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INTRODUCTJON

The winged bean (PsQl:,hocarpus Letragonoloblls) is a minor and
edible tropical let:!ulIle with a high dietary protein content of
(29-37?~) (1). 1 t is par-t.Lcu l e rLv sui table for cul tivation in
the humid trcpicE-;. 1\11 partE; of the winged bean plant. I . e.
seeds, t.ube r-e , I eeve e and f I ower e are edible. The seeds.
which are of par'ticular interest to this manual. are found to
be verv similar nut.ritionallv Lo soybeans and have a pleasant
ewe et flavour. The unripe seeds are sometimes eaten as a
vegetable e ltn l l a r to peas. whe n they are used as ingredient
for' E:OllI'S and curl' 1er-;. The rna Lure d r:ied sr~eds, which consist
of approximately 12% skin and 88% edible material are reported
t.o cook with d i.f f i.cu I tv and fire also rat.her indigestible,
They are often utilized as r.o u r-ce of protein foodstuffs.
edible oil and soap and have the potential to substitute
eo vbe an if commer-ci a I pr-o duc t.Lori could be developed (2). It
has been n:~'(Jrt.l::!d t.h a t the w inue d bean flour is sui table for
milk eube t i t.ot l on in the t.re a tmon t. of children suffering from
kwashiorkor (.3). The winged br-,.,n was introduced into Ghana in
1976 bv Agricultural Research Station (University of Ghana)
and CI'OP Research Institute (CRI) of the Council for
Scientific ~Ind Industrial ReE;pr.lr'C:h(CSIR). The Food Research
Institute ( FfcL) also of the Cf:~lH has succesafullv d eve Lor-ed a
nunibe r- of f oocl fo trnu Let Lonvbe rae d on the winged bean. It has
a Iso been Lnc orc-or-et,(.."dinto other Ghanaian diets and results
of trials conducted ahowe d I:;h;1 t it has a great corieumr-t.Lon
potential in Ghana (1).

Howe ve r. ~eel in/:( of t.he bean rH:I:':: been identified as the major
problem fa o i na .i tf:5 'processing on a Larae r- scale. The practice
of soaking the seed~: ov er-ni ah I: and ernp Lovi ng labour to peel
manuall y. gi vee be tVJ08n 1 and :,~kgof peele<l seeds per pe reo n
pet' day. This l.ow ra t e of peeling the seeda has thwarted the
FRr 's e f f or t.a in prc-mo t.Lrrg t.h« use of processed winged bean
products nation •..zide . In an E'flort to solve this pr-ob l em, a
Le chri l crue developed bv Ce nt re 1 Food Technological Research
In:.::titute(CFTRll o f India wh i oh employs a scientific
c onrlI t.Lo ni.nrz method 1;0 loosen the husk and removing the same
.i n improved dehu3Jdlig rna ch i.n= was identi:fied. 'I'be United
Nations Uni v e r-ei tv (I lNU) sponr,:oa'ed the ecqi tisi tion by FRI of
l.h e \.Jinged Bean [lr:,blliling PlallL (WBDPl designed by CFi'RI and
£ abrica t.ed bv lviesr";r',{S. A. K. I Jltlustr Lo s of l nd i.a in 1983.

The plant. W.=J.S received at FHl with o'nly
Lav ou L without 1311 installa t. j o nz'o pe r a t.Lon
efforts to gf.:·t the monue I failed.

a proposed plant
manual and all
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In -June . l~H3ll 1:1 f ouro-rnemb e r- t.,~,sk force macle up of engineers
from FRJ. and Lndue t.r-i.aI Reeea rch Lne t I tute (IRI) was
Lnouaura t.ed hv Lhl:! J.l i rector of FRI and t.a ak sd to iden t.ifv the



various units of the plant and ~IIBo find oub the possibility
of Lnst.a.l Ld ruz !:.he plant in an urroomol e bed structure a b the
Pi lot PLant. prend.G8S earmarked for the construction of a
milling shed. Tbe membership of the task force included Dr.
H.F. Damptev (IRI). F. Djokoto rIRI). P. AdJei-Boateng (FRI)
and D. 131ay (FRl). the author. The t aak force in its report to
the Director of FRI. recommended inter alia. the use of the
part of the uric orrrcLet.ed e Lr-uo t ur-e dimensioned 9metre x 15metre
for. the lnstallation of the plant and the construction of a
13rnetre-high building to acco~tn()date the plant whose maximum
height was to be reduc.ed to 5. 4metres .(5) •.

This report is in two sections: Section One covers the
acti vi ties invol verJ in the ilwtallation of the plant and
Section Two is in t.he form of a technical manual which is
vital for the uperat.ion of the plant.

" .~.'
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INSTA[,LATION OJ' THE WINGED BEl\N DlmULLING PLANT

1.0 MATERIALS AND METHODS

The installation of the plant involved the following :
- mocll f Lc a ti on and recondl tl.on Lng of the plant
- t.he c onve r-eion of the 1. 2me br-e+h l gh uncompleted

structur~ into a 6.0metre-lligh building tb house the
plant

- installation and testing of the plant

Drawings relevant. t.o the installation work were designed by
t.he author and are presented in AppendIces I to V. The
lnst.allat.ion work was carried out. by a local engineering f Lrm,
Amit.aab Ltd .. under t.he eur-e r-vis ion of the author.

t.t MODIFICATIONS AND RECONDITIONING
MODIFICATIONS
l-Iodificat.ions of the plant be came necessary because the 0.5
t.on pE~r hour capec i t.v pLan t. WRS :'limply too big f or- the winged
bean Rupply component. of the pro. iBe t t.o cope wi bh . In order
t.o avoid urrde r-ut.Ll.Lz a Ldon of the plant and also to reduce. the
cost of installatioll. it wasfoulld necessat'y to redttce
capacity of the storage 'facilit.ies of the plant. The
fol1cMing units of the plant were therefore affected:

1.) Tem'p'~~J,lJR-_BJJl-- The height of each of the t.wo tempering bins
was reduced from ,1, f..1 metres to ~~.-1 metres, Two:cv Ldndr-Lca I
sections were removed tram the columns of each t~mpering bin;
resul Lin~ .ln a t.emper Lng bin oon s ie t.Lng of an inverted cone
FInd one c vLi.ud rLo aI eeo bLon as fdwwn in Figure 1 of Appendixr.

1I ) Tem];~~:J.~i})g_Bj.!1._f::~uPP9r..t- The he i gIJ t. of one half of the sUpport
which car-r-Lee the second tempering bin was increased from 2
metres to 2.55 metres. This was done by welding onto that
part of the support a O. [,f, metre high, 1.46m x 1.5m structure
construct.ed from 50rnrTt x 100m channel et ee l as presented in
Figure -'2' of ApPl?ndlx I. The :i.ncrease in height made the
uut Let. chu I:.e of the second t.emr-erLnrz bin higher than the
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hopper of the de hu Ll.er. thus ma ki.ng it possible for normal
delivery of materials from the former to the latter.

iii ) DQ.1.l.b..l.!;LJ~J.e.Y_at_Ql: - The height 0 f the double elevator. i.e.
t.he elistance be t.ween the eleva t.')rcentres was reduced from
7.B metres to 5.4 met.res. This w~s done by assembling the
double elevat.or with only twci of the 2.4 metre-high trunks
for each of t.he t.r-un k ing e instc!;\dof three.

HECONDITIONINU

The plant which arr-Lved in the coun t.rv in 1883 had been lying
idle at the pilot plant premlses for over five years. Most
parts of the plant had gone rue tv , some lubricating pots had
dried up and some parts had suffered rhysical defects during
transportation and handling. Such condition of the plant
called for its reconditioning arid servicing of appropriate
parts.

Rusted parts of t.he plant. were cIeene d and coated
with antirust reel oxide paint before giving the outer paint.
All lubricating pots and lines were cleaned and filled with
appropriate lubricants. Physical defects were corrected and
the entire plant WHS painted in nppropriate colours. All the
fourteen electrjc nlotors on the various units of the plant
were checked and given t.horough servicing .

!
i
"
I',

.t.2 BUILDING l'On WBDP

In consultatiolls with the Institute's draughtsman, Mr.
R. Addo. the drawing for t.he proposed milling shed
shown in figure 1. Appendix II. was modified to suit the
changes made in paragraph 1.1 arid presented in figure 2 of
the same Append Ix . The maximum height of the .8m x 15m
(30ft x 50ft) part of the original structure was
increased from 4.2 metres to 6.0 metres. The shape of
the roof was chan~ed from that of a slope roofing to a
gable roofing. The left dOOrWAY was widened to 3.2
metres wide. 2.5 metres high whilst the five other doors were
made 0.8 metres wlde anel 2 metr·~s high.

i
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L 3 INSTALLATION WOHK

The installatioTl work was carried out in conformity with the
drawings provided in Appendices I to V.

1.3.1 PLANT LAYOUT

The plant. Lavou t (figure 1, Appendix I I I) was used in the
determina t.ion of the posi t.ions of the various units of the
plant. The design of t.heplant J.Byout took into consideration
the following, among others:

- the winged bean dehullillg process
- the convenience in operating t.he plant
- the functions of each unit of the plant
- the nat.ure and form of t.he feed and product of each unit
- accessor Le e to var i.oue units of plant.
- space for operating. m~lntenance and servicing of the

various units of the plant.

1.3.2 CIVIL WORKS

Concret.e platforms of different shapes and sizes were
constructed for t.he various uni t.e of the pl.an t . Channel-
shaped concrele bases with appropriate foundation bolts
embeddecl.in t.hem at positions corresponding to bol t.holes were
const rue led £01' t.hegrader-aspi r:::l.tor,spl ite: separating sieve
unci t.he husk e ep i ra t.o r (figure 1. Appendix IV). Simple square
and rectangular' shaped plat.forms, 0.15 metre .high were
const.uct.ed for t.he eLev a t.ore . oil mixing mac h Lne i splitter.
and cond it.ion I ng un i t.s and 0.:3 me t.r e high ones for the
tempering bin support. and the dehulling machine. Ducts,
0.15 me tre wide and O. 15metre deep, were dug from the main
switchboard to the positions of the grader-aspirator.
splitter. splits separating sieve. the two control panels of
the conditioning units. the dehuller and the husk aspirator
for e Lec t.r-LcaI cables c onrie ot.J ng these units to the main
switchboard (figure 2. Appendix IV). .

1. 3.3 l"lECHANI CAL WOHKS

The oil mixing machine and t.he conditioning units were raised
t.ospecific height.s on met.allic support.s,to ensure smooth and
continuous transfer of material::.;from one unit to the next.
Figures 1 t.o4 of Appendix V show t.hedrawings of the metallic
supports const.ructed for the above meTltioned units of the
plant. Materials used for the construction include steel
angle, steel l/-chanlleland flat steel bar.

- I""
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The various units of t.he plant were firmly bolted onto their
respective ba ae a . 1I0PT'ers. outlet chutes. inter-linking
chutes and other accessories wer'e all fixed in their
respective p la c e s , Figure 2. Ar-r-e nd i.x I I I shows the process
flow sheet with r ne t e l l ed heights of all the units of the
plant.

1. :3.4 ELECTRI CAL WORIC~3

Electric power to the t,lant W"'lS supplied from the main
10:\"1. tchboard. Various lengt.hs of 4x1. f":'l!1m2 PVC/SWA/PVC
( ar-mour-e.d ) cable were connected frorn t.he motor starters on the
main ew i t.c hbc.a rd to the t.e rmineI 3 of the motors on the
elevatocs. grader-a8pirator. oil mixing machine. splits
separating sieve and the husk aspirator. Two lengths of
4x2.5mm2 PVC/SWI\/PVC c e.bLe wer'e simi La rI y connected to feed
the e pLi t.ter anel the dehuller. Two lengths of 4x35mm2

PVC/SWA/PVC C[1 bl e 'wer'e connecter.! from the two lOO-amp. three
phase and neutral (TPtn main switch (on the main switchboard)
to the two control pane Le of the (~:ondit. ioning uni ts. Finally.
a 4x70mm2 PVC/:~~W1\/P\lG cable f r om the terminals of the 200-amp.
TPN main swit.ch on the main swiLchboard was connected to the
main powe r- supply stC'.ltion of the pilot plant complex. It must
be noted. that some r-ru~t,s of these cables servicing the
grader-aspirator. splitter. splits separating siev~4 the
control panelf:' (.•f thF.' conditioning un it.a , the dehuller and the
husk aspirator wer'p huried as nl'.'ntioned·in paragraph 1.3.2.
Cables servicing th~ oil mixirlg machine and all the elevators
were 1aiel in ;) ~10(1rnlTl-widewoodr=n duct. whicb passes along the
wall beh ind t he mein Sill i tchbo e I'd ':lnd through the trusses from
where they IjI'e rlr'o~'perJ to their.' re ape c t.Lve motor terminals
(see Appendix IV).

1_ 4 TESTING 01' 1NSTI\LLliD PLL\.N'l'

Due to nori+ava i Lebi 1i ty of winged bean at, the t Lme, the
plant WW3 test"C'd ','71 t.hout load. Each un I t wae started Irom the
main ewi t c hbon r-d bv ewi t.cb i.nn '111 its main switch and motor
starter. The two conditioning chambers unlike the others were
started from 1;heir z'pspertive controJ panels after switching
on t.he two lUU-amp TPN switches on the main switchboard.
The concl Lt.d on i.nz un i b I e he a t.e r- output corresponding to 12
kwat.t.a and 24 kwa t t e r-e e pe o t.Lvel v were put on and temperatures
in the conditioning chamber's inlet. and outlet ducts were
recorded .

6
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All the units instantly responded when their respective motor
s t.a r-t.e re and he a t. ing e Lement e were pu L on. Air Temperature
profi les in the chamber -s inle t and outlet ducts are presented
in figures 1 and 2 of Appendix VI.The graphs show that:

i) With heater output of 24 kwatts, both the inlet and the
outlet t.ernc-e r-et.ur-e e rise exrorie rrt.LeLlv and settle at 94°C
and 70cC respectively.

ii) With heater output of 12 ltwatts. the inlet temperature
rises exponenti~lly and setlles at 72°C whilst the outlet
temperature rises slowly.and settles at 31°C.

iii) Temperature differences at the stabilized temperatures
for heater outputs of 24 kwatts rind 1:~ kwatts are 24°C
and 41~C respectively.

3.0 CONCLUSIONS
The winged bean clehulling plant h-3.s been successfully
installed and test.eelwithout load.
1\11 the indi vidual u ni t.e of the plant respond instantly when
powered.

Tempera t.ure prof i.l es of t.he chamher inlet and out let ducts are
of exponential characters.

Maximum t.emperature of 94~C is achieved after 18 minutes when
heater power output is 24 kwatts.

4.0 RECOMMENDATIONS
i) Efforts should be made to have the plant tested with the

winged bean.

ii ) In the absence of winged bean. the plant ahou l d be
e dap t.ed if n eceeea r-v t.o dehull locally available ..grain
legumes.

i i i) f\ techno- eooriorn leal eva l.uotion of. the plant should be
carried out for' each product .

.~.
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TECHNICAL MANUAL

The non availability of Technical Manual for the Plant called
for the need to develop one .. TIlis technical manual contains
the descriptions of the dehull j rig process and the various
units of the pl on t and also inEjtructions covering initial
preparations for' use. ope r aLion e end related technical
information.

1.0 DEHULLING PROCl~SS OF WINGED BEAN
The winged bean is dehu.lled usin!:? the technique developed by
CFTRI as presented by the flow cho r t in figure 1. It involves
the cleaning and grading of the seeds into different sizes.
The graded sizes a re in turn mixrd with a quantity of edible
oil and allowed to equilibrate J0r about 2 hours. The seeds
are then split and allowed to sLand for another 2 hours in
.i u t e bags. Af I.e r this. the seedE are e Leved to separate the
splits from the br-oke na and the fH·lits are conditioned at 75°C
end t.ernpe r-ed for f3 hours. The conditioning and tempering are
repeated after which the seeds are dehulled and the husk
finally separated from the dehulLed seeds.

-----{fuad in~--.~ i ling J--.---[SPI it t ing 1----,---,

Separating--[ Temperinp- __~-{ Condi tion -~ I

--------[ Separating

-.Figure 1: Process Flow Chart of dehulling winged bean

8
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2.0' WINGED BEJ\N DEHULTJING PLANT (WBJ IP)

The 0.5 ton per hour capacity winged bean dehulling plant
installed at the Pilot plant conlpl~x of FRI comprises four
sections and a main switchboard.

These are:

1. Th.~._!:u_e..Qnl.n~.~·LlJ.cl_oj.J..iIHL~Q.t·.Lon wh ich consists of
i) Grader-aspirator

ii) Bucket elevator
iii) Oil mixing machine

2. Scl.Lt.t..irl1L....Qe_c_t.i.o.n which conn i sts of
i ) Disc sheller (splittl~r)

ii) Bucket elevator
iii) Split.s separating sir·ve

3. CQ.ll.ctiti.QJl.i.JJIL.~f'c(::tio.rL cons i:':t. ing of
l) Two electrically oper·,ted conditioners, each made

up of a 2800-rpm b lov.e r . electrical air heater
wit.h control panel And grai.n chamber wlth inlet
ond ou tLe t a i r- duc.t.e .

ii) Two tempering bins with air vents mounted on a
single frame.

iii) One double bucket eJ.avator and two single bucket
elevat.ors.

i)
ii)

iii)

Pearling (dehulling) machine
Bucket elevator
Hush: aspirator

5. ttcLl..rL...Q..w'iiGbQQ_<'!'r:.Q which is connected to the external
electric supply line. distributes power to the various
units of the plant using bus-bars and appropriate
devices.

2.1 DESCRIPTION OF W.oDP

Below dre a brjef description of the various machines and
uni t operations l.h ev perform. oue r-a t Lo n instructions and
technical dat.n .

. ,...'
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~L L 1

The' ;\:~r)Lr;'d'II" Cl""L'·! "'II,'i ,.I~, "I: ;., iJ'lf'J"""t·, .t 1';,\11, ;'

I' (' (' t. ~u)£1 I ! ..\ I' \." ' . ,. " n \ 'i' 1 1 f!" (I 1' . r: • c, :';' I .( ,.' , 1:" :,j I J r ; !(>\ t r' ,1] Ii, ' \
,,:hut...-,·,:. i'h·" '('I"','n:' h',I,"" i i I I'" I'('n; "1 '~!li n..-:; ,1; '~li1':,f c"r-:-\ lillln!:
;~l1lm; 1.I.:illllll I.fl':' t' i (',,-',.'"( >Of, \ ('T' ;'Ild r.hl" ;tn;'.] 1("['l. ili t.hr :
bol.l."ll! '-.\lld <'H't' 'ill,'l ·I!),·l 'Ii. ;ql :Ulg,1<,' "i' C,·to I hI':' i1·"t'i..:::Ullt..Lt

The r-e c iI'T'nC31' in g JTl'V·"Il,(.nt {It r.h e be':-: i.~", c e u e e d lJY an
eccent.ric wn.ich 1::=: ,]ri"""'ll [,',V'1 Il.?5\-:wat.t,plecLl'ic motor. The
I ari 11'" al ao rlri','E:ll hy I..il.'· ~"(IIIl!' 111,,',1.01' thrcugh I",llLeys and a V'·
be I t. (figut'P ::).

L'u r ing ('pc'r''It.j'nlP', ':Il.· "C' 1'1', ; t'·C. fl" 1 ill1',t', the ma c h i.n e

t.ln ')u!:;h i-,» !1c li'.,}-,!·,··t ,·t t", ',:. ,·t' l h·'· iI"r')A,')' h"f; ':'1 ,,:hul\.('r
wh ir'll I'()nll' ,):c I.h·~' : .i il'l i I \' ,,( -:I'~-I i rn ! ; ',,\,' i 11:';; i L., Bet'<H'f-'
thpv f·tll .-;!d'. ·fl'; 'f ;n,:"; 'j "'rl, ! hf~ ro n c:;·:LrF\c .e Lhe
unwon t.cd llkl.t'-:'l'i·.li,c' '.,.-h!,:il ;'J"" 1:1'::-;; 1\' ligill.er in T.tlcighL fr·!.')'1
\.he' m:-lini inc, f'n .li,' 1.<j"~1 ''',\ : "1''':''''!1 t.h-: f;:l'CliJ1H e;':I-'E'l'ietlc-r! 1111"

Clf]~('.::t ," uf 'll·c. :::'1:'1' ,"PilI 1~l' ir- "ir·!.,,,-·..,t jllg Ill')'.·-':,'I!).:"!l! '.l~ I h"
bi':'~ 'i;hi,_~h C:il1~""'c' t~l'" ~'.:':';~C': !'1"~i11'3 t" [;\1.1 ('ti t.ill'CIl.l!.;il t b:
t'ir';"t' ,_,q',lt:\. ::11111"., v,'h; l"t t,I,,., ~'r1l'd lc r ['.·r'illn:.:: r;\"~': t.l uo ugh "\,,i

f i'l ! I r', 11If' i hF II,;,'.;: " r ," ,tI ":h,' t: F' . i ill i 1 :) It!' p " Ln!f~'1lt i'
,"7')':r'r:~l·jpUC.\,"~,j \,'!! f-h ...· ;··Pl-I! It ;-31 ~!l,p!iT\~ 'l.t,:1 ("','-)ll(·~C'tt···(J ·-\tt,vr
P'::l:::'.~'i,l1g t.hl··"lllgh r.hr- I.l': r ,,\ ;C'1'·."',,, "\1.j '·.h," i'I',lI}'! h flU ] e- 1, \·l)ll!.'
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'\ ('Sf! i.I1,1.t'i C'ft) 1'111 1p~ ;, I I.h.' lid ,I ..I! ,. ,', r i' ~ m"l l""t· i.', 1 '.'~I;:li"'~'t.·.

T'llC\ f..H~:,:-"itj;}rl ,-,t '!l" tl:.~~ ,"lIt tIP :t(.jlljLf.~·ii ttl}~·7.-it'·.l;=.: ;itl{]

.J,'I·/tJ\'J':'1cd:.::: l:'~!jJ)U,'.t). "r .\ r v r i t: <oj '"\'l,il,l:'·I,.ing !".ll.~:' ;JI I.tt,,,, ~:·;'l.:.,·
nJ' t.h e- L"',<,:::e l"i{~,'c" 'L'II-~ i'ili' "r Il"lltk i 11g": ;,1",' !"'1:(' ;"11"" I,

"(T' \')1' t.h= 11'-'."1,·.r. I';""" 'UI I l.lu- ,"')1'':;'1.,' I,i-c'lr "((t'r ;<"il1{J. lh'·
l·llC,j.;·cl::.: ].":~:::';:~ i.hl·','l[,il ,.",. t.l·"r:].; r'1l1j'!\' (:'d'L"'I' d"'li'.'Ct·j.fw 'fl'~'
IIn1.(,l· !.:.. I:"; Lt, t.h·" 111Jli",j ·1)11'.:·, (lid {hi' .il)I't· i'iIJ~c"l "iitf;
lI1nt.("'l'~L\i::; (!-;., 1"('> ,1,:·[.': ".' , I ",.; I I"',! '.h,·, ,1.,\d·I,~' r i(-"i;·d.(.~· ,"
Je,H3f" J ..·ic·('" t ;': .ii'.·i,·i,,'; ;t11 .., '1:,'" "'hi'lIl":t"'I:': wi+.I: lw,' ['·I' ..t:.' "r
t 1·unkini:.;,· en:::..:.' i"l]l!.l "i' i : III ;"\I·ft > ;'S •.··• I.ft.. :'(lfIV;:,'-' \,,-.,! I:"

dr Iv en I,:,' the- l1!i,1 >.'1' j"'c:j t i.-'l!::' I VI: 'fl'" h·t:· 1.',":"'(' U'l"'II'~h il

llullf·~:. V to(' I! t f . .:' ~:"',d: ,i in,· j(,'>;-'>'" J. j,;.(.'C' '\fl'! t li.- ,','url'pt
shaft o t t h« r . 'r' r i ' (I. i.I~:'lI~·.' .~I

During I,'Pf'.t:1. t i ','!I, he
t.ru nki rrg i +.._'W;il·,j· .. l r-:

.\f L.f' I~ 1:-'.:.tc.:: .i '1&' I I!," ' : t . : . I I

! .1..1 • k . I i. ", i. 1 'lit •..uL~I! C" 1 '" ',<I ! II"~
1 , :': " r : .' f I," t' I. ·-u ) .) <: I '. " .'l-' I. I', <', III:j! F' t ' i ..<

"',,1 o"'rll":'" 11ft 1!l"."H).h I.,IIF' .'Lll'~"· .1/'11,1\.;
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!.. ( l r..• J ; t 1' r ~;: ! I c I c : ('\ ! J r ~ f ".I J ' , I j -, j ,

,-, I e V.'I t •.,I' ,J i ~::r:},~I ) ,j'" ,_. ! :1 , ! '

.i , /' ,i.i II ;" 1 '\1 I' i : ,::.r , ", ; I 'f : f' , " 1 ' ..•.." ..: !,...': t
(~!f.'~'~I...' t-},f.'> t!( 1'.1"''''' e'l 1,-, tf:.j t i r I ~ 1\.)
nl'tl.t:l·i'-, - i, ,,;, .•....•\ ...,)

E!l:':'.n',' If,·,! '.i,,··

"
"It 1. :" i fl.~' t_ II'" l.>lF' l:e t. _
I".'J 'l'f I \·,ll.IJ 1. hF'

'.) - . ;''', ., j ! 1 , 1" '-' I . I " l.t' , ! Ill-·', I.( .t: i..') J c:- i:.1

'. , ; ,
.\ ., I 1 ", I ::-)1' gr' '\. l(; 1.' ::".} 1,.Q 1 j .j IH;:' i II1

'j n f' 1 ; \ ,~ , :' : i n ' .!I '.

U 1·'t:'1';:\\."i "', .' .:

il. ~:,tdt't. t.l:p ,:' I("',"\~,:'l' nl'..'l'.'l· :.Iud ()J."~'ll i.,lle [·jf)J..'i:'C't' gal.e,
!.1. F>='j:·.1(-"lli::.:h Lb,-'· 1l<"'J';,e'j •..•lith m;.Il.et';.:iJ.;~: if necessary.
(,. :jl.oI·' .hp, j,,\r'-.Il.;'l.· Ill'ol,u).· \' rh·c• '':'ll.) ui c:r·erat.i,.Jll.
"7. Rel1lu'.',;: t.he. l·l',tn<l.in.in[; ill;'.! "'l"'i;}l:o' fr','nl l.hr- ]t~a.;3"" r1.ece cHid

i~:.1C!.\l \ t. 11e P.! E' 'f ;i "1_

c~~i t-, j:, " I. '.i -.. ' - If, ~ I ..-in r: L,'
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de! tor ['C" ..it~r, l-:\q', \
E iE.".';it 01' l.:·f.>n'.!(:·;;', 'Itil
BUCk(: L s i;·'.':: ,'. '\1, rnn

! ~ • '/ t.'
! . ~;~I.'
; \ I \ • 'I !.' t : I

t]UC'j.:c~!.. ~~J 1·.....2(1, Ill' i j,
t?'lh,'\)':(~ ~::rl;.t('i ll~.), .• H~'li '~.,~)

('ill'[t(: j t· v , I"r: h. ',I Ii·

:3. 1 ' :3

'i'h> O!.~. mir. i ug m,:I':;I;)i· .. -, lilj')",; I'" .\ 11"1 f·f· .In fli 1i.Jlg CBll wi th
=r: ,).:1'., '.'.,ntl".i i.·(: ... 1' l r ;, ;·'·l·····.·· c -t i v: 'ill' ,II LVPrl 1-,::,; '::\ U.·if,
k'J,7att. ,~IC'\~:.l··I\· 111""")' '\",1 il .~ ill! ':,·\.111dl'i·. d 1).,I •.ly wi t.l: t'1':'1L. I...)}:.
(H1J n di;':I"\I;H'[~':' ,·Iiu!,', 'i'!l'! li'1-'l'c:r 'In,! t.h.: o i Li ng Ci'\I1 ;.II'f'

lOC:ll_U·J i·'~' t l.: i n l v . i'l i. i.'! t h-: !Il't'_'hirr> -d c·'tle erd <,'lili.Jl=-;tlhf:
motor' ~\nd 1.1,C' ()11L.l,·t I",;,c, '1'1C' ".' r.llt· ,_·til/.,r end (i.ir::;,\H'U 1 \.

c o nv e v o C.. t.}l~' g1 ..tlj 11~;~ ·-::tl't:·

side to t.h e ou t.Le t ...r1'.1l.e,

i h. II"'I'}'(::'J' -q'::, ,}i 1.,,,oJ t rom LhE' o il j Jif:'.

d i 1', '( . \ i rv n .",j r (' t ,'.1 t. 1.011 (.' f the :::'_':1 e It:

i)'j I.•.,d .-Ill,! tl·i'H1::::P0.]"·tf.,,1 i1'(:-111 l.hr- i u l= t
mi;d ng t.hroughuut t.he d j f: ti::lnce -

~'71Jell i,1; U2:(:. gl' -, ~!l,~ 11.".1,1

C:0tl i..l.nrl VJ_lt.11 I.lle l'lr;hl ..

L. F:i.i ~ Irk' , j Ii,') ...: ("'11 '''ill) r '<:!>Il)l1lr.".\,.-"l 1,,·J!.l,L,,· "i;
":' P J <:-1( 'e (',-, ""!" "I.' I,' " I I il" , 'I' I " r ,b,' .' t 11 1 ,I r • \ 1111,,· .

:.3. Cln~:;p h'.'J'i·:·l ~;i.l" "Jl,i "iil 'II'" l'I'PT">!' '",'ii\l th'" ",l.Ci;I'l··;.

it. 'lu rn t.hc- -':'.!'.·I' '.(' : ,'f:' r •.':,]'llJ',-· ..j o i ! "J ";J l·~·t.r_

13



'--'.1.'('11'1. i·l)(e. '11'" ('I ,·;.1

1,.11 ~ tJ r ; i i ' v (~'J . I i l t •

~)~ll' t:: 'C'1. 'Ii r ,.-. I; : I( I ' •• .v .: • ~ ...

•~!"i.I[:' !J1"i",t, '1): (.:, .,·1 j 11",

(.] ("lfl j h·", rWI"!1 j j)",

. ( • Ii"!'] C'I' , ~.d f

I. 111" 'I :t. I.

t ' ·'1 l I I 1',,'/ l' /~~,~IlI i r' ,':~( 1
•" 'l '1(, rl i f-' f, i. r I1.2 i" h! '

I:) .

7.

Hc,toe'r J.""'.",'1", ]:\ .•...!,'
tvl ..)tC·l' :~l't-"'E-',l, ! I 'lil

[·'Ji.Xi'lg \'Jul'll1 ;Pll{;t,J,. nnt

i"li.:'~ing »t .. ·t'lf) ;Oll.",,,rj, J'J'ill

I) i. I '::"U) '/0 J uru->. li I,r'·'

(;"p::\C i. l.y , l:Q;. Ill'

'I l r ,

i ,j' " i

I t)1 ;; I

:~~. ~ !-;
..1 'i
r.'d III

J. 1 . .'1 SPL ('I'TFJ{ (!) r:«: ,:HI';I.I.Tm)

The di r«: ~"',hpi jPt' ("(.'1,2,1:=-:1-,:=' IIi Fin UpPP1' F:t.Flt.,innary C(I\'1CTet.e rl'!,,(~,
wi 't.h A ho I P Fit, it:': (;,.on r 1'" ;\ 1:1,.''.,0.' f,;l'-ti n::-3 t,CI .ll.ll\·J tr-orn t hI"
hl)PI'el' in:"u U", J.U,·;<.:1 n.'L.d: ~llg I.I.L_IC .'h.1..;l1 1:.:; driven by a:':':.:':':
kvl-::ttt. ,.:'l\.:'CL.r.i,~ illlil.,U:.'. UP:'~ l~·u;:.:j_l.i_u.tl o L Lho 1u\I-,1er di:x: ci:.1.lJ be
movo c1 1)j--,\' i't t':l :t,t J (' ,i I 'on Iv? ~Ird L·:/ ••Ie' ,~\J 1.,:,: o I LWe) iJdj 1..12; t. in g f>: I.' f:1/J

};tlc,bc" l'.l'o'v·iLk:'l· r i L i.lv' .:·i·ld:_; ,'J the l1li:.l._:hirl'.::' ~t.igul"'~:' C,).

,t.,,:., r ,! i~~,.
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where Lhe y are sp Li L a I'Le r exp e r i e n c i ng a she e r a.c Li o n Ir otn Lhe Lwu
c o nc r e Le Ul::;C. Urrd e r Lh e .i n Ll u e nc e o I c e n Lr i I u g a I Lo r c e i Lh e
s p Li t t.e d s e e d s are Lh r o w n uII IruI/I l h e Low e r r o La Li rrg d i s c .i n Lo l.h e

c on i c a I bo dy a nd c on s e qu e n Ll y l.h ro ug h l h e uuLleL c hu Le .

OperaLiun

1. o e i, Lh e gap b e l.we e n Lh e Lwu d i s c s b y me a n s o I I he Lwu
adju::;Ling ::;crew kIluu::;.

2. Cluse l.h e hop p e r gale.
3. Fill .hupper wiLb grain::;
4. Po s i Li on a r e c e p l.a c l e a L l.h e uuLleL.
5. SLarL I.he rno l.o r .
6.. Ch e c k l.h e IJrUUUL: Ls a n d gu Lu (i) if n e c e s s a ry ..
7. St.o p Lhe moI o r a I Le r s p l i Lting .
8. C'l e an Lh e ma c h i n e •

Technical DaLa

MuLur Puwer, KwaLL
Mui.ur ::;peed, rpm
CUIlcrele ui~c ~I?eeu, I")!IIJ
Diameler 01 di::;c, HIm
Ca)!aciLy, kg/hI'

2.2
1410
425
450
500

3.1 .5 SPLITS SEPARATING SIEVE

The ::;)!lil ::;eparaLing ::;ieve con::;i::;i.~ uf a hupper with a gaLe aL Lhe
.i n l e L pa r L, a re c Lang u La r Lux c on La i n in g ~ieve' w i Lh 3uIIn x 15J/11/1

r e c Langu l a r o pe ni n g s ami Lwu o u t l e l s fur s p Li Ls a nd b ro k e n gr a i n s .
The Lux .i s inclined a L an a ng l e o I 5° lo l.he ho r i z on l a I and i::;
s ubj e c Led Lu r e c i 1>r u c a l. i II g IIIU vern e 1IL ::; by a II e c c e n Lr i c d r i ven by a
0.75 - KwaLL eleci.ric lIIul.or (Iigure 6).
During o p e ra Li o n , s p Li Ll e d g ra i n s Lrorn an e l e va Lor: re c e i ve d i i n l h e
h o pp e r are allowed on l.o Lite sieve where l h e r e c i p ro c a Li ng mo verne n L
oI l.h e .i n c I .i n ed ::;ieve c a u s e s l.h e b ro ke n s p I i L::; i.o pa s s l.h r oug h l.he
op en i ng s a nd co.l Lec Led a L l.h e Lo wer o u t l e L chu l e whi Ls L l.h e s p Li L
g r a i n s are t r a n s po r Led on Lh e s i e ve Lu Lh e s e c ond uu Ll e L chu l e
(irlLu an e l e va Lor Le a s e p ie c e ) .

OlJeraLion

i. r.Li::Ice recevLi::Icle{::;) aL be uuLleL{::;) where nece::;sary.
2. Fill Lhe h op pe r w i Lh s p Li L g ra i ns o r a Llo w e le va Lor Lu feed

the hU)!l'er.
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---------- -----

:3. :31.ar-t.. the mo t.o r.
"1_ Opprl hopper gelte tu <J J. J ("J,' J"c-e(l1..d r-ed qU,:,(llt .i ty (If gra Ln e

on to .=-; Ie ve .
5. 3top n.o r.o r a f t.e r ,-jF"vin!S.

Motor PowAr, kwatt
Hot.or ~:';pc,,'d, rpm
Box d imcll::-;inn2-· Le ng t h , 1!11n

I,>.! i d t h , nun
Height., 111m

~;.ieve fre q ue11C Y , (! se . / mi n
Sieve (l}:'eni..ng, mm+mm
Capac j ty, I-:£Vht'

1..-1UfJ
1,(1,10

,1(It)

:30
-} () f:)

:1:+ L~-
:)(1(.1

J_J_tJ CUNDiTIONING UNlT
Tbe r e z\ie- t.wo
s['eed b Lower:
J e e d in g to em
t.o t.he gr-a in

conditioning units each consisting of a high-
(2B(I(\rp1l1 I connected t.o an in]et air duct and
e Lec t.r t c a 1 "3.ir h,?'::\t-er, The he a t.or- is connected
chamber vi D <.w ou t let. a i r- rluct. The blower is
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driven by El :::.2::) kvJrltt. ~>lecll·j(.· Ulut.(lr ~:lT1d11CiS i:i shutter which
r-egu Le te e Llre air fJ.()VJ ~1cr'Ufjr3 l.h> he.a t.e r .i n to the grain
chamber. Heo Led e i r .11::: c·v<"rth' d iet.rLbu t.e d .i nt.o the grain
chamber bv six per' f o ra L ed he-r- i zo n Lal pipes locatecl in the
c h=unbe r e t i.he ,::d.r e n t.ry point .. '1"1'1e out Le t. air duct is fitted
with .9. t'herrnosLflt. fo r t elllpf't''::J.t.llre control and the grain
chambe r is fi·ttpd w i t.h i.1 t.he r-mome t.e r: for temperature
meeau i '~:!Iflen t. t: (f j g'..lre 7).

Figure 7: t:\:mditioning un i t,

-.
During ope r-e Li on . co Ld ,,)ir if: b Lown by t,118 blower across t.he
he a t.e r- t ':> i\ t.t.a Ln l'equi red temI;,pI'i3t.lu·e int.o the grain ch amber .
Gre . n e aru ] .i f te d intu the grt:1in o hambe r- where they come into
co n t.ac t. w it.h the hes t.e d «l i and i?rp cClllse';juently conditioned
at te r i.he e:,:p.i.r<:1tioY1 of U'lE' re s-i de n t. time. Hee t.e d grains are
let uut. o f the ch'='Wlrjr~r' Lllr(Jugll a gflte at t.b e d.i.scharge chute
at the c hambe r into the doub l e elevator.
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1. :'::)witch on the l0(JArnp main swi t ch serving the conditioner
con t.r o.l pane 1.

2. Svvit.r-h all the ..he r-mos tat. and set t.he required temperature.
3. St.ar t .he blower and !:\djus t. t he shut t.e r to de 1i vel' the

require 1 air flow rute.
4. 1\110\\1 tempera Lure at.. gra i II charnbe r t.o e t ab.iI ize at the set

t.ernpe r,lt,1_1 ee .
5. In t.ro duce gr o i 11::> i n t.o chernbe r by Ett! eleva lor.
6. At. the enrl of t.he resident t.ime, open the gate at the exit

o f t.h o c hambor to a I I ow t.he hei3 t.e d Cco nril t ioned) grains
int.o the Leaae piece of t.he double elevator'.

'7. Switch off t.he he a t.e r and thermostat at the end of
c ond i L. io n.i ng .

8. Allow UH? b l ower to coo 1 i he hea tel' for about 5 minutes
be f ore sT...••i tch ing it off.

9. Switch off the main ew i t.ch c;erving the cont.rol panel.

BJO\\le.r 01('\.01' power, kwat.t.
Blower s~eerl,rplTl
Heat.er ~owe] output, kwaLI
Hax i.murn t.empe r a t.u r-e , CJC

Volume of .hamber,cu.m

2:300
~~:1
200
0.108

3.J.7 TEMPERING BIN
The plant has two tempering bins, each of wbich is mape up of
two perforated semi-cy 1.i ndr j ca 1 segments forming the upper
part joined to a lower inverted perforatecJ Gone and mounted on
a frame with six legs. Air vents are installed in the bin by
means of bin spiders for effective distribution of air through
the grains in the bin (figure 8).

Conditioned grains are stored in the temperirig bin and allowed
to cool. During this cooling k'eriod the bond between the huak
and t.he coty ledon is Loo ae n , The bin is fed by the double
eJevator 8nd the grains are discharged through the outl~t at
the ape:'-. of the cone. The first. bin discharges into the lease
piece of an elevator feeding Lhe second conditioning chamber
whilst. the second bin discharges intu the dehulling machine.

18



Figure 8: Tempering bi~

1. Close tIie d i eo hu r g e- c hu If' ga t e .
Fi 11 t he bin vlj •h g ra in u e i.rrg tbe double elevator.
Allow t he gr a in t.o cool (t01' about 6 hours).
Open discharge chute t.o djscharge grain after cooling
period.

"(~....
3.
1.

Diameter of bin, mill
Hei.ght of c v Li.nd r Lcc I J:..'Llrt, mill
Height of cone, mm
Air vent dimension

D.Lamel.er,mm
Height.. mm

Holding Capacity, kg

J:~:OO
12(1)

.1200

100
1800
15uO
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3. LB DEHULLING M.l\CHINE
'I'he do hu Ll i.ng mac h i ne bcIEooj(_;~dly co ne i.e t.ss of a hopper, a
dehu l Li ng chambe r- and a d ie.c he rge chute. The dehulling
chambe r' is ruade up of <:1 ho ri z orrt a I cv Ll ndr-i.ce I mass with a
centre fJh;::lft in .i t.rs m iddl=- and ;:1. c-u lLe y ':1.t one end of the
eha f t . ThE' cy Li nd r Lca l 11l<3,,-:ri if; m:::1.d'? of concrete w i t.h the
d ischa rog~ I'art. 11'3.V .i rrg ct. ~:m(IUt her E:ur' £ac'? c orupe re d w i. th the
r-oug he r ::a.H°f'~i(;e of the .i n Le t penot. A mete Ll Lc worm is fixed
at the end of t.lie nl.'3Sf:: t.{~'W'J.l·(if:; the j nlet part d i r-e c t.Ly under
the hopper to Lre risspo r-t, tbe gra i.ne through the dehuiling
chamber. TvJO metall ic EJerni "C:f 1i.ndr iea.l e e gmen t.e with perforated
lower part form the body of Ltl'? dehulling chamber (figure 9).

During operation, wi t.h the d i.tsc he r ge chu t.e go. t e closed, the
space be t.wee n the cylilJdrlroctl. lflass and the body is filled with
the grains by means of t he- worm . The grains come into contact
wi th the r-o t.e t Lng In.lISE;· vJhE"t>o 1he husks Fuoe removed. The worm
makes it possible for the gra i.ne to mi,» VIi thin the dehu I l ing
chamber.

Fd g u re 9: I>0}lUJ.U ng InAchinE"
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1. Fill hopper with grains.
2. l~lOSf\ d i 0c}1arge c hu t.e ga t.o ,
3. Start thp motor.
4. AllcoJ thp- grains to fall ill t.he de hul Li.rig chamber till

they can no longer enter t.he chambe r .
5. Al 1.0\'1 some moments t.o pas::; and open the discharge chute

gat'? <"'t l ittle to c.he ck .i f g ra i ne a.re dehul1ed.
13. Open the ga t.e fully it t.J1f", gr a i.ne [-u:'edehu.lled and if not,

close the gate and repeaL (5).
? Alluw the ne x t ba t.c h of gr:.dns to fall into the dehulling

c h ambe i arid repeat (5).
O. ~)top t.he mo t.o r a t the end o f de hu LlLng
9. Repp.C:lt. the dehuJ.l .ing pt'OCPc3S from (1) to (8) if dehulled

gr a i ne a r e not satisf<.\ctory.
1(J. Clean the dehuller a tt.e r 112;e.

Electric motor power, kwatL
Cylindrical mass diameter, mm

length, mm
cover diame t.e r , nun

.lengLh, mm

5. ti
20
1200
7~..

~)

14ElO
20
500

Le ngt.h of worm, mill

Capac it v - J.:g/hr-

HUSK ASPIRATOR
The husk aspirator consists of two rectangular slightly
inclined screens, and a box containing an extractor fan and
located between the two sere ns. The top screen is inclined
downward t.o the left whilst the bott.om screen is inclined
downward t.o the righ t (t"igure 10).

During operation, the top screen directs the grains into the
box where the husks are removed from the bulk by the extractor
fan. On the bottom screen, the grains experience reciprocating
mov ement.e wh r ch cause the de hu J led grains t.o be collec ted from
the overf 1ow d i acha r-ge ohn te whi Le t: the broken ones are
collected f r om t.he undert.low d:ischarge chute.
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Figure 10: Husk aspiratur

1. Place recept.'::lcles <:II. = x it s. of d i.ec h a r ge chu t e s
:2. Hang eac k a t: the e11<.1 ,'f the ex t.r ac t.or frctn out.let duct.
3. Pu t o n the mail) ew i.t.ch ':c'nt.l'u11ing the 'mot.o r- starter.
4. Start t.he muLoI'.
5. Feed the topmost SC1'een with mater:La Ls ' by e leva tor or

manually.
6. Stop rno t.o r ,:HId ew.i t.c h of f the main ewi teh at the end of

o pe r e t.Lo n
7. Clean the a~pi'·ator.

Ho to r- p()wer, ]';Wi..\ t t
Motor" spe sd , rpm
Extractor bo~ dimensions

Lo n g t.h , mm
widt.h, mrn
h t gh t. , rnm

Sieve size, mrn+mm
Sieve frequency, o5c./mLIl

o. ?C,
iioo

9:::~O
330
'1!:)1)

'lCiI,) t 260
466

.22



') . 1 . 10

Tilt' IIld i 11 ~"'I i i I'id'/Ii!' d (1('('lllIllIll)li<lI('~ 01 20U-cllfll' TFi~
s\l[lJlijl~d Willi roll'l'itil; 1'(11'11" /"1 (lIll I ill' 111;111111()\'II~I-

F i i (l ii' L cl II Leu III[I i ('x , Till ~ ;~() - iI "I Jl S \'I i i r: i I ~.;( , 1I,j S "( )I'll' ,

:-; "I j i c l I W it i c h l ~

s t a Li o u or Lite
L (J d S Y :-; L 1,_' III U r

bllS-j'dl~) ("11l11i 1'II1I1:i, i l i r : V;II i"II~'; III;JI:IlIll('~; 1)'- i ln: p l n n l. (I'-~_! !JlJWI"-I!ri

l.h r uu g h t1f'prpl'l i a l r: ~wi((';l'\~'; .r r i r ] "'(liOI :~,;t' il'rs. i 'lh«: :--;Wltf'JdH);·rr'(i

hets i W(I ion··-;·",,!,. lillI' 'ij:-dllill .i ru l I' i ('\'1'11 1 (1--;11"" TFN <,\,/ i i ch(·s; ("'" (,-- i 2
('III'I' ~i;"J-,--(jt'I,.;I, IIV(~ 1')-;1111" (l'Ili six 1.()--;'fr'J' Si;Jfi(~,~,. 'i'iJf.'[P is
<I I s (' il v (I i i HI(' I.(! r- (0 ---(, ()() v (, i i.~.;) "~I i i II i i I r I' r' i 11\J j (' iI i i II g r: (' j LJ u r e d iJ IJIb::;
( J "_'d , (I I I'" ;-1II Ii y (' I i II W ) ,r II I'i i . I ~.;(' I: i 1/' I· I. i II)', ;-1I II i it ') - VId Y ~ IV_j L c J I

i clhc Ii edit - Il, i\ - Y. n .- y ), 1\ i Iii I (, :~\'I i iI' i 1(,S if II rl s l ;" L("s a II·! Pa r I. " ~~d
([.iglllt'i1).

Figurl! i i . jvj iJ I 11 ~.;vt i i c:i Jill I if r Ii

, f,\ ,...••r., , , •...•f" r't •.' , ~ , , ,...,
q, • ~ I I~.1',,1 I~,,."'I, I'j \ , ,'.,-,

.
I • CI~I II)' •

,/;1 IIf('

i, ~
f} j'

K U I-Ii)
.
I ;I ~", (! i il1." :--; •

,I. i~IJ !
i q 7'1 .

26,
Nu lrj Li v e. ' ,

I II ~ w I II ,I~I ' I I

2. K it Y •
i II~; i

I l . I',.
AI,\...., ,\

1'//" , I, f ' 1~I}IIII '~"' . Frurluci:-:;
'f i (I,

, I

I.lJrIlJ(III,

C f 'r (l'y, 1\.,
!rl':tillll'lIi

ii, Ii , • ," '•• '1

I 'I I i . TfH' winged lH'uJJ ill

JIllllrldl NllitiL;(lrl,.

, I
I. II!?

II f" kl'I;1 sil i (I r kl" ,

'j n:;- ; j i .

d('JlIll I ; 'II',

01' i (lill' r

r~~f I I 'I J I i () I ,
iI i C j,"j i; i •

I II"III!~ ('lilliS"

i-i.\ ';'" ". I lid i it.

, I I

(III ,',' I "!-', l ' , I I' t : d J I

II (J i y i Q n 2 i (J

....
~•., .\ ,.•
I "" ._~.

j). U I : ,';, F. 1\ ( 1j f I i _.nP;J if' fl ; ~ ,

i (~[\;~i~(~I' ( I r i ()I I I 11 ( . , I f I ~"'~ i r) i I
(i t ~(1 1.1 I l i "1 ~ I ' i ;r 'I i i J i i; 1 I I I ' i i (J i
(\~.:,s i g r IIIi' •" i i; ,' ['I) r i _

i~. i)/,Ilkuil' ;tlld H.P. Dillfll' Ley ,
i \ I} r ; liS i ;J i i i IIg w i IIgl.!d IH'i-lll

pi;rrli, ()kp()rJgLP" FRJ Sp(,(·jai



l
1_:
L:
l_:

L~
L~
L~
L~
L~
I ••
,

APPENDIX 1

FI g. 1.
MODIFICA TIONS

Tempering Bin. ,

I

~ ·Modified@ Onglnal
..'

.. Fig,2 . Tempering- Bin Support

•

'..
@ Ori glna~..

...

I~ 1500

® /vlodified
24



- .

..

lJ")

N

0

f
0

p

1\ ::;.6...:::.- -
711-nt :f--rr

II ~
J • I J P, ,

~
-

l:

~''A, ,

1/ 0 \"
--;

0

~n

-
••
Q

!-•....••

-. -

:m-/\ /t- -.()
,

;;.;;;.;;;I
n-

l-- 0 --."-

r1-r

0)
C

A J _-
"\ \ ~ - -
...>..lI 2'._

~ ~ - -

v'
~
~.-

LJ
~
If)
o0...

o
'-D-

0).-
LL

1:::/
x-o
z
W
D-n,
«

xxx\! l-
'll \, ,,- ~-

~) "'-" --1 -

L .-
I-

- -1=-
I- I-'

- -f I-

<
~ ~
0 ~~
-o
\:). ~

<
L

~
()

'ct
\.)



c::,)
Ul:::J
o
:r:

~c
d--D-

Ol
C.----

c
d
~

(I)

I "w,li

:==

=

ox=

\

I""

c:
WID rum

mmlIIDmmamu
mmlmJI

.

.

l=

~

r. A --:: ~

:~
,.

I~
~
~

.~~;¢

~~~

~

.,.c

~.

\i.
v.
-

\l.

i~...: fo-

~ A
..
t:).
h-

-e-;r.L.

l~~
1'01....

r-

t

a 21; t..s::;m aMP " ow



-
z«
..-.Jq,
-
t-
=:l
0

~
~

,
t-

Z
<t
-.Jo,

.
X~oz
~a,
4

~ ,
:':.~O?~I -

. r

. f

~.

f 7.yNY~ :'V)~l ;

::t1~J~373 ...•.

~r~. .-t009Cf 2
C1.
d

DO(J~

o
c
-c

Q
--\l .--.-

I . I.·
I :t- ~ oor
1_- I t~

<fOOSI! \ 0

8
r
I
;

,
C)
oo
('(

, - T - I ,...l..
. ),0 oJ 1I0Q~:~~""{"L ' .~,.:~ Il~r~~--'-"'~-"--"" ~~ JI

'-' 0006 .....,

I

__..k..

oo
~

,.." .~. f



~

~

.---=.'-"" --':--'~ ..•----.-.- .....•..._. __ ..... -..•....•....
.-...:: ....:...:.;:::;:~~:.-- ...~---.......~-...

FlGUR!E 2. " -;PROCESS FLOW SHEET WITH INSTALLED HEIGHT . FOR PLAN1

;';:::::;.::..;..... i

." ~ "'1-~.
....

":', : ~-"~'~- )

~..~~-:2

~,.., I WUSIC 1
AS"IU1TOR \~:.,
,U'

~,

~

L

" ..~.:...

1

~I
1
l

,iVl'1 DCSGRIP710rv' 1"7'1'

. _ l"';Y\ .:- t .:..:.c yl"tlO,-: hi ~;"'-R \
D£5CH.IP, ION • '1 ~NCpe.rl': /'L/1T~O,l/./T1 Ie
{C"'C"RE-7E f!.JIIT&ORM I I .." =.vU'.1!"';; l~~"':'':;'''L---...l...--!'
(.o.Ntt:A~/: ~~;fTFOA.h7 IE, 1 I ~ ,,! CONCRATr P..t.Aj ';OA!.m •

I /lIfF7'A Ute::; J'V.,-poNF t' 19 I C{)/\/LJI/I/?NI"'r. C#<'fs1fe SllPPeJf'~ 1

R=' C ~L"'T~O~/1'1 18 '10' CONC.:IP',J:' p'Rr;& n? 'b"
~ 1/ 1/' ',(IH"rpovG I/V' CONe ~------------I~ /",j'/£m.p£-A.ING ;;.,,,,' ~1?,Am,..- ":'-EG !!;

r:J II"< 1 ;"O.'.'c.;."r. ?.:JI""~.?R/r.'~' Ii
'.' ,- ~ !""!I.~='''''''·-·-:;I'J.·-·-; .•"=",..:.::::-=£' ~.•.':.:"" ~ ..•••••.•

2$00
I~I15410

\~\ .
\\...L

.~
I'\J6I 'D£:>C)!lprle~ lor .••l

I~I /)~. cPN'U TE ,.~~_ 1 I

1iT!j!i-"W:!XJ/Vtf 8e:!":lA! £l/P_i1 .'
r; I -~A LEy t:):Ww'Kff~4f-O;" I r
"I ,€ml"~.t:AA/C &,..r~~G I~!" j ',Pnr' ~c; T~ ,Prfl~ 1 '
3D t Z; 1~· Fe"· ?;&t!rijlfHi I II jJ I .~.. .' _0·.... -, ~ . .....,..........-... I (

In! ONC87F"·~r-· II
DE! DQU6Lf-S4El1Iffl1 --... I'
E: £t.EY"lr'((1Jf!~---=~"'·· I~..•.•-

~~:.::~. ' ... -
•• 1 ,"";/1"'----.-

28



Fi g.1. Concr et e support for grddet- ospru ..
'" .

tor) split s eporutlnq sieve end husk'
uspiru tor.r

I
'\

---+
I

I

0 0
I )---G

f /-+ IJ ;

0- 0 /
)

FLAN

/

L

iTEM

FR.ONT VIGW

A 520 ${,O 5(}O

8 1'190 11/.90 1'Il-O

/) /80 If a 180
£ )70 17-0 /10-----,,-.-----.---.---.--.-------.-----------------:.-:-......1-..-.:..-



o
o

(:!')

APPENDI)(:- IV- FIG.2

.. ",,;

2500'/

-b
i:.J
.\q

"""

[J
-----I

I t
I I

t if
t I
t I
L: I____ I

J

PLA N OF DUC TS FOR ELECTRICAL CAB LES

S500

-.

Jgoo

CONe RETE .])LJcT

10 I 1/ I [J'
----I I

--6-J 0 If 9 ~ WOOlJE;.i !XJCT
;

rli ---.--, ·r:l'.----."
: t; I 'I II
I' I. ; IZ I:',L..J' • t I____ .J I!:-::-=:: J '____ J

I
I~]I I

j r I

01
I ~

'____ J

'~i I U I II~1 Ji----, ---f~ 'I I /r---+-----i--- . D,

~r

CjI-1-; - r
~GJ--:'1I I

l Z I
I I

1__ - ~

,--'---,
I I

I I

I 1 :
"I

IrN£ a,,,,/,.,

30



1
E8

T

: A'PPENDIX. V
~ Fig.l Metallic support for OH- -Mi><ing I.'

Muc hine .

L L-- --J

1~~--~/.=...:20:.....=..O---,t1

!

,"'"~--'--"-J~_-IJ::..~-"-----t ..
/ . I

/

'-11
I

----~50 ~

l~J I:-J

-- - - -
- -- - -

I---T---,-- ------1-1
I i
I

. 31



--
-.C

!

r_.,.
I

I
f
I

~0-r "

f
[

r
f ~

I
t'f)
t1)

r
r
r
r
[

r
[

u« J.Ef

.f I.
8 :2
1 J,

•D 'I
e 5-

r:
1

,
1

,l-
I

r-
i / I

I

r=:, ,/
i 1

V
I

r':
- ---- ,

-- - - -

1 ,
I ,

Ff( 0NT V Ie J,tJ

I 250 I

Flq.Z Metallic support for two Blowers ,

I
1
I
1

I I 1 I
I l_

j
'__ ---+--1 j

.-----11
I I-------tl

I
I
I
I

~ > r:..

0: 9J o , o p 0 1.
li -~

/1

/

01 0 (1 0 t':J 01
I 1

2.

I~ 330 )0 I
pAlo VIEW

1 1
I 1 1~-----.

1/t>le If •• • _

17.

o

.".:..•.



Fig.3 Metallic support for Heater.
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Fig,tl Metallic support for Condif oning ,
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TEMPERATURE PROFILES
'or chamber Inlet and outlet ducts
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