . 

.,, .,0 ,. -
I 
I 

L.-- -----

p. 5 

, ... ··- •;, - •o _.:. _ __.. - .- _.!._. •• _ _.._. .•• -

... 

atter preparation or plants collections, the re111ain~, 

weeds and stones are picked with the harrow, it alEo 
levels the surfaces around the collections 
it can be used in small areas for picking up stones and 
stubble. 
great ease of ~or~ for the operator 

KITUCHI (ANDEAl-1 SICKLE) 

weight 0.80 kq 

in the high jungle are~s is used for weeding, and roots 
harvesting 
in thH high mountains is used tor weaning c:1nd wei:::dirig 
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~gricultural Machinery and Implements 

MANUAL AGRICULTURAL TOOLS p. b 

!.tlF"ROVED CHAU TAQLLA ,.. 

!/ 
I . 

Uy so 
.-

['~(·.· 
r====\.l 
l s'. J 

'•• 1.C.f,, 

1!:°L 

' 
: . 
f I 
, 

I i 
I : 
I I 
d 

J , 
. Taqui.llpu " . 

I B 
t l ~" 
. t 
I I 
I I 

••• 
••• 

.. I ...... 

• J 

' I 

f ' 

weight 1.20 kg 

..... 
. •··· -···--·---.. 
---- .... __ \' 

•' . . 
----=i 

-------- ---- --~:_:j "':._· _______ _ 

-i<:L----------------~---
L__~ ____ _....•~·--------~-· ~ 

... 

it .is used tor winnowing the thr-ashed mci te'r-.ial, to 
sepdr~te th~ chaff from the grain 
it is us~d for transpor-ting, loading hdy and fcdd~~ 
froffi one place to another 
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IWiUAf. HGlilCULTUAAl TOOLS p. 1 

816 Tlil[)[llT PARTS LIST 

Part Put nue llty ftilerul 

1 Hub 1 Stl!tl pipe 3/16" I 1 1/2° f 

2 side teeth corr. bar S/8" t 

3 centre tooth 1 corr. bar SIB" t 

4 reinforceaent 1 flat bir 3/16° 1 l" 

electric •elding rods 1 Cellocord 1/8° t 

electric 11tld1ng rod 1.S Superc1to 1/8" t 

Coal 0.40 kg 

Red f'olint 0.008 gallons 

SllALL TRHIENT PARTS LIST 

Part Qty llitenil 

nuaber 

1 hub 

2 side teeth 1 

steel pipe 3/16" 1 1 1/2" t 

corr. bar S/8° t 

3 centre tooth 1 corr. bar S/8° t 

4 re1nforce1ent 1 flat bar 3/16" x l" 

Cellocord l/B" t Electr1c •tiding rod 

electr1t 1eld1ng rod 

coal for forging 

red pilnt 

1.5 Supercito 1/8" I 

0.4 kg 

0.08 gil Ions 

16 u 

S7 ca 

2l ca 

2 Cl 

0.028 kg 

O.OSl kg 

lleasures Co1aents 

16 Cl 

38 Cl 

16 Cl 

2 Cl 

0.028 kg 

0.053 kg 
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Agricultural ftich1nery ind !1pleeents 

ft.:llllJAL AGRICULTURAL. TOOLS 

PICK ftATTOCI 

nu1ber 

pick Httock 

coal for torge 

liE£D-HOOllP1cta1e) 

Part Part na1e 

nu1ber 

1 •eed-hook 

coil for forge 

SICKLE lllTUCHll 

Part firt Rill? 

nu•ber 

k1 tuchi 

2 handle 

•rapping 

coal for forging 

p. 8 

PAflTS LIST 

Qty ftateriil 

1 spriag leaf :i/16" 1 2 1/2° 

2.:; kg 

PARTS LIST 

Qty ftaterial 

1 spring leaf :i/16" 1 2 1/2" 

2.5 kg 

PARTS LIST 

Qty ftiteriil 

1 corr. bar 5/8° Ix 2S c1 

1 Eucaliptus •ood 1 112• x 1 1/2" 

:o.ool gr. •ire 110. lb 

' 

' 

2.:; kg. 

fteasures [aeaents 

21 Cl 6.7 kg 

fteasures Co11ents 

21 Cl 0.70 kg 

fteiSures Co11ents 

0.70 kg 

ll Cl 



I 
Agricultural n.ch1nery and l1pleaeAts 

I ftANIJAL AGRICULTURAL TOOLS p. 9 

I SPllE ffh~ROW(1anual tool) PAATS llSi 

I hrt Put nan Qty ftatuial fteasures 1:01.ents 

I nu11ber 

1 hub 1 stttl pipe l" I 10 Cl 

I 2 re1nforceunt 1 _urr. bar l/8" I 5 Cl 

I 
l teeth 9 corr. bar 3.8" I 9 Cl 81 Cl 

4 teeth bar + 2 teeth 1 corr. bar 1/2" I :18 Cl 

I electric •tiding rod 2.5 Cellocord 1/8" t 0.069 kg 

electric •eld1ng rod 4.5 Supercito li8" I fl.lb kg 

I 
FORl PARTS LIST 

I 
I Part 

nu1ber 

Part na1e lily ftaterial fteasures Coa1ents 

I hub 1 steel pipe 1" t 10 Cil 

2 side teeth 1 corr. bar l/B" I Jl Cl 

I l inner teeth corr. bar l/8" t 62 Cl 

I electric •elding 2 Cellocord 0.055 tg 

red paint 0.005 gdlon1 

I coal for forging 0.10 tg 

I 
I 
I 
I 
I 

--'-
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µ. 1 

lntroLiL1ct.ion: 

A presentation .is made of a s~ri~s oT ~ood processing 
eqL1ipment, CLlrrently .in applicat1on in the andean rural 
areas, espec1ally in Peru. They have been stvdied and their 
engineering drawings and production ffiethods rationalized , 
tor better dissefuination afuong farmers, small manufatL1rers 
and hand1craftmen in the country, these are been promoted 
~s capabl~ ut providing to the users: Good performance, 
Qudlity dnd eas~ of work. 

GRAIN l;J I NNOWFR 

ar>plicdtion: Cleaning of grains, big and s111all 

Auv.:tntages: 
more efficiency in the 
big, it has a capacity of 

cleaning of grains small and 
150 - 250 kg/hr. 

it classifies grains like quinua, ca~ihua and kiwicha 

- easy to operate 

Technical data: 
weight 35 kg 

- length 1.55 m. width 0.45 111, 

tt~chn1c.:tl ter111~i in drawing: 
folva 

- Hopper 

heigth 0.98 m 

spanish - english 

Ranura para entrada pard el material a ventear 
- Inlet opening for material to be winnowed 

Gdnchos pdra colocar dos Costales 
- hooks f0r hanging two bags 

Man1vela para dCLionar el ventilador 
- handle for turning winnower blower 

Ventilador 
- blov1er 

LIMPIA Y CLASIFICA GRANDS 
- CLEANS AND CLASSIFIES GRAINS 

for further information: 
CooperaciOn T~cnica del Gobi~rno Suizo 
Cotesu - Herrandina 
~.O. Box 378, Lima 100, P~r~ 
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I· ood Proc~ss.ing t=-r,L1i p111c:-i t 

p. 2 

~nly two persons are required 

lwo bags are hung under the Winnower 

is loaded thrashed and s.ifted in the 
hopper of the winnower. 

One of Uie operator feed lJ ctle by little lht> 111d.chine, 
througt1 1:111? inlet opening, trying to cr~ate i::\ uniform 
CL1rtain of 1ik1terial 

·1 he other- operator is re-=:pons.ible tor tur11.ing the 
"''hei?l handle> to move tht: blower, giving the necessary 
and appropriat~ revolutions according to the type of 
grain being treated, for smdll grains li~e ca~ihua, 

~iwicha ur quinua, it is slower; tor grains l.i~e oats, 
wheat or· bar-ley, the blower has to i::>e run faster and 
f0r laryer and heavier material like tarwi, b~ans and 
other puls~. the rotational speed of the fan has to be 
even faster. 

the big and clean unbroken grains fall by gravity .into 
the first bag, and the smaller broken Jrains and tt,.J 
unwanted ~eeds fall into the second bag. 

the retuse and stubble are expelled through the rear 
part of the machine. 

it classlf.lP.S the small grains l.i•-.e kiwich .. 1, qu.inL1d -"\S 

well as the wheat, barley and other grains. 

horst>bt:'"'ns 
trench beans 
t._\rWl. 

wh~at,barl~y,oat 

qu.inua 
k.iwicha 

95 
9(1 

'·/1:1 

90 
!:·<) 
::)\.) 

100 
9~ 

95 
'15 
6(1 

61) 

• r~m r~volutions per minut~ 

1 uo - 1 ::11_1 

401) 450 
2(11) - 4:)(1 

21_11) - =:5u 
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Fuud F·r oc~~:...i ng i;:qu i µn1e11 t 

~' 

JC;•111•1,, ri:ua 
••1111 .1.f 1 rl·~I 

- - 111:it•·• i •I ;1 

Gancl111c; r1;u i' •·olncar 
dos co'ilill'''i. 

Manivelil j'at ii 
accion;,r Pf 
ventilador 

'.,_ Ventiladm. 

p. 3 
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6RAIN WINNGliER 

I 
p. 4 

lllNNOIER F'ARTS LIST 

I 
F'art Part n•u Oty ftatenal lleasures C0Her1ls 

I nu1ber 

I lllheel(channel) equal angles 1• 1 118" 133 Cl 

., 11heel aras b corr. bar 3.8" • 19 Cl 114 Cl .. 

I 3 hilndle 1 round bar 112• I 12 Cl 

4 handle sleeve steel pipe 518· • 11 Cl 

I 5 bushing(11heel sn•ft) 2 PVC pipe 5/8" I 5 Cl 10 Cl 

I 
b 11heel shaft round b•r 5.8" e 5b Cll 

7 pulley 2 steel plate 118" 10 I 10 Cl 0.02 12 

I 8 blo11er shaft 1 round bar 5/8" f 48 Cl 

y fan blaaes b steel plate 1132" 12 I 28.5 Cl 0.21 12 

I 10 lilades bracings 12 flat bar l/lb" 1 3/4' lb Cl 1.92 11 

I 
11 bush1ng(fan shaft) galv.steel pipe 5/8" t 24 Cl 

12 fixing scre11 1 scre11 318" ex 1• 

I n fin cover 1 corrugated galv. plite 1/b4" 150 I 34 Cl 0.52 12 

14 fin box(lo11er part) 2 11ood plank 1· • o• 35 Cl 70ca( 1.lf t2 I 

I 15 classifier cover corrugated galv.plite 1/b4" lb I O~ C• 0.122 12 

10 classifier cover corrugated galv.plate 1/b4" 2b X 34 Cl 0.054 12 

I 17 classifier cover corrugated glav.plate l/b4" lo I 34 Cl 0.054 12 

I 18 hopper : sides 2 11ood plant 1• 1 ~ • 125CI 250c1(4.2ft21 

sides 2 11ood plank 1• x b" 80u 100c1!2.7ft21 

I head er.d 3 11ood plank 1• x b" 42c1 12bc112.2m1 

' 
botto1 llOOd, plank 1" I o• 47u (0.8ft2) 

I 19 uc hine legs 2 11ood, square 2" 1 2" 97u 194cal2.2tt2l 

I 2 11ood, square 2" 1 2• 89c1 178c1(2ft2J 
' ' 20 c~oss bi1rs 4 •ood, $quart 2• 1 2• 44 Cl 11or1p mi 

I TOTA~ WOOD 17.3 ft2 

I 
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.1gr-1cul turi-tl MachJ.nery and lmpleu.ents 

HAND CUT !ER p. l 

In troduc ti.on: 

A presentation is made of a series at Food processing 
equipment, currently in application in the andean rural 
areas, especially in Peru. They have been studied a~d their 
engineering drawings and productLcn methods rationJli~aed , 
tor better dissemination among farffiers, smdll wanufaturers 
and hc.ndicr-af tmen in the country, these are been pro1noted 
as capable of providing to th~ users: Good performance, 
Ou~lity and ease of work. 

HAND FORRAGF CUTTER 

application: 
Cl.1tting of 
tor horses 

forrage servings for fodder, hay or grass 

better cutting of forrage allows improved consumption 
and diminishes losses 

Advant3ge:;: 
forrage can be cut to desired size 

it occupies little space 

-, echnica 1 data: 
\-1eight S ~;g 

chopping-~.ni fe 22" long 
- it can be fixed to the wall or a column 

t~chnical terms in drawing: 
Gula 

guide 
Tolva 

- Hopper 
l'lc:.chete 

spanish - english 

- machi:?te, sugar-knite, cutting ~;ni1e 

- contracortEt 
- count~r-cut, ~nife cutting bas~ 

for further information: 
Cooper·aci6n Tec:nJ.ce:\ del Gobierno ~L11~0 
Cotesu - Herrandin~ 

P.O. D0x 378, Lima 100, Per~ 
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.:.gr-icul turdl Mdchint?ry and Implements 

HAND 1 ~UTTER p. -

Only one person is required 

- a bundle of material to be cut is held with the left 
hand, introducing it through the hoppL-r, (to cut the 
desirl.:'d length) 

- with the right hand you pul 1 tt1e Lni fe do.,.mwdrds, to 
produce the cut 

underneath the cutter you place a blan~et or a basket 
to receive the cut material 

?erf~rmance and operational data 

stubble and dry hay 
fresh or green grass 

- leaf of maize 
- size of the cut 

animal food utilization 

,,,,. 
MM 111 I! 

l~•') 

250 
2(1(1 

I I ·~ · .. '1\ 

5 
90 

2C•O ~. g I hr 
300 ~,g/hr 
25«) kg/hr 
10 cm 
95 percent 

f ,111,\ 

\ ,· 
/ 

./ 

_,. 
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iiKID FO~R~6£ CUTTER 

P.irt P.irt nue 

nuaber 

1 ln1fe 

2 h1fe guide 

l counter lni fe 

4 support 

5 •ooden support 

6 hopper 

1 t.nife stop 

8 fuing sere• 

9 cutter fixing bolts 

10 knife support 

11 hopper fixing bolt 

lily 

1 

2 

2 

2 

1 

1 

1 

4 

1 

2 

p. l 

PARTS LIST 

it.ten.ii n.: .. sures Coaaents 

Hcllete (knife) 22" 

equ.il steel .ingle 1" 1 1/8" 41.2 ca 82.4 Cl 

equil steel illgle l" 1 l/B" 42 Cl 84 Cl 

equ.il steel .ingle l" 1 118" 45.5 ca 91 Cl 

llood ~lillk 1" I 6" 70 Cl 

corrugited gilvn plile 1/64" 0.17 12 

flit bir 3/16° I 1" 10 Cl 

sere• 5116° t 1 2 1/2" or 5/16"t 

bolts 3/8° I I 1 1/2" optionil 

flit bir 3/16" I 1" 10 Cl 

boll 1/4° I I 1" 
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t-tL=r-iculturc.'l i-1 .. ,ct1i1-it..:'ry .,.nd l1nµlt.:111t::nl°"' 

Introduction: 

A presentation is made of a seri~s of Agricultural 
equipment, currently in application in the andedn rural 
areas, especially in Peru. They have been studied and their 
engineering drawings and production methods rationalized , 
for better dissemination among farmers, small manufaturers 
and handicr-aftinen in the countr-y, these are been promoted 
as Cdpable of providing to the users: Good performance, 
Quality and ease of work. 

appl .ic<1tion: 
it cr-ushe~ ~oil clods 

recollects weeds and other undergrowth 

- lt.:vels tt.e ground 

- cov~rs the seeds 

it creates a good bed for the seeds, it does not 
compact the soils, it only crusties tile clods 

it covers the seeds to d uniform depth, the seeds 
ger-minate more uniformly 

pulls and recollects cill the weed, leaving it at the 
side at the terrain 

it can be easily coupled to the andean plo~gh or it 
can also be pulled with a rope 

it is of solid construction and ~asy to handle 

tor further information: 
cc,oµc-rc.ci6n Tt-cnica del Gobierno tlUl.ZO 

Cotesu - H~rrdndina 

P.O. Do:: 378, Lima 100, 1-'en.:1 
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p. ') 

ft:chn.ic.sl .J'"'ta: 
- wt'.l gtat of the harr-ow 12.5 kg 
- width of the work 1.5 m 

number of teeth '") ,, 7 = 14 teeth ..... 
- distance between teeth 9 cm 

F c. _t_.Y~_ . ----

=='rl 1rR ~ ~ .. 
- . - - ·-. ·- -- ·------ ---

·=rF 
l 
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p. 3 

Operation Instructions 

the harrow 1s pulled from the steering ~ar by a rope 
or with the anoean plough 

harrow pulled with a 
wooden steering bar 
3 to 3.5 111 long 

harrow pulled with a 
rope, attached to 

animal yoke 

the harrow's light weight allows an e~sy transport 

to improve 
the depth 
instc:d led, 
the harrow 

the effect of clod crushing and increasing 
of work, additional weights have to be 
the operator or his helper must stand on 

P~rformance and operational data 

for weed cleaning, clod-crushing and levelling, it 
requires appro>:imately 4 hour·s per hi::ctare 

in recoll~ction of weeds and other undergrowth 90 I. 

degree of crushing 78 I. 

- ~~eds covured in one pass U3 % 

- seeds covereJ in two pas&es 9~ % 

- clod crushing per d~y 2 hectares 

it covers the s~eds when they '"'re h.:.tnd thrown to the 
C:\ir tor- SE.!~ding 

'it COVE.!r'"S the S!;tt:?d!::i and lE.!Y~l~ U1L~ qruLir1d' wl1E.!n SL·ecling 
is made in furrows 
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ttgr1culturil nach1nery and 11ple1ents 

SPIKE HAfifiOii p. 4 

Sf'HE HARfilllli(iniul dri11n) PAfiTS LIST 

Pirt Part naae lily lliteriil 

nu1ber 

1 side biirs 2 equil illgles 3/16" x 1/1/2" 

2 cross bars 1 equiil angles 3/16" x 1/1/2" 

3 ear 1 corr. bir 51e• • 

corr. bir 112 t 

4 reinforce1ent 2 flit bar 1/8" x 1 1/2" x 28 c1 

5 teeth 14 corr. bir 5/B" Ix 15 c1 

electric 11elding 4 Cellocord 1/8" t 

electric •elding 16 Supercito 1/8" t 

coal for forging 1 lg 

neuures Couents 

115 Cl 230 Cl 

lU Cl 

25 Cl 

16 Cl 

56 Cl 

210 Cl 

0.11 lg 

0.57 tg 



I 
1· 
I 
I 

./115 

I I I 
I I I 

·: I I : 
-L-1 --L---'---~I _ _J_ __ __i_ _ _ __ .__...J.__.L______J"---i---'--~ 

,R,ASTRA DE :orENTES 

' 

HERRANDINA 
I I I I I 

' 
'" 

"'·'-------5 

Esc. aJa Frc:ha Nombrt 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Fuod proces.,;;.ing equ.ipm-=-nt 

p. 1 

lntn::.duct1on: 

A µresentc.l.ion is 111ade of a ser1e:: ot Fo.::,d prot.:ess.ing 
~qu.ipment, currently in application in the andean rural 
.:ir-..:,as, t:s.pec1ally .ln Peru. They have l:Jeer1 studied and tt.eir 
engineering drdw1ngs and production methods rat1onaliz~d, 
for bet t~r- d l sseminct ti on an1ong t armers• sm....t 11 manL: t ci tu re rs 
and handicra f tmen in the country, these are been pro1noted 
c.s. cc.pable of provid.ing to the users: Good pertormanc:e, 
Quality and ease of work. 

dppl.ic.o1tirn1: 
pr-E.·µc.ra ti on of 
conserva.tion 

hay and torrc.ge bales, tor storing and 

Adv.=.ntctqes: 
r~duces the volume of forrage by 4:1 or 5:1 

a.I lows an easy handling and transportation of iorrage 

r~duces the losses 

trae equipment is of ~asy hc.ndl1ng 

~a1ntains the 4uality of forrage 

Technic<d dC1ta: 

0.5(1 m, he.igth 
wu.ight of baler 54 kg 
length 1.97 m, width 

- steeri~g bar or lever 2.5 to 3 m 
I) • 60 Ill 

t~chnical terms in drawing: spdn.lsh - engl1sh 
- agarradera de compuerta 

- geite handle 
apc.-rtura de llenado d~ material 

- opening tor refilling of material 
corredera de ld prensa 

- slipway tor the press 
mecdnismo de presion 

- mechrln1sm for application of pressure 
p.3lanca 

- handle bar or lever 
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food proct!s~.i.ng equip1nent 

p. -

f.i.x and adJust properly the cover of the bale m~ker 

place the material to be packed (hay, stubble, etc.) 
ins.i.de:- the feeding box and once it is full, pull the 
lever to press the bale. 

ttu:::; 
packed 
bale. 

process is repeated until the material being 
is sufficiently compressed, forming a compact 

the fastening operation is done passing either a wire 
or a rope through the box slits. 

-Tie up with a yute string or wire.-

once the bale has 
removed and refilled 
second bale that will 

been well fastened, the cover l.S 

with more material to prepare the 
push out the first bale. 

once two thirds of th~ bale h~~ com~ uut, th~ 

extraction is helped pulling with both hdnds, to 
prevent the material from the second bait: coming out. 

the cover is replaced in position, the second bale is 
compresed until it can be fastened; this operation l.S 

repeated for the following bales. 

Performance and operationc:.l data 

in one day's work 60 - 80 bales can be compl~ted of 
hay and stubble 

this labour is done by two or thr~e workers 

tha pack1ny of leaT~ of llldl.Ze is mor~ l6bori.ous and 
only some 20 b.:des pt:r d.:ty c,m bt: olitained 

tor fL1rther in tor1h"1 t.i.on: 
CooperaciOn T~cnica del Gobi~rno Suizo 
Cot~su - H~rrandi.na 

f'.O. [lo;: :378, Lima 100, Peru 



I 
food processing ~qu1patat 

I PA:l£F. or ~lf llAIER •· l 

I 
'Jill£ l'lilER PARTS LIST 

I P•rt Put ni8e lily lliten•l llfuures Coufllts 
nuaber 

I 1 bo1 4 llOOd plink 1° I 6° 196ca 784ca(ll.2fl21 
5 llOCNI pl.ult 1" I 6° llOca 65'1ca(10.0ft2J 

I 
3 llOCNI pliiak 1" I 6° 90ca 270cal 4.5ft21 

press 3 llOd~ pink 1 1/2" I 5" 38u 114c1( 2.4ft21 
cower 3 •ood pliDl 1" I 5° l8c1 114cef 1.6ft21 

Totil llOOd (]2.6ft2) 

I 2 cower frilf 2 steel fllllil ;.agli!S 1 • 1 118" 60CI l2Ut1 
2 steel fqtlil •ngles 1" a 1/8" Un 90c1 

I hsteners 2 round b•r 112" t 6CI 12c1 
2 roun' lair !/2" t 7u 14ca 

I 
3 inter1fl1i•te fr•lf 2 steel fllUil ingles 1• 1 1/8" 60c1 120u 

2 steel tqki~ .uagles 1• 1 J/8" 45u 90c1 
books 2 rOWld b•r XI lOn 

I 4 inlet frue 4 steel equ•l iRIJlfS 1• 1 1/8" 5x1 220c1 
2 steel fiiu•l ~les 1• 1 1/8" ~. lllO 

I 
5 press frile 2 steel equ•l iAIJles I" 1 1/8" 5x1 110n 

2 steel eqllil •ngles 1• 1 J/8" 4XI 90CI 
6 inter1edi•te rino 1 steel equ•l illgles 1• 1 1/8" 4XI 

I 
2 steei equ•l iRIJles 1• 1 118" l2c1 64c1 
2 steel pl•tes 1/8" 9 I 8 Cl O.li14 12 

1 slipwcy 4 steel equ•l •ngles 1• 1 1/8" 54c1 216CI 

I 4 flit bir :• I l/16" 42tl 84u 

8 pressure lewer 2 stl!tl pipe l/4" t 42ca 84u 

I 2 steel pipe 3/4" t 50u 109u 
ring for lever 2 corr. b•r 3/8" I 19n 38c1 
nng for lever I corr. b•r l/8" I 26c1 

1 steel pipe 5/8" t llc1 

I 1 rOURd b•r 518" I 17CI 
1 steel pipe l/4" t 42CI 

!ewer support 2 round b•r 5/8" t Ilea 211ca 

I 9 press 2 steel equ•l •ngles 1 1/2° x l/8 1 46'1 92ca 
steel pipe l/4° I 38u 

I 
1 steel p1pe 1" I l!c1 

prrssure pl•te 4 steel equ•l illl)lts I" 1 l/16' u 6&c1 
reinfarce1er.t 2 sttel equ•l •ngles 1" 1 l/16" 11'1 l4C1 

I 1.> g•te frilt 2 steel equ•I iRgles 1' 1 1/8" 36ca 72tl 
1 ro~nd b•r 1/2" I ~OCI 

h•ndle 1 corr. b•r 3/8" I 40 Cl 

I 
2 round b•r, 1/2" t lliCI 20ca 

I 
----



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

Agarrador de 
Compuerta. 

Apertura para 
Uenado de material. 

Conedera de la 

Mecanismo de 

p. 4 
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rood processing equipment 

p. 1 

Introductlnn: 

A pre~~ntdt1on is made of d series or Food proce~siny 
e4uipmL-"nt, currently in applicdtion in the andean rural 
area~. esp~c.Jally in Peru. They hdve be~n ~tudied dnd their 
engineering drawings and production methods rationalizaed , 
tor be>t ter- dissemination among farmers, small manufaturers 
an~ handicraftmen in the country, these are been promoted 
as capctble of providing to the users: Good pertormance, 
Quality and ease of work. 

Ef.\SY TO HANDLE - LOl4' COST - EASY INSTALLATION 

it separa~es the hard grain from the cob 

Advant .. 9es: 
it facili~ates the work 
it does not hurt the hands 

- it does not hurt the grain 

tur fL1rltlt:1· .1.n torm...1,tion: 
Coaper.:.ci6n T~c:nica, del Gobierr10 SuL:o 
Cute!::>u, - 1-terrr.;ndind' 
P.O. B~J;.; :,!.78, Lima ,1(1(1, Pc:ru 
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~ood processing equip~~nt 

~IHNIJHL GRAIN SH~LLER 

l ~chn icdl da t.:1: 
weigt-1t 1. 5 kg 

p. ~ 

- tor us~ 1t is bolted into a woodt!n block 

util1zat1on technique 
ta~e all the leaves out 

- dry the maize 

Reccomend.stions 

-insert the cob into 
the sheller and turn 
the hal"ldle 

-shell it only half way 

-hold th~ cob from the 
shelled end 

-shell the other halt 

for better results use dry maize 
- lubricate the sheller as may be required 

production c~pac~ 
it' can yield more than 100 lbL of ~hell~d m~ize 
per;- hour. 
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Food processing equ1p1ent 

ftkNUhL 6R~IN SHELLER p. 3 

ftttNUhL 6RAIN SHELLER P~RTS LIST 

Part Part nae Qty llateriill 

nu1ber 

blades 4 flat bar l" 1 3/16" 

2 fi1 ring flat plate l" 1 l/16" 

3 rota ting ring steel plate 1/8" 1 :i 1 26 c1 

4 handle flat bar 1" x 3/16" 

:i hollldle 1 steel pipe 3/8" I 

round bar 3/8" I 

6 fi1 ring 2 11ire No. 8 

7 she lier base flat bar 1 1/2" 1 3/16" 

8 bracket 1 flat bar 1 1/2" 1 3/16" 

electric 11elding 6 Cellocord 1/8" I 

red paint 0.01 gallons 

fteasures Co1aents 

:i Cl 

31 Cl 

17 Cl 

11 Cl 

12 Cl 

112 Cl 

2:i Cl 

6 Cl 

C.166 kg 
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t.:qu 1 IJlht...'11 l 

l Hl\l· · .. fil-:1~ ------- p. l 

t1 ~n2ser1tation l.S 111adt? ot .:.t SL'r-l.e=> ol Agr.icu!tural 
t-qu.q:..m;,nt dnd toad pr·ocessing, CLWn:~ntly i.11 cippll.•:atiun in 
the '-'nde ... ·.n r·Lir- ... '\l <-1reils, especially J.n Ft::'r·u. ltlt>Y have been 
stud.lt:.·d c.md their engineering drcH•HflyS and pr·o.:JL1Ction 
111ethods r·a t ion~· l i ::C\ed, for better· l1iss~mindi:..Lon among 
'l'ar11.~rs, :.1nc.;ll manufaturer·s and handicraftmen in the 
cciuntr·y, lht'~ . ..;, are bt>en pro111oted as c.:.p,11Jle of pro .. ·J.ding to 
tt12 u~i:!rs: Good performance, Quality and ease ot work. 

It cc:\11 tr-.r·ash all types of ct-reals arid pulst-

EASY 10 HANDLE - LOW COST - EASY TO INSTALL 

it c~n bu transported by only two µersons 

fell'" 'tL1r t her- 1.n fonn.::. ti on: 
CooµL'rdci6n l~cnica del G~bierno Suizo 
Cot8su - Herr-ctndina 
P.O. Dux 378, Lima 100, Pur~ 
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1- OL:OU proce~s lng ~qL1l. pm~n t 

n 1Rr ::;1-u:1-: ------

w~iyht of the thresh~r without ffiotor 
weight of accesories 
weight at the motor 
total weight of the thresher 

R£'t;ulaci6n 
del Concavo 

68. 5 ky 
5.(1 ~:.g 

16.5 kg 
90.1..1 kg 

... f<=;il .. 

p ... _. 

crop "'~ight after tt1r d&h1ng weigl-\ t at c 1 ec.1n gr~in 

barley 
wl 1t: .. 1 t 
(),'-\ t 
tc.1 r1r1 l. 

k .idnuy-·L1~<..in~ 
4LllnLl..i 

h.iwic:hd 
bt:.: .. 1n'.:. 

__ r_ .. 1_r_ii __ 1 .... · n~~i.l_n_c:~1_r_e .... ·_fl __ ,_s~e~s-· ___ a_· ~t. h~,... w 1 n now 1. QD_ __ ~· q I hr 

367 
31''i' 
3}6 
130 
61:2 
17/ 
lff:S 
14U 

.:.11) 
::..:1u 
:~.l)(J 

1 :~1) 
61..11) 

J :1(1 

1::.(1 
1 ::(> 
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Food proc~~si.n.;i equi.pinent 

fHRESHER p. 3 

Oper-dtion ln~tructions 

the Thresher 
stability 

is placed in a tlat surface, to provide 

the concave side of the thresher is r~gulated in 
accordance with the size of the grains. For quinua, 
ca~ihua, kiwicha, wheat, barley, oat allow~ mm for 
inlet and 10 mm for outlet. For kidney beans, vetch, 
tarwi, beans alow for 18 mm at inlet and 20 mm oulet. 

thl! 111.:1tt.:.>rial to be thrclshed 
t1oppt-r-, ttuo- thrashed material, 
out toghether from the rear end 

is loadt?d through the 
grains and refuses come 
of the machine. 

t'~djust.11ents of Thresher 

cylinder clearance concave 
c:r·op ~~~~~~~~~~i~nc..:.:.l~e~.t=-_..:.m~m=-~~~~~~=0~1_~1t~l~e~t=--~m:.::.:m 
barley 4 10 
wheat 4 10 
oat 4 10 
tarwi 16 20 
kidney bean 18 20 

1(• 
10 

quinua 
~-iwicha 

beans 

Recommendations. 

2 
2 

20 

when threshing kiwicha, quinua and tarw1, only the 
panicles should be threshed, to improve the yield. 

it is recommended to screen classify the thrashed 
m~terial, before winnowing, to facilitate the cleaning 

of CJrains 

it b.:::coines 
the outlet 
gr-0L1nd d1Jst. 

convenient to place a blanket underneath 
to prevent the grains from mixing with the 
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I THRESHER PART5 LIST p.4 
Part P.irt ni11e Uty llateriil lli!asures CoHents 

I 
n:.itber 
DRurt 

1 dru1 face 2 steel plate 11e· -12 I 47 Cl 

2 uin shaft 1 Shilft l" I 52 Cl 

I l plate for dru1 teeth 6 flat bar 1 1/2" 1 3/lb" 32 Cl 192 Cl 
4 fixing bolts 12 bolts 112" I 1 1" 
5 teeth 9o corr.bar 3/8" I 4.8 c1 each 

I b be.ir rn~ 2 oulllatrng l". 
1 bearin~ fi11ng tolts 4 bolts 112" I 1 1 112" st.indard thread 
a teeth SL!pport 6 plate 118" x 10 c1 31.5 Cl 
47 dru1 bushing 2 shaft 2" I 4 c1 each 

I 48 dru1 fizing bolts 1:2• I 1 1/2" t nuts + lodnuts 
CONCAVE 

9 concave end bar 2 round bar 112" I x 41 c1 for regulation 

I lC concave tensioner 9 corr.bar 3/8" I 1 11 c1 l!olCh 
11 concne lining 1 plate 1/8" I 48 Cl I 33 Cl 
12 teeth f11ing bolts 8 bolts 1/2" I 1 1" + safety nuts 
ll cunca~e teeth 64 corr.bar 3/8" 6 1 4.S c1 e~::h 

I 14 base plate for teeth 4 flat bar 1 1/2" 1 3/16 ll Cl 
15 later.ii arc 2 flat bar l" 3/16" 72 c1 each+ reinf. 
lb concave support plate 1/8" I 33 Cl I 10 Cl 

I 17 sieve prn round bar 5/16" I 1 10 c1 
18 sieve or screen 1 plate 1/8" I 14 Cl I 31 Cl 
19 vertical regulator 2 bolts 1/1" I I 20 Cl each 

I 20 horizontal regulator 2 bolts 112• I x 11 c1 each 
41 hinge steel pipe 1/4" I x 10 c1 

PULLEYS 

I 
21 pul!ey·s rays 6 round bar 518" i 1 9.5 c1 earn 
22 pullt:?y 1 square bar l" x 97 c1 trapez. 518" "V"belt 
23 pulley bushing 1 shaft 2"1 x 5 c1 bolt 3/8"i12.25c1 
49 pulley, 1otor 1 square bar 1• 1 27 c1 4" to 4S O.D. 

I 50 body 1 round bar 5/8" I x 24 c1 
51 bushrng shaft 1 1/4" I 1 4.5 c1 ~t:y 3/lb" 
52 bolt bolt l/8° I I 1° 

I 
STRUCTURE 

24 frue 2 equal angles 1• x 1/8" 43 Cl fiCh 
25 bearing support 2 equal angles 1 1/2" 1 3/16" 61 c1 uch 
26 box fra.e 2 equal angles 1• 1 1/8° 72 c1 each 

I 27 thresher cover 2 plate 1/32° l 51 Cl I 73 Cl 

28 upper lining plate 1/l2" I 42 Cl I 58 Cl 
29 vertical support 4 equil •ngles 1 1/2" 1 3/16° 120 ca each 

I l7 reinforceunt 2 steel pipe 1° t 1 l4 c1 each 
38 feeding hopper support 1 equal angles 1• 1/8° 33 Cl 
39 upper horiz. support 2 equal •ngles 1 112• 1 3/16" 41 Cl fiCh 

I 
40 ~ert. support bas~ 4 ~arr.bar J/8° 1 17 c1 each 
42 cover fraae round bar J/8° t 312 Cl 
43 ceiver plite plate 1/32" I 49 Cl I 39 Cl 

44 inlet t,opper plate 1/32" I 70 'I I 70 Cl 

I 45 hopper reinforce1l!nt •ire 1/4" I 280 Cl 
46 c 1 oth cover 

ftOTDR SUPPORT 

I 
30 short support 2 equ•I angles 1• 1 l/16" 6 ca e.ich 
3! long support 2 eq"al •ngles 1• 1 3/16" 48.5 ca each 
32 regul•ting plate 4 flat bar 1 1/2" 1 l/16° 8 c• each 
33 1otor bolh 4 bolts 5/16" 8 x 1 !/2" standard thre.id 

I 34 be It tensioner 1 bolts 1/2" t x 3 112• slindard thread 
35 upprr lining 1 platr 1/32° I 41 Cl I 30 Cl 

36 regul.ttor pin 1 round bar 5/16" I 1 15 c1 

I 53 11elding rod; ' 90 Blue Point 
54 electric •e!drng rods' 180 S·1perc l to 

I 
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p. 1 

lhis is an ~nimal drawn plough espeC1dlly developed 
for thd soil and conditions, common in the andean ffiountains 
in t-"er-u, whith heavy gradients <:lnd slopes, where tt1e soil 
is usually hard and tough to work. 

This plough that is parti~ularly suitable, tor work in 
those terrains and soil conditions, is capable of 
performing several different agricultural operations: 
tallowing and plowing; harrowing and tilling and tuber 
harvesting; furrowing and ridging, 

Advdntages of the anjean plough. 

It can prepare the soils in one or two pas~es; lliixes 
ttie v~getabl.;.- r~::i.idues with the earth; ea!:iy to regulatt? to 
ditt~rt>11t r~lou.;Jhing depths; it wor•:.s in terrains with up to 
4~ % gradients; it is versdtile as it Cdn br ust'd for 
several d1fterent operation5>; very ruggrd it can easily 
render a useful life of 10 yeais or more; it c~n be 
repaired by almost dny s~miskilled or non skilled drtisan 

Technical data. 

W£' ight of the asse:mble equipped with share: 
for plougtu.ng 9.6 kg 
for furrowing/r1dging 11.6 •~g 

tor tuber t1.srves ting 1:2. 4 i...g 
tor harrowing/tilling 13.1 •.CJ 

- length ot the plough measured from heel to to~ ot the 
111uLddhoard "" 46 cm. 

- heigth at the plough assemble mea~ured 
to top o1 plough handle minimum 57 c~ 

: m<n:imum 74 cm 

Perfor111.:.r .ct> nt the ,;nd~c.n p lou9h 

Implement furrow depth speed tract ion 
width C111 m/st.~r: t"ftort- llf. 

plough 25-3(1 l(>-15 (l.65 85 
furrow 1\5-55 10-::0 0. 01) 3~\ 

ridger 4~-55 18-21_1 0. 7(1 4~· 

hc•I' row 4u-"::>0 8-10 1). 71) ~I) 

t1~ r-ve~ t ~0 15-:21) (I. 7(1 81_1 

hours 
tier: tc.re 

18. (I 
5.5 
::. • 5 
I. (I 

~-~ 
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p. 

·1 t"1e ~-I:.. d t tl 
c.ppl1cc.blE 

.and depth p~·t-sent twu v,:,.lues, tht- t.lr'=>l l.S 

to hard 501.lS (ar~il!aceo~~) end th~ ~econd 
to S(;fl SOl.lS. 

o.ltt'r t-o.ct1 Journey, the plough must be cleC:tllt'd 
put grease on all movin~ parts of the plough 
t.he n;anufacturer should garantee tt-11? repa1.r or· ch.ange 
of all parts failed, attribut~ble to tabr1.c.ation. 
parts thcit fail due to normal wedr or due to m1.suse 
are not subJect to garantee. 

glossary of terms used in drawings 

~.pan l sh 
mdncera regulable 
fiJ.ador de altura 
be.so= mancera 
gu1.a del timon 
regulador de altura 

del cultivador 
ta l c.•n 
soporte de aletas grandes 
tel era 
regulador de profundidc.d 
abra~adera del t.imon 
~oporte para fl.Jar aleto.s 
por-t<lreJas 
t1.111on para el c.~rado 

tor· turtl1t?r .intor111.at1on: 

english 
regulating handle 
handle heigth regulator 
handle b.ase 
steering g1-1ide 
tiller heigth regulator 

heel 
big plough shares support 
tie piece 
wor~ depth regulator 
st~ering bar brC:tc~~t 

plough ~hares support 
p!ough share holder 
plough steering bar 

Cooperac1on Tecnica del Gobierno Sui~o 
Cotesu - Herrand1na 
P.O. Box 378, Lim~ 100, Per~ 
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ANDEAN t-=·LUUGH 

PLOUGH AND FALLOW 

requires 3 journeys per hectare 

\' 
\ '~, 
r,·\i) [~· I\ . " 
·~J~ ,~ 1 I "\. 
~-~~-· 

. )_~ w-· 

~\ 
"' _ .... , 

p. 3 

It works at a good depth and only requires two passes 
to leave the hectare of terr~in well prepared 

FURROW AND RIDGE 

requires 1 journey per hectare 

for fu.~rowing and ridgirHJ th~ b1g plouCJh £>t1ares C:\rL: 
L.1sed, you can ma~:.e furrow~: wide, clean dnd str<.ugllt 
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l-tf'l0Et--1N PLOUGH p. 4 

TUBER HARVES;ING 

requires 1 journey per hecti1re 

I' 

~-
~\ 

it can harvest all tuber easily and with low effort 

Ht'.\f\OW I NG AND TI LL I NG 

requires 1 Journey ~er h~ctare 

. _J -·----CJlL' ,,--~,~t~H:-~~-1-¥ ~1-13 

·' ' 

.1 t 1 oa1D1in& the soi 1 ~ el 1mina tto.·!!.i L·ndi:.•r·cJr~wltl .. 111d 
it Ci1n .Jlso bt;-,u~t-1c.J to c:ov•·r lh~ st.-.:11> 
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p. 5 

l ECHN HlUE FOR lnORKI NG L•JI"I H THE ANDEAN PL OLIGH 

F" l UUfj h trll]. 

the depth of plowing must be selected in dCCordc:.nce 
with: 
- the type of soil 

the crop to be sown 
- the strength of the dnimals 

the depth of the plough is regulated at the tie pie~e, 
the wider the opening angle formed ~t the base of the 
plough and the steering bar, the greater it will be 
t~e depth of ploughing, 
therefore, the smaller the op~ning angle th~ l~~ser it 
will be the d~pth. 
it is recommended to start, using the second po~ition 
ot the tie piece, counting from the top 
~ secondary graduation can be obtained at the plough 
share, increasing or reducing the free/exposed area of 
lhto" share, it can also be regulated the length of the 
idle w~lk at the oxen yoke end. 
to begin the work two passes should be run, the first 
in one line, loosening the ridges o1 previous crops 
~nd the second right across to allow removing the 
earth in between the ridges. 

1 he ground soi 1 ~hould have the adequate l1uinidi ty. 

the width of the plough shares should bto" graduat~d. 
the width and depth of the furrow should be r~gulated. 
to t...eg1n with, the furrows should L>e m.ade in just one 
P"'~~ frou; end to t-nd, if the terrain is in itn slope, 
thu contour lines should be follow~d. 
The suwing work should be done at ox-tail. 

G. .! i.!.ill!.!!l. : 

h.ldfJlnfJ st\01.dd be done, wl1c:nevt!r ~OW.Hl':J .is d1..11~ .in a 
furrow, like pot~to, m~ize, L>~~n ~n~ oll1~r. 

- it ls rt;c 01111nt0>ndt.>d to LISL! ,., yol l~ 1 • B•.1 111 1 on<J, to d l low 
di:.plci!Ct:ITllcnt. of tl1.:! ox0n t11r·lJu<]I\ l.11.: :;,.lU~ fL1rru1rJS. 

- it c\ yc.dt 1.::1) 111 lorHJ i~ u~t:.·.J, tt1l: st~1::ring t ... r wJ.11 
~·i·.irk c.t;,l iqL1t-: .:.srdl L•ricnntor·t ... hle. 
pLl~>h t1·1e t.:drlh tu tile b...i!.l! ut tht> plo11ts, forming good 
ri..j1J1.1~. 
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rigr-tLultur .. d MdchJn~ry and 1111pl~111~nt~ 

Al'IDl:' .:1N 1-·L .IJUGH p. b 

hi1.rrow - t l l 1 er-: 

the graduation is made taking into account the width 
between the ridges. 
the weed that competes ~-l. th the er-ops art: ~l i111inated 
by LUtting or pulling. 
this work is done before ridging to leave the ~rea 
between th~ furrows loose and clean. 
it eli~inates 75 to BO % of the weed. 
the harrow allows moving the arable layer of earth, 
after an irrig~tion by flooding, when the soil found 
is crusted. 
it improves the physical properties of the soil. 

so~nng 

the harrow is useful to cover the seeds that are sown 
throwing the seeds to the air, like wheat, burley, 
oats and others. 
for the:e 1 abours two passes mLlS t be 1-un, one 
longitudinal and one ~cross. 

PE!rformance 

il covers 90 percent of the seeds in twc passes. 
5.5 hours per hectar~ are required. 

wtien the furrows an: not too wide .:lnd tht! soil is 
easy, the plough is driven with it~ harvest~r by the 
cunter of the ridg~. 
if the furrows are 
ridg~~ ~re divided 
pass on one side 
the other =ide. 

wide dnd the soil ditficult, the 
ir1 two hd l vE.:s., m..l~.1ng tht? t irst 

of the ridge dnd retL1rning through 

- one furrow should be worked first, to 
dft~rwdrdfi, before 5tarting ~nether furrow. 

two 
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p. 7 

recominendati.ons 

th~ soil during hdrv.:st ~hould h.otv~ th~ "'d~quate 

humJ.dity. 
before st~rting the harvest, all the tolli.age should 
be cut. 

per formanct? 

the percentage of tub~r h.;u-vesl.ed durJ.ng tt1e first 
pass is 75 to 85 percent 
the percentage of tuber harvested after a second pass 
reaches 90 to 95 percent 
the percentage of broken tuber is minimu1n ( ~ percent). 
only women anJ chJ.ldren are required to collect the 
tut.er. 

tor further information: 
CooperaciOn T~cnica del Gobierno Suizo 
Cotesu - Herrandina 
P.O. Box 378, Lima 100, PerQ 
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,:.;,Jt ~it Pl i!L~~ 

Part Part n•At? 
nu1t.rr 
l!ANOL£ (ll~~ERril 

I tw1d:e 
2 sp .. r.ner 
3 ley 
4 plll 

ll!';IN 6UAAD t6UAA~A PRliCIPALI 
5 gu.lrd 
b reinforce1ent 
7 httl 

Food processing equip1tnt 

p,;ins LIST 
Qty llaterul 

steel pipe l" • 1 500 11 

steel pipe J/4" t 1 JO 11 

round bir 3/8" 4 x 70 11 

aire No. 12 1 150 11 

corr. bar 5/8" I 1 7Su 11 

corr. bar 5/8' I 1 530 11 

flat bar 1" 1 J/lb" 1 220 11 

rLOU6n SUPPUliT tSOPORTE DE REJAI 
8 plough support car~. bar 518' Ix 990 11 

flat bar l" x J/16' 1 Su 11 9 plough regulator 
TIE PIECE tTELERA) 

p.6 
lliasures Ca11~nts 

f~r~e ring spatner 

10 handle support 
11 hanii!e 

corr.bar 1/2" • 1 480 11(for lA l 18 corr.barl/2"xl5) 
corr.bar 518" I 1 220 11 

1~ handie corr.bar 518" I 1 205 11 

13 bushing 2 steel pipe 3/8" I 1 25 11 

14 handle pin corr.bar 1/2" I 1 150 11 

15 io~l pip •ire Na. 12 1 150 11 

16 plough s11.re pin round btlr 5116" I 1 230 11 

hiJIOLE REGULATOR !RE6ULACION DE TlllON) 
17 ring corr.bar 3/8" I 1 230 11 

18 lo•er slip corr .bar 3/8" I 1 180 11 

19 upper slip flat bar l' 1 3/16" 1 120 11 

19ri reintorre1ent flat bar J/4' 1 3/16" 1 10011 
20 Joint corr.bar 518' I 1 35 11 

21 f1xing pin round bar J/8' I 1 70 11 

22 locker pin •ire No. 12 1 150 11 

Pl0U6H !REJAI 
23 plough spring leaf 318" 1 J" 
2Ja bolt NC 1/2" • I 2· 

REIMFORCEllENT/RE6ULATOR (REFUERZO/R£6ULADOR) 
24 su~~ort reinforce1ent ccorr.bar 112" I 1 170 11 

25 plough share regulator flat bir 3/4' 1 3/16" 1 90 11 (ilternative:plite 1/8"1 
26 pin •ire 1/4" • 1 80 11 

27 Chiln 
PLOU6H SHARE !ALETA PARA ARARI 

28 plough share 
29 busl\lng 
30 plough share reinforc. 2 
31 spicer 2 

•ire Jkl. 12 I 150 II 

steel ?late 11e• 1 100 11 1 •~O 11 

steel pipe 318" I 1 100 11 

corr.bar 318" I 180 11 

corr.bar 3/C' I 1 80 11 
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Aqncultur.il ft.u:h11111ry ind 11pleai.>nts 

p. 9 

SrlARES FOR FUR~OWlNS (HI.ETAS Pi.RH SUflCAlil 
32 shue 2 steel pl•te 118" 
l3 regulating plite flit bar l/4" x l/lb" x 170 11 

34 bushings l steel pipe l/8" I x 25 u 
l5 join pll!ce •ire 114 • I 1 45 11 

HARVESTER (COSECHADOKAI 
lb shovel 5teel platt 1/8" 
37 tuber selector 2 corr.bar l/8" I 1 4:'.IO 11 

4 corr.bar l/8° I 1 400 11 

l8 reinforc~•ent 2 corr.bir l/8° I 1 115 11 

2 corr.b•r l/8° I 1 100 11 

39 shovel rP.1nforce1i.>nt corr.bar l/8" I 1 190 11 

REGULATOR SETTER tPF.ltlE RE6ULADORI 
1 bracket 
2 regulator s~tter 
l guuie 
4 p1n 
5 locl p1n 

SCALE BAR IBALANCINI 
1 scile bar 
2 scale bar reintorc. 
l hool 

2 
flat bar 1• 1 l/lb" 1 2b0 11 

corr.bar 1/2" I x 1~5 11 

round bir l/8° I 1 10 11 

round bar l/8" I x 120 11 

•ire No. 12 1 150 11 

corr.bar l/8" I• 720 11 

corr.bir 1/2" Ix 480 11 

ro~nd bar l/8" e x 190 11 
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1!1tP.. pPrt~ 
,, uesgeetn 

El timon ticn~ W1 largo de ) n ).? metros 
con um di~metro de 7 a 10 cm en la base 

I La loneitud dcl timon depende dcl porte de los an1males 

d . . . . . . . 
··-··-------.:..:...-· 

--· II 

En ln parte donde el timon va 
!ijado por la abrazadera a la 
telera se hace un oorte en bJ~t 
como ne mueetra en la tigura 

LA : hnee del t.imon se rasp~, 
en , eu ,perte extern a para ,, 
'Ill~ p,n,trG en la, p:u.1P dAl 
l.11' ~,., ' 
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~4---1- -
1----· -------- ·-· -··-. ··-

___ :4 __ Pq_~_q~_or __ ... _____ olamRc~neqr» NOJ2xl50mm 

I~- f:_lj~ __ <t9.! ____ .... ·-· . __ va~!~~_Jjs~---- ¢_~/s'~70mm. 
--~- hJqy_e _________________ .. t~~9--~-~gr9 __ ~o/:4 11 x 30mm __ forjor ~_q_v_e_ ··-

,..___t _.:.M~o~n~c~e~r~o~--~~~+;.;tu~b-o~n~e~ro~~0;:::__1'_'~~~5~~o~mm~~~~~------~ 
DENOMINACION ATERIAL MEDI DA OBSERVACIQ\J 

I -~-El- ~~fcf-~~-Eb~of:~m-- · ~~6€:1t~0~_K,~r-i~us _v,. ·------·-·· ---· ··· 

IHERRANDINA ARADO ANDINO MANCERA 
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Todos los ogujeros .0'~5/64" 

215 ...-------··--- ----·· - -----· ----··· 
.. -··--·-· ·---- -· .. - -· - . -

-----·------Q!9fir1~ 3/t6"xh 220 
Refuerzo 

Guordo 

DENOMIN.0.CION 

vorilla corru a. t.S 5/ 8" ~~_Q_ 
voriUo corru o. .0 51811 x 7 50 

MEDI DA OBSERVACION 

1---1==->~~_._.- __.....__~~-ADQ_!._j(orntlis~~--·-
...,__.. ________ ~..,_....,,,......., ............ ......,_....w.w. ...... ..-. ...... ..._e~-~'~-~9~1 -----------------

0 GUAR 
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Fi"odor de oletos 
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~ 5/i "~~30 -----
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Pasod_~------------- _!'lombre n_!gro 1"° J2 x -~~.9 .. _ __ _ . _ _ __ _____ _ ___________ _ 
fJj~~-~~~ __!!fl!~n_ ···--- _vorillo corruo:. ~1/2~ ~ 15 0 _ _ . ______ . __________ _ 

~~j~----------·- __ ____ _______ ~~.Q_ne.Qf_Q_ __ fls._~/e~ ~ _25 ~ pie~as . ____ . ___ _ 

:fe~.!:~- ··-- ________ ~~rill~_ cDrrug. -~ 5 /e'_'?C_? 95 __ --·· ____________ _ 
Tttlera vorillo corru ·. ~ 5/a"~-~_?q_ 
So orte de tim&n 

DENOMINACION MATERIAL MEDIOA 08SERVACION 

HERRANOINA , ,RADO ANDINO SOPORTE DE TIMON /rELERt 
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21 

····- -- -··----- - - . -------.- ----...----------- . -~------------- --
Posodor . - - ·-. - - olanibr~ _negr9 _ .N~l2 ~. 150 -

~I• f ij_o ~or . f ierro_ li~_p _____ .fJ -~~-~ 70 ___ _ _ __ 
f - . -------- - ----- - -- - --

_ Uf}_iQD. ____ _ _ vorrjlla _gQ[f! ___ _¢ ~(£}'"!- 35 .. ____ .. 

B!'Juer~o. _____ .. plotino _____ .. ;~!f~.,3 4 x IOO . __ . . 

~-- __ C<>rr.~~er(J_ ~uperior __ -·· plotina ___ _ _,_J6x f x 120 _. _ .... 

18 --~-~rr@~.~ro inferior fierro ~or.r. __ ~ 3k"x 180 .. .. . . . _________ . 
. 17 Ar 0110 fierro corr. -v~~- 2~0 

OENOMINAC~ MATERIAL MEDrOA OBSERVACION 
E_SCALA __ I __ . 2·_5___ _ DIBUJAOO : Kornelis V. Alfredo S. 

FE CHA: s.-1.:91 correc:~2-4..:gj .... 

HERRANDIN'A : ARADO A~~DINO REGULACION DEL TIMON 
I I I I I 
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ei c ort e de I mueiie, Esc. I : 5 

185 

70 

'/211 

350 ___ __j 
• Es la medido referencial, en algunas 2onos 

puede ser mayor o menC>r. 

,.,.---,· -... ·------ .. -----
Perno con~rco _ry~_Y2~ _2° .:--· • 

23 I Reio 111ue!le ~/13 11 x 311 
1 1 

• DENOMINACION. M.;.ERIAL MEDI DA I 0£lS,.RVAGLON 
ff!\\ ~ . .....c:::L (t$CALA: t :~ · 5 P.l~U~_ADO: Kornclis V. Al fr ado S. 
~ -L....:_I UNID.dc MEDlDA: mrn. FECHA'. 8-1- 91 

~l r-~ C) 11 f\I r.t ti.I Ii llRb.nn L\f\1n1r\.1fl ........... 



Guarda ·--------·---

Guardo 
~ 

Talon 

c==i/ ,.·25 

~ 
. l/4 '· 25 ogujero 0 

of-~- R 5 

35 -1-- .. t 
ro;o-~J 

21 I!!~ 
\26 

Tefera -------. --
de r ·a 

--=----C_od_en._a_____ alambre ne ro N° 12 longitud 150 _m '!'· a pr ox. 

Pasodor fierro liso ~ 1/ 4" x 80 
~-d-or-de_a_l_e_f_as--. lafina 3~ .. x. 3/4"1C 90 ede usorse _ pfoncho ~e Ya• I 

--·....;.R..-e_.f u'--e_r_z_o _d_e_1_o_po-r-re--+._vo_r_i 1-10-co_r_r_u_g.-.-¢~'-:/:-2-11 .x 170-· .. . . 

NOMBRE MATERIAL 

ERR ANDINA ', ARADO ANDINO REFUERZO REGULADOR. 
I I I I I 

' 'I 
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SECCION A-A 
100 -r410 

fi.-----..c====:q-·- -- --·-___ - . 

---~-----------t 
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·---~---~.-_,,.--__... 

I 

I 

~ __ 1_0_0 __ ---i~ 

t---~----~-.1-t l0J<4 5. 

31 50 

--------

x Medido mdicodoro, no exac­
to. El control de lo Oleta 

es por la operturo de 

50mm. 

31 ~!P~iodor ____________ ~~ri~~ corr~L_ ~~!a'.''-' so· . __ 2.P.~~~os 
30 Ref!Jer.~~. d~ _«;>J~!9 ________ ~9rill_o corrug_. _¢~Le'.'. x 180 __ ?_pi~~os. . . ______ _ 

___ 29 __ Buj_~ ___ _:_ ________ ... _!~o _ negr~- ~~i-~" x 100 _ --·----- ···---------
28 Aleta ploncho ne ro l/e" x 100 x 400 

DENOMINACION MATERIAL MEDIDA OBSERVACION 

·-E3-
ARADO ANDINO ' 

,ALETA PARA ARAR. HF.RRANDINA 
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195 

asde est 
fineo se I ~I • 
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__ §~- __ J 

[= __ '~_o_ -~~o-~~~ ____ _.., 

po r o s u r c o r , s e n e c es if on dos 

~-i 
Qi 
co 

_1_ 

o I e r o s , u n o es Io in v e rs o 

de IQ orr o, en el pion o se ho dibujodo uno olera, con lo 

line,o ' pun ft ,q do se i n d, i c o I a o t , r a . , , 
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seccion A A en escolo I: I 
3, .. 

d. :;,6.. :ljs .. , •. r· 
ogujeros ,,., I 

~-----T--~--~~__....._ 
-G-0-G~ 

I . 

li~-3~2Q-~7U 
pla?ino regutor antes de doblor 

~~ujes _____ .u. ___ tub~Lne~--- _ ' 3"b . -, ·- _ UjeS -·-··- . - ·-· ··--···--· 

........... =--_.Qf irHLCC.QU.J 0 cl.or___ pla tina --

' 

SURCAR 



38 

SECCION A-A 

280 

.115 .,--
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190 

n 

__ _t 

TETON 

ESCALA: 1:1 

300 
--- - ----------- __ _____, 

0 
0 
N 

~r 
/ _BOJ 

Pola sin doblor. / 
--..-------- ---------·-···-------· ··-··· - ------- --·------------·-

__ Refuerzo de polo 

Refuerzo --
Selector de fuberculos. 

Pola 

DENO Ml NACION 

ya_!.!_ll_q_corru . (1 !/8
11

_! I~()____ . _____ _______ ___ _ _ ____ ---··---·- __ 

~9ri!t~ _co_rr_yg~ .11. 3/s_" ~ 115 c~ pzs.1_h3k" ~ !9QJ.? p~~-L. __ _ 
~~~iUa _corru . ~ 3 a" •-~~-~J? pz~~/_¢:~_" ~ ~.Q<? _(_±p_~~ 

loncho ne ro. 1/e" 
MATERIAL MEDI DA 

-@---·El- ESC~~l'~ _,!'.5 _____ _...P.LEHJJ.ADQ: KorntJi~ _y. / Alfr•do S .. 
NID.deMEOIDA·. m FECHA: 8-1-91 

ERRANDINA ARADO ANDINO COSECHADORA 
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4 Clovi"a______ fierro l:so ~3k11 _!J_?Q ____ _ 

I 3_ §uio ______________ -~ierr~_ liso ___ 9 3/a·~~ !Q _ . 
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OBSERVACION 

I HERRANDINA PEINE REGULADOR 
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