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Abstract

Plgeonpea (CaJanus caJan (L) MI11sp ) IS an Important protem-nch staple food m several parts of the
semI-and trOpICS The development of new plgeonpea vanetIes has helped extend thIS crop mto
nontradItional production areas, but the commercIal adoption of the crop depends largely on such
factors as processmg and consumption The avmlablhty of an effective small-scale processmg tech­
nology to dehull plgeonpea gram IS cntIcal to successful plgeonpea production and marketing In
Sn Lanka, the Department of AgrIculture set up a promlsmg plgeonpea production proJect sup­
ported by the ASIan Development Bank and ICRISAT Under the proJect, a small-scale processmg
machme was developed at the Farm MechamzatIon Research Centre (FMRC) The machme IS ca­
pable of producmg hIgh-quahty decorticated sphts (dhal) of vanous pulse crops (black gram, green
gram, cowpea, soybean, etc ), and can process about 40 kg of plgeonpea gram m 1 h WIth 70-74%
recovery BeSIdes dehulhng and sphttIng, the machme can clean and grade gram or sphts Tills
document summanzes Important research results and relevant techrucallnformatIon about thIs
processmg machIne

Resume

Le pOlS d'Angole (CoJonus cajon (L) MI11sp ) est un ahment de base nche en protemes dans plusleurs
parties des zones troplCales semI-andes Le developpement de nouvelles vanetes de pOlS d Angole
a permls 1extensIOn de sa culture dans des zones de production non-tradltIonnelles Pourtant
1adoption de cette culture a l'echelle commerClale est hee etrOltement aux facteurs telles que la
transformation et la consommatIon La dlspomblhte dune technologle efflcace et de petite echelle
pour la decortication de grames de pOlS d'Angole est essentIelle pour Ie succes de la production et la
commerclahsatIon de cette culture Au Sn Lanka, Ie Departement de 1AgrIculture a mlS en place un
proJect de production de pOlS d'Angole soutenu par la Banque aSlatIque de developpement (ADB)
amSl que par l'ICRISAT Dans Ie cadre de ce proJet, une machIne de traltement a petite echelle a ete
mIse au pomt au Farm MechamzatIon Research Centre (FMRC, Centre de recherche sur Ie
machlrusme agrlcole), a Maha Illuppallama, au Sn Lanka La machIne peut decortIquer des
legummeuses dlverses telles Ie hancot mungo, Ie ruebe, Ie so)3, etc, pour prodmre Ie dhol (les
grames cassees) de haute quahte Elle peut tralter enVIron 40 kg de grames de pOlS d Angole en une
heme <lVec 70-74% de recuperabon En plus du decortIcage et de la cassure, la machIne peut
nettoyer et cnbler les grames entIeres/cassees Ce document donne un compte rendu des resultats
lmportants de la recherche, amSl que les Informations techruques utIles sur cette machIne

The research actIvIhes reported m thIS bulletm

were supported by the Asian Development Bank,
the Government of Sn Lanka, and ICRISAT

Cover Whole plgeonpea gram (top) decorbcated and spht plgeonpea dhal (bottom) and the new mIllIng urut developed at
the Farm Mecharuzabon Research Centre (FMRC) Sn Lanka
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Foreword
Vegetable protems are Important components of both rural and urban Sn Lankan CUlsmes The
Department of Agnculture m Sn Lanka, therefore, places a rugh pnonty on the promohon of pro­
tem-nch pulse crops The annual produchon of tradihonal pulses, however, falls short of the na­
honal demand, and m an attempt to slgmflcantly mcrease pulse produchon m the country,
plgeonpea has been Idenhfled for culhvahon m the dry and mtermedlate zones Although the crop
has been found to grow well m these envIronments, Its adophon has been constramed due to the
nonavallablhty of a sUltable plgeonpea processmg technology It gIVes me pleasure to note that the
Farm Mechamzahon Research Centre, m collaborahon WIth the FIeld Crops Research and Develop­
ment Inshtute of the Department of Agnculture, Sn Lanka, has successfully deSIgned and devel­
oped a small-scale pulse processmg macrune under the 'Plgeonpea mtercroppmg and dlverslhca­
hon study project supported by the ASIan Development Bank (ADB) and the Internahonal Crops
Research Inshtute for the SemI-And TropICS (ICRISAT) The successful adophon trials of trus ma­
crune have not only encouraged farmers but also succeeded m generahng confIdence among the
farffilng commumty The ablhty of trus machIne to produce quahty dhal from dIfferent pulse crops
and ItS affordable cost WIll enable rapId adophon of the new technology among farmers and small­
scale mIllers/ traders I am confIdent that the development of trus processmg machme WIll serve as
a gateway for plgeonpea produchon m Sn Lanka Tills mformahon bullehn IS a commendable effort
by the authors m compIlmg valuable research results and other relevant mformahon about thIs
pulse processmg machIne I hope that thIs document, beSIdes dlsseffilnahng mformahon, WIll also
serve as a useful gUlde to users of the macrune m Sn Lanka and m other countrIes where small-scale
pulse processmg IS shll a produchon constraint

Sarath AmaraSlf1
DIrector General

Department of AgrIculture
Mlmstry of AgrIculture and Lands

Sn Lanka



Introduction

Pigeonpea (CaJanus caJan (L) MI1lsp), com­
monly known as red gram or tur m the IndIan
subconhnent, IS an Important protem-nch
staple food for mIlltons of vegetanans m the
region Although IndIa IS the largest producer
of pigeonpea m the world, thIs foodgram IS an
Important pulse crop m countrIes of eastern
Afnca and the Canbbean The abIlIty of the
crop to survIve and yIeld good econOffilC re­
turns m drought-prone enVlfonments and low­
mput produchon systems, besIdes ennchmg
the soIl, makes It an attrachve ophon to dry­
land farmers New short-statured, short-dura­
hon, hIgh-YIeldmg vanehes developed by the
Internahonal Crops Research Inshtute for the
Seffil-And TropIcs (ICRlSAT) have generated
mterest m pigeonpea culhvahon m such new
areas as IndonesIa, Myanmar, PhIltppmes, Sn
Lanka, Sunnam, ThaIland, and Tnrudad

In Sn Lanka, the staple food IS nce, whIle
pulses provIde a cheap source of protem whIch
ensures complementary levels of ammo aCIds
m the dIet Tradihonally, such pulses as green

gram (Vzgna radzata), black gram (Vzgna
mungo), and cowpea (VIgna unguiculata) have
been culhvated m Sn Lanka under SubsIstence
farmmg systems m the dry and mtermediate
ramfall zones However, lenhl dhal (decorh­
cated splIt peas), that IS not grown locally, con­
shtutes a popular dIet for a large proporhon of
the populahon m the country The enhre an­
nuallenhl dhal reqUIrement (about 40 000 t) IS
Imported

The closest subshtute for lenhlldenhfted by
sClenhsts m Sn Lanka IS pigeonpea Local pro­
duchon and processmg of pigeonpea could
result m substanhal foreIgn exchange savmgs
Further, plgeonpea has much potenhal m the
ramfed uplands due to ItS WIde adaptabIltty
and drought tolerance It also thnves under the
marginal growmg condihons of the Island
where most other pulses would fall

In the rural areas of Sn Lanka, manually op­
erated stone mIlls have been used for centunes
to process dhal from cowpea, and, to a lesser
extent, from green gram and black gram
(FIg 1) The mIlls are essenhally deSIgned to
grmd cereal gram mto flour, and have no

Fzgure 1 TypIcal
stone mIll

• tradItIOnally
usedm Sn
Lanka to process
pulses mto dhal
(left> Manual
wmnowmg
(nght) to clean
the gram before
ml11mg
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mechamsm to accommodate grams of vanous
SIzes for dehulhng and sphthng Hence these
rmlls are unsmtable for processmg plgeonpea
for commercIal and domeshc consumphon As
a result, processmg was IdenhfIed from the
outset as a major bottleneck m mtroducmg
plgeonpea to Sn Lanka

In India, almost the enhre plgeonpea
produce (2 5 mllhon t) IS converted mto dhal by
more than 10 000 medlUm- to large-scale
dehulhng mIlls throughout the country At
present, there IS no small-scale dehulhng
machIne avaIlable that IS capable of producmg
hIgh-quahty dhal Dunng the last few decades,
a number of attempts were made by vanous
research orgarnzahons and urnverslhes m
IndIa and Sn Lanka to perfect small-scale
pulse processmg technology However, the
prototypes were not adopted by mIllers, as
they eIther faIled due to mappropnate desIgn,

or had certam SOCIOeconOffilC hmltahons
(Jayantha 1994)

The processmg machInes made m Sn Lanka
were based on vanous mIlhng techmques
(Jayantha 1995) The attrlhon type of machme
uses a parr of ngId, co-axially mounted abrasiVe
dISCS (one stahonary and the other rotahng)
The clearance between the two dISCS IS adjusted
by movmg one dISC along the aXIS of rotahon
Durmg ffillhng, the grams move from the center
of the dlscs to theIr penphery (FIg 2) In the
abraSIOn type of machIne, a set of abraSIve dISCS
rotahng u1S1de a box are used to ffilll the gram A
fIxed quanhty of gram IS placed m the box and
the machIne IS run for a pre-determmed penod
(FIg 3) In the thIrd type of machIne, the gram IS
subjected to a combmahon of thrust and abra­
SIon, between a rotahng abraSIve roller (corncal
or cyhndncal) and a steel mesh or perforated
steel plate (FIg 4)

~ Gralns

...-----Statlonary diSC

_____ Rotating dISC

FIgure 2 An attntwn type mtllmg Untt
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Ftgure 3 An abraswn type mtllmg umt

~o

_---Disc

_--- Box

Dnve shaft

Grains

~ Grains

~ Steel wire mesh cone

~ Abraslve cone

"~~__ Milled grains

Ftgure 4 A mtllmg umt ut>mg a combmatwn ofattntwn and abrastOn
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For a successful plgeonpea mtroduchon pro­
gram m new areas/countrIes, It IS necessary
to lmk produchon WIth processmg In Sn
Lanka, too, earher efforts to mtroduce
pigeonpea faIled partly due to the non­
avallablhty of sUItable processmg technology
To meet thIs challenge", two mstItuhons of
the Sn Lankan Department of Agnculture ­
the Farm Mecharuzahon Research Centre
(FMRC) and the FIeld Crops Research and De­
velopment InstItute (FCRDI) - Jomtly de­
sIgned and developed a versahie small-scale
dhal producmg machIne (FIg 5) that was
qUIckly adopted by several small-scale traders
and farm orgaruzahons As a result of the de­
velopment of the new processor the extent of
plgeonpea cultIvahon m Sn Lanka IS now pro­
gressIvely mcreasmg The machme s sImple
and compact deSIgn faclhtates easy manufac­
ture, operahon, mamtenance, and transporta­
hon The urut operates WIthout much nOIse
and vlbrahon, and can be easIly adjusted to
process such pulses as cowpea, green gram,
soybean, etc, WIth illgh recovery and qualIty at
low cost

The aVaIlabIlIty of tills small-scale processor
m areas where the crop IS grown wIll prOVIde
an mexpenslve source of protem for rural
populatIons It wIll moreover help mcrease
farmers' mcomes by ehmmatIng mIddlemen,
produce a value-added product, and generate
employmerLt The Irtacr ne could f-herefore ful­
fIll a long-felt need of vanous plgeonpea grow­
mg countrIes BeSIdes descnbmg the mam fea­
tures of the processmg machme, tills bulletIn
prOVIdes relevant mformatIon on ItS operahon,
mamtenance, and SOCIOeconomIC feaSIbIlIty

The new milling techmque
The new machme developed at FMRC can pro­
cess vanous types of pulses WIth illgh recovery
and quahty In tills techruque, an abraSIve cone
rotates mSIde a statIonary hollow cone (FIg 6)
The two cones are co-aXIally mounted m order
to mamtam a uruform mIllIng clearance The
clearance can be adjusted accordmg to gram

4

FIgure 5 The compact small-scale proc;ssor
developed at FMRC, Sn Lanka

SIze SImply by movmg the statIonary cone up­
ward or downward The larger clearance at the
top of the assembly IS deSIgned for optImum
mtake of gram willIe at the bottom, only one
layer of gram can be accommodated for maXI­
mum dehullmg effICIency and qualIty

The rotary mner cone has a ngld outer lm­
mg made of No 16 grIt carborundum The sta­
tIonary outer cone has two types of hrung on
the mSIde the upper portIon IS hned WIth 9­
mm-thIck rubber sheet, whIle the lower por­
han (a 3 8-cm-mgh band) IS hned WIth abraSIve
carborundum of No 16 grIt (FIgs 6 and 7) As
the mner cone rotates, the grams move from
top to bottom m a spIral path around the cone,
due to theIr weIght and the fnchon forces ex­
erted on them The grams also tend to rotate as
they move down, and the abraSIve achon helps
remove the seed coat The rotahan of grams IS
an Important event, and It IS faCIhtated by the
fnchonal forces exerted on them and the soft­
ness of the rubber lmmg These fnctIonal forces
are less powerful than the shear strength of the
gum layer bmdmg the two cotyledons of the
grams (FIg 8) Tills results m the exerhon of a
force-couple on the grams that helps to rotate
them and thereby faclhtates theIr dehullmg



Adjustable milling clearance

Ftgure 6 DesIgn (sectIOnal vIew) of the mlllmg umt

FIgure 7 The mner and outer cones of the mllltng
umt The mner cone IS lmed wIth abrasIve
carborundum The outer cone has two types of
lwmg mSlde rubber at the top, and a band of
carborundum at the base

,..-----Rubber outer cone

_----- Abrasive Inner cone

,..- AbrasIve outer cone

tii:I::--- COil spnng

"- Dnve shaft

The cusluonmg effect of the rubber sheet also
allows the grams to rotate wIthout breakmg
(FIg 9) and mamtaIns a low reachon on the
grams The dehulled unspht grams - pearls
- then move further down mto the space be­
tween the Inner cone and the lower abrasIve
porhon of the outer cone At thIS pomt the fnc­
honal forces exerted on the pearls exceed the
shear strength of the gum layer between the
two cotyledons, resulhng m the pearls bemg
spht mto dhal The dhal and husk drop dIrectly
mto a hopper below through the two operungs
(ports) of the metal base plate under the mner
cone When processmg such small grams as
black gram, only one port IS kept open, as It m­
creases the dIstance that the grains need to
travel between the two cones resulhng m effec­
hve dehulhng and sphthng

ThIS combmed attrihon-abraslOn mIllmg
technIque ensures both hIgh recovery and
quahty m dehulhng and sphthng pulse grams
makmg the machme far supenor to other types
operahng on the pnnciple of attnhan or abra­
SIOn The recovery and quahty of dhal mainly

5



L...--------:?-IOO;;;;:;;::-I~..".::::::::::==--- Rubber surface

\+-------Cotyledons

~---Gum layer
.--__---JL...o......=::::::..-.l_~ .....,..I--- Abrasive surface

Flgure 8 Forces ewrted on a pulse gram dunng the mtllmg operatwn (F=fnctwnal, R=reactwn, S=shear)

sImultaneously dnven by a smgle electrIC mo­
tor, and are mounted on a ngid 5-cm angle Iron
frame to provIde stabIhty dunng Its operahon
and transport (FIg 10)

electnc motor
(l-hp, smgle-phase, four-pole)

CapaCIty
Pigeonpea 40 kg ha 1

Other pulses 50 kg ha 1

180cm
95cm

150cm
130 kg

70-74%Recovery

Power

Specifications

Overall sIze
Length
WIdth
HeIght
WeIght

DeSCription of the machme
The new pulse processor elegantly mtegrates
the three major operahng umts - mIlhng, alr
aspirahon, cleamng and gradmg - reqUIred to
produce lugh-quahty dhal All these umts are

depend on the penpheral speed and surface
roughness of the rotary cone, and the gap be­
tween the two mIllmg cones In thIS maclune,
the mean veloClty of the mner cone surface
(25m sec 1) and surface roughness (No 16 gnt)
have been fIxed at ophmum levels A sImple
adjustment of the mIllmg clearance between
the two cones IS sufflClent to ready the machme
to process grams of vanous SIzes

,--J,--J ,--J ,--J ,--J ,--J
,--J,--J,--J,--J,--J,--J,--J,--J,--J,--J
,--J ,--J ,--J ,--J ,--J ,--J ,--J

'------ Rubber surface
....-------- Grain

,..----- AbraSIve surface.. . ..................................
•••• -••••••••••••••••••••••".'••••• '••• '.' '.t,','.', •••••••••••••••

• • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • It •• ••

Ftgure 9 Rotatwn of the gram between the statwnary (rubber) and movmg (abraswe) surfaces dunng the
mtllmg operatwn
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3 4

1 dhal flow control
2 grain flow control
3 grain hopper
4 milling clearance control screw
5 milling umt
6 grain cleamng and grading compartment
7 dhal cleanrng and separating compartment
8 blower
9 electric motor

Ftgure 10 General mew of the new pulse processmg machme showmg the mam components and controls

Milling assembly

The mIllmg assembly conSIsts of a feedmg hop­
per, a mIllmg umt and a collechon hopper A
gram flow control gate IS located below the
feedmg hopper The mIlhng umt (FIg 10-5) IS
compact In deSIgn consIshng of a rotary mner
abrasIve cone an outer hollow cone metal
base plate, and a ngid mount

The rotary cone (13 2 cm htgh, 25 7 cm base
dIameter) IS ftxed to the upper end of the dnve
shaft that runs on sealed ball beanngs housed
m a bearmg bracket The shaft IS dnven by an
electrIc motor at 300 rpm The bearmg bracket
IS mounted ngtdly on the mam frame of the
machme The outer cone has four proJechng
lugs WIth holes that SIt on coIl sprmgs placed
on the vertical pms ftxed on the extended arms

of the bearmg bracket (FIgS 6 and 11) Tills type
of assembly enables easy posihomng of the
outer cone and ItS perfect ahgnment WIth the
aXIS of the rotary mner cone To adjust the mIll­
mg clearance, the outer cone can be moved
upward or downward WIth the help of a spnng­
loaded bolt located at the top of the cone The
clearance between the rotary mner cone and the
stahonary outer cone can be adjusted anywhere
between 0 5 to 7 mm Underneath the cones, tills
gap IS closed by a metal plate WIth two ports
through whtch the mIlled grams are dropped
mto the bottom hopper One of these ports 15 al­
ways open whtle the other can be closed or
opened by shdmg a plate over the port Ahopper,
attached to the mam frame, dehvers the mIlled
grams dIrectly mto an aIr duct before they reach
the cleamng and gradmg assembly

7



Flgure 11 The outer mIlling cone WIth lugs (left), and Its assembly on the tnner cone (nght)

Cleaning and gradIng assembly

The cleanmg and gradmg of gram and dhal are
carned out by usmg SIeves of dIfferent SIzes
mounted on a smgle frame (square-sechoned
steel tube) ThIs umt IS dIvIded mto two com­
partments to receIve whole gram and mIlled
dhal separately, and It rests on four wooden
arms to facIhtate ophmum oscIllahon wIth a
backward angle of 9° The compartments are
shghtly mclmed (2°) toward the front (FIg 12)
The umt oscIllates at 5 cycles per second, wIth
an amphtude of12 mm Two manually operated
brushes beneath the SIeves nelp relea::,e dIly ma­
tenal that gets stuck m the holes of the SIeve

The gram cleamng and gradmg compart­
ment (FIgs 10 and 12) has two hers The top
her has a smgle 50 x 20 cm SIeve wIth 7 mm
dIameter round holes The lower her has two
SIeves - a 50 x 20 cm SIeve wIth 3 5 mm oblong
holes, and a 60 x 20 cm SIeve WIth 5 5 mm
dIameter round holes

The dhal cleamng and gradmg compartment
(FIgs 10 and 13) consIsts of a senes of SIeves
The fIrst SIeve (25 x 20 em) has 2 5 mm dIam­
eter round holes, the second SIeve (25 x 20 cm)
has 4 mm round holes, and the tmrd SIeve (60 x

8

20 cm) has 3 2 mm oblong holes A separate
hopper IS attached under each SIeve to collect
the graded matenal that drops through the
holes (FIg 14)

AIr aspiratIon assembly

A blower, dIrectly coupled to the dnve motor,
helps to remove the chaff and other hght par­
hcles from the mIlled gram ImmedIately after
processmg A flexIble hose connects the blower
suchon port to an aIr duct through WhICh the
mIlled gram IS dehvered to the cleamng and
gradmg SIeves after processmg

Critical adjustments
Before processmg any matenal, three cnhcal
adjustments are made to the macmne to oph­
mize the output capacIty, recovery, and quahty

Gram flow control The rate of gram flow mto
the mIllmg chamber IS Important, and deter­
mmes the dehullmg quahty HIgh gram flow
reduces the quahty and Increases losses due to
breakages Somehmes, the machme can be
overloaded by an exceSSIVe flow of gram On



Amplitude 12 mm
frequency 5 Hz

Sieve with circular holes

Sieve with oblong holes
Sieve with circular holes

Wooden arm

FIgure 12 Gram cleamng and gradmg compartment

Light particles

Unprocessed grains and pearls- -
Wooden arm

t t t ! °t l t
Brokens Spilts (dha~ >4 mm

+ + l t t t
Particles «2 5 mm)

Ampiltude 12m~ Partly cleaned grains
Frequency 5Hz... ---. ------ ---- ~

FIgure 13 Dhal cleanmg and gradmg compartment 9
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the other hand, reduced gram flow
wIll lower the output of the machme
The gram flow mto the ml11mg cham­
ber can be controlled bv adJushng the
shdmg plate located at the bottom of
the gram hopper (FIg 10-2)

MIllmg clearance ThIS IS most cnhcal
adJustment of the machme The gap
between the Inner and outer cones can
be controlled bv turmng a bolt located
at the top of the mllhng umt (FIg 10-4)
Tightemng the bolt clockwIse pushes
the outer cone downward reducmg
the gap between the cones ThIs gap
has to be re-adJusted for each gram lot

Dhal flow control The mIllmg assem­
bly has a base plate wIth tvvo ports
through whIch the mIlled grams are
dropped mto a hopper below One of
these ports IS always open, whIle the
other the dhal flow control port can be
closed or opened bv turrung a screw
that moves a shdmg plate over the port
(FIg la-I) When processmg large­
gramed pulse~ both ports are kept
open For such small grams as black
gram, the adjustable flovv control port
IS closed

Mamtenance and repair
The pulse processor has been deSIgned
for trouble-free operahon and mIru­
mum mamtenance Even though the
machme has several "ltal movmg
parts, no penodlc lubncahon IS neces­
sarv Each pIVot pomt uses self-lubn­
cahng polyethylene bushes that can be

Ftgure 14 Cleanmg and gradmg of
ptgeonpea gram and dhal The
compartment on the rtght cleans and
grades whole ptgeonpea gram before
mtllmg Mtlled dhalts deltvered through
the verttcal atr duct to the cleamng and
gradmg steves on the left



1 All costs In Sn Lankan rupees 1 US$ = Sn Lankan Rs 54

Table 2 Estimated maintenance cost of the
processing machine (1 year or 3000 h)

replaced easIly wIthout any specIal tools Both
the mam dnve shaft and the mtermedlate
shafts are mounted on long-lastmg, self-lubn­
catIng, sealed ball bearmgs The most fragIle
components of the machme are the wooden
swmgmg arms of the oscIllating umt whIch can
be damaged by mappropnate handlmg or
transport Therefore,It IS adVIsable to keep one
spare set of swmgmg arms whIle operating the
machme m remote areas No other spares are
reqUIred for the routine operation of the ma­
chme Table 1 gIVes an outlme of a typIcal
mamtenance schedule The esbmated mamte­
nance costs of operabng the machme for a penod
of 1 year or 3000 h are gwen m Table 2, and are
easIly affordable by small-scale mIllers

DescnptIon of
mamtenance work

Replacement of polyethylene bushes
Redressmg of abraSIve cone
Plastenng of abraSIve cone
Replacement of outer rubber lmmg
Replacement of ball bearmgs
Other breakdowns

Total

Mamtenance cost hI
Mamtenance cost kgl dhal

Cost (Rs)!

5000
25000
35000

7500
45000
50000

167500

052
002

Table 1 Summary of routine maintenance of the
processing machine

EffiCiency of the machme
Processmg tests conducted at FMRC have
shown that the machme can process both wa­
ter- and oIl-treated pigeonpea gram The wa­
ter-treated samples showed slIghtly mgher
(74%) recovery than oIl-treated samples (71 %)
However, the qualIty of dhaZ, measured m
terms of damaged and seed-coat-mtact splIts,
was the same m the two treabnents It was also
demonstrated, usmg water-treated gram, that
the dhal recovery m the FMRC macmne (74%)
was hIgher than the recovery obtamed WIth the
attrItion (60%) and abraslOn (70%) types of ma­
cmnes The dhal produced by the new proces­
sor also had better appearance

Interval of
operation (h)

750

5 000

15000

MaIntenance Job

Replace polyethylene bushes

Redress abraslVe cone
replace rubber lImng of
outer cone

Replaster abraSIve cone and
replace ball bearmgs

Technical and socioeconomic
feaSibility

Handling and operation

The macmne IS dnven by a I-hp smgle-phase
electrIC motor and can therefore be operated on
domestic power supply The machme IS bUIlt
on a ngid metal frame base and does not need
to be &xed on the ground It can be transported
easl1y from one place to another The mcorpo­
ration of the cleanmg and gradmg functions
WItmn a smgle processmg umt helps to pro­
duce mgh-qualIty dhal WIth mgh recovery The
versatilIty of the macmne m processmg dIffer­
ent types of pulses of vanous graIn SIzes has
mcreased Its utilIty and demand No speCIal­
Ized techmcal skIll IS reqUIred to operate the
machIne, and any person WIth some baslC
traImng can use It effectively, wmch makes It
particularly SUItable for WIde use m rural areas

Although one person can operate thIs ma­
chme continuously WIthout fatigue a helper IS
reqUIred to handle the matenal for processmg
All the cntIcal control deVIces can be operated
WIth ease Only SImple adJusbnents are re­
qUIred for dehullmg dIfferent pulses Once the
machme IS adjusted to process a particular
gram lot for optimum output and mgh qualIty,
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It can be operated for long penods wIthout any
further mmor or major adjustments The rou­
hne mamtenance of the machme IS easy and
cost-effechve The operahonal cost of produc­
mg 100 kg dhaiis eshmated to be about Rs 185
(1 US $ = 54 Sn Lankan rupees)

Safety features

The machine has been desIgned for a high
standard of safety With respect to nOIse level,
Vlbrahon, locahon of movmg parts and control
devIces, mstallahon of electrIcal eqUIpment,
etc Both Vlbrahon and nOIse have been re­
duced to a mlmmum, and the operator does
not run any nsk of deafness due to prolonged
operahon Standard shock-proof electrIcal
eqillpment elumnates the nsk of electrocuhon
All the rotahng parts of the machme are com­
pact and enclosed All cnhcal controls can be
reached easIly by the operator from one pOSI­
hon Once the machine IS set m ItS ophmum
processmg mode, the operator can move freely
around wIthout any danger of accIdent

Preparation of grain for processing
The mIllmg quahty and recovery of the gram
are determmed by several physIcal factors
These mclude the content of husk and ItS hard­
ness, the amount, chemIcal nature, and hydra­
hon level of gums, and the shape, SIZe and
mOIsture content of gram (Kunen 1981) Also,
care should be taken to prevent gram damage
by storage pests between harveshng and mIll­
mg

Grain cleamng, drying, and grading

In order to obtam quahty dhal, any undesIrable
foreIgn matter and plant debns should be re­
moved from the gram lot mechamcally or by
hand WinnoWing HIgh mOIsture content of
gram IS known to reduce dehuskmg percent­
age DIfferent vanehes could have dIfferent
seed mOIsture reqUIrements for maXImum
dehuskmg (Kunen 1981) For commercIal
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dehulhng, where the gram lots and vanehes
dIffer consIderably, It may not be possIble to
obtam an ophmum mOIsture level, It IS recom­
mended that the seeds be sun-dned to about
8% mOIsture level ExceSSIve drymg, however,
can lead to hardemng of gram and mcreased
scourmg and losses due to breakage

Generally, WIthin a gram lot or vanety, there
IS always some vanahon m gram SIze and
shape, eIther due to physIOlogical dIsorders or
msect damage dunng the gram fIllmg stage
The umformlty of gram IS essenhal for effICIent
dehulhng and sphthng, gram lots should
therefore be graded properly before process­
mg

Pre-milling grain treatments

The plgeonpea seed coat or husk IS attached to
ItS cotyledons by a layer of gums and hgmn
The mechamsm of adherence of the husk to the
cotyledons has not been fully explamed, but It
IS belIeved to be related to the tackiness of the
gums, which m turn depends on the amount,
chemIcal nature, and extent of hydrahon A
pre-mIllmg treatment of the gram IS therefore
essenhal to weaken the chemIcal bond be­
tween the husk and the cotyledons, and be­
tween the two cotyledons Accordmg to Kunen
(1981), the loosemng of the husk can be
achieved by one or a combmahon of the fol­
lOWing operahons

• prolonged sun-drymg unhl the seed coat IS
loosened

• apphcahon of small quanhhes of 011 and/or
water, followed by several days of sun-dry­
mg

• soakmg m water, followed by coahng WIth
red earth slurry, and sun-drymg for several
hours

1n the wet process, the soluble gums leach
out mto the soak water and the grams swell up
On drymg, the cotyledons shnnk resulhng m
the husk becommg loose, and also tend to
"cave m' at the surface of contact With each



Husk

t-----I~ Impunhes

Coat and powder
t--r--~ «2 5 mm pIeces)

'----,,--:::......J

Brokens (2-4 mm)

Whole grams and pearls

SplIt dhal WIth husk mtact

~
I Baggmg I

011 treatment
(gram and sphts

separately)

Ftgure 15 Flow dzagram ofptgeonpea 011 treatment
and processmg usmg the FMRC machme

Gradmg
(dIfferent grades WIll be
processed separately)

other AbrasIve pressure then separates the
husk and sphts the cotyledons (Kunen and
Parpia 1968) In the dry method, the 011 pen­
etrates mto the gum layer and, wIth the mIld
heat of the sun, spreads and reduces the layer s
tackmess (Kunen 1981)

At FMRC, vanous gram treatment combma­
hons were tested m collaborahon wIth food
technologIsts It was found that mIxmg coco­
nut 011 @ a5-1% by weIght, followed by spnn­
klmg small quanhhes of water, and then sun­
drymg to about 8% mOIsture level was most
SUItable for loosemng p1geonpea gram husk
The grams have to be "pitted' to faCIlItate the
entry of 011 through the seed coat ThIs IS done
by passmg the enhre gram lot through the mIlI­
mg umt, WIth the gap between the cones only
WIde enough to crack the seed coat The oIl
treatment can be earned out even on overcast
days smce the parhally treated gram can be
kept for 2-3 weeks WIthout sun-drymg ThIs
treatment Yields good quahty dhal

In the water treatment process, the gram IS
soaked for 3-4 h followed by sun-drymg
However, the gram must be dned soon after
soakmg to prevent ItS decay

Processing operations
The vanous steps mvolved m processmg
pigeonpea gram are summanzed m FIgure 15
Each gram lot IS cleaned properly before pro­
cessmg to remove Impunhes, and graded The
gram IS fed mto the small hopper of the ma­
chme from whIch It falls dIrectly on the upper
her of the oscillahng grader The SIeves of the
upper her remove chaff, stones, and mud clots,
willIe the lower her SIeves out Immature/
shrunken gram and other small parhcles At
the fmal sIevmg stage, two gram lots of dIffer­
ent gram SIze are obtamed These are pro­
cessed separately

Each gram lot IS treated WIth 011 and/or wa­
ter and, after drYing, the gram IS fed mto the
mam hopper for dehullmg The flow rate
and mIlhng clearance between the cones IS
adjusted The rmlled gram drops mto the
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hopper through the dhal droppmg ports of the
metal base plate Usually, both droppmg ports
are kept open whIle dehullmg p1geonpea, cow­
pea, and soybean However, If the machme IS
used to dehul black gram or green gram, only
one port IS opened The mIlled matenal moves
further down through an aIr duct at the bottom
of the hopper Chaff, dust, and other hght par­
hcles, together wIth a certam percentage of
brokens «05%) are sucked by the upward atr
stream The parhally cleaned matenal drops
onto the osc111ahng sIevmg umt wruch sepa­
rates small «25 mm) and large (>25 rom and
<4 mm) parhcles, sphts, and unprocessed
gram The unprocessed gram can be fed mto
the mIlhng chamber agam The pearIs and
whole gram whIch remam unprocessed even
after the second pass are treated agam before
re-processmg Parhcles trapped m the SIeve
holes are removed at regular mtervals by pull­
mg and pushmg the brushes located under the
SIeve The sphts (dhal) obtamed from the ma­
crune are pohshed by rubbmg them wIth a soft
cotton cloth Tills removes fme dust parhcles
from the surface of sphts and Imparts a shme

AddItIonal informatIon

Addlhonal mformahon about the avaIlablhty
and cost of the machme and seed processmg
technology can be obtamed from the DIrector
General Department of Agnculture Pera­
demya, Sn Lanka
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About ICRISAT

The semI-and trOpICS (SAT) encompasses parts of 48 developmg countrIes mcludmg most of IndIa,
parts of southeast ASIa, a swathe across sub-Saharan Afnca, much of southern and eastern AfrIca,
and parts of Lahn Amenca Many of these countrIes are among the poorest m the world ApproXI­
mately one-sIxth of the world's populahon lIves m the SAT, whIch IS typIfIed by unpredIctable
weather, IIffilted and errahc ramfall, and nutrIent-poor soIls

ICRISAT's mandate crops are sorghum, pearl ffilllet, fInger mIllet, chIckpea, plgeonpea, and
groundnut, these SIX crops are vItal to lIfe for the ever-mcreasmg populahons of the semI-and trop­
ICS ICRISAT's mIssIon IS to conduct research whIch can lead to enhanced sustamable produchon of
these crops and to Improved management of the lImIted natural resources of the SAT ICRISAT
commurucates mformahon on technologIes as they are developed through workshops, networks,
tralrung, lIbrary serVIces, and publIshIng

ICRISAT was establIshed m 1972 It IS one of 16 nonprofIt, research and trammg centers funded
through the ConsultatIve Group on InternatIonal Agncultural Research (CGIAR) The CGIAR IS an
mformal aSSOCIatIon of approxImately 50 publIc and pnvate sector donors, It IS co-sponsored by the
Food and Agnculture OrgaruzatIon of the Umted NatIons (FAa), the Uruted NatIons Development
Programme (UNDP), the Uruted NatIons EnVIronment Programme (UNEP), and the World Bank
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