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INTRODUCTION

Ag icultire 1s the main occupation in nost of the
developing count) 1es, yet many of them find 1t difficelt to
g ow sufficient food fo thei1 population An 1nc ease 1n

tpod p odiection 15 achieved by the combined effort of

1nct eased powe) inpLt, 1mp oved seeds and the modified
production technology 1n Aaviculture The entire farg
opey ations can be completed efficiently in time, onlv 14

suffici1ent power 1s available 1n all fo ms and thue the

far m powel 15 the p e eqLisite o all Ag 1cLlte al

developments 1n any country

1.1 Farm Power Status in India

The total geogiaphical a ea of India 18 Jeo 70
million hectaies and out of which the cultivated aiea hac
remained nearly constant as 14 million hacta es far tre
tast two decades (Lhop a 1932) The National Commission ot
Agricultu e (137f) assessed the powe available 1n Indian

farms as 2 5» hp/ha as seen 1n Table 1



Table 1 Power Availability for Indian Agriculture

St No Soui ce Orantaty Total hp

(Mr11l1on nos ) available

(Million)

1 Human laboureir s 81 40 =g
(=4 D atght animals 3 20 2 2

w

Mechanical and electrical
1) Thactoy and Fower Tille s @ vl 143
11} Diesel Engines and
Electr1 Motors 2 41 15 7
111) Power Sp ayes s and
Dusters @ 24 1 E
1v) Electrically ope ated

Sugay cane c uvshers ® 1@ &

Total 147 54 49 8




1 82 Minimum FPower Requirements and Availabilaty

With the i1nt oductinn of high yielding a 1eties
and new 1 1gatiaon p actices the c opping patte n has
conside ably changed, esulting i1n a t emendoLs 1nc ease 1n
the demand for powe 1nptt Acco ding to Giles (14+~7) a
minimum powel 1npLt of 5% hp /ha 1s necessa y to achieve

sustained ag i1cultt al g owth i1n developing count ies

A stidy conducted by the Food and Ag 1cLltL e
0 ganization (19€Y) also 1evealed that the power input 1n

the developing count 1es might be 1nc eased to ) “s hp/ha

The total power availability 1n tte develojir g
cocnt 1es 1s 1n the ange of © 12 2 3 hp/ha as compa ed
to the 1 40 hp/ha i1n the USA and 4 7 hp/ha 1n West Ge many
acco ding to the E«xpelt Constltation on the Mechani=ation o+

Rice Production (1374)

Ministry of Agrictltire and I 1gation, bover nment
of India (1377) stated that, with the huge popclation of
human labolr and animal powe , India suffered + om powe
famine and this affected agi icultu al production based on
scientific farming, and 1t has recommended a dotblefold
giowth of the available @ 3k hp/ha, which agiees with the
recommendation of ¢ 8 hp/ha by the National Commission on

Agricultw e (1376) for an efficient ag i1cultu e



1 3 Case for Mechanization of Agricultwe

Man by himself can p oduce a little only, bLt wvith
the help of machinewy he can easily p odice mo & and he can
get relieved of the heavy wo b While 1nc easing the outtpet
per hactaie and per man, 1t v11l1 ende the la ge cattle
popt lation as su plus which othe twise will complete f{o

stbsistance +y om land

Anothe school of thouaght 1s that mechani.ation
has lainited scope in lndia becaitse of the small holdings
ave age being less than 2 3 ha, scatte ed 1n tiny plots
Also, Aga wal (1347J4) observed that abLndant animal and human
pawe , 1ltaitaracy and lacl of t ained personnel ae the

constraints 1n mechanizing the Indian fa ns

Fhan and Dut+f (1972) while e plaining lndia as an
e ample, obse ved that neaily twenty yea s of efio ts to
1inty oduce western mechanization technoloay 1n Asia, the
owne ship and the Lse of sich equipment emains beyond the
means of maj)o 1ty ofi faimer s The benetits acc ving + oan
node n mechani-ation technology a e concent ated 1n a
subsector composed ot a few, la ge and p ospe ous +a me s

and have not available to the majority of small fa me s 1n

Indxa



1.4 Paddy Threshers

Threshing is identified as the first opev ation to
be mechani~ed i1n Kerala to paddy ciultivation, since 1t 1s
labown intensive and i1nvolves considerable human dcdgery
Moy eover adoption of i1mp opey thieshing methods esults in
post harvest loss and reduce the net recovery of paddy The
traditional methods of seed separation fiom the stalk a e

Lneconomical, time consuming and labow i10Ls

Without carrying ot e-xtensive field trials on
different types of paddy ttweshers, some models of powel
paddy threshers ate being introduced i1n te ala Initial
trials ca ried oot by t A U i1ndicates that the thy eshers are
not being 1eadily accepted by faimers i1n lte ala due to
seve al 1 easons The thresher s which are being 1nt oduvced
we @ designed fo oy paddy ciops and seve al field problems
were encounted by the lerata faimevs The threshers
especially designed for high-mpoist paddy aie not highly
efficient and moreove they deliver straw 1nto pieces It
1s 1n this contest the p esnt study was condicted with the

following objectives
a) To find out the limitation of the crop conditions fo the

available paddy thi eshen

b) To select the coriect method of threshing for high-

moist paddy cyops



c) To formelate the optimal th eshe pa anete fo ma mimum

th eshing efficiency of high—-moist paddy & op

d) To develop and test the optimal th eshing pa amete in

the field condition
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REVIEW OF LITERATURE

A b 1ef review of histo y, classificat:on and wo |
done on design, development and testing of paddy th eshe s

are p esented 1n this chapte

21 Introductory information

Th eshing 1s the emoval of g ain f om the plant
by strilaing, treading o1 rubbing Today 1n va 1oLs pa ts
of the woi ld th eshing 1s accomplished hy t eading the g ~in
undey the feet of nen or of the animals, st 1li1ng the g ains
with sticks, flails o a thheshing pegs ol loops and
ramoving the giain by rubbing between stone or wooden

ollens on a threshing floo o between the asp—ha and

concave of a&a combine This th eshing can bhe achieved by

tht ee methods
(1) ruhbing action,
(11) impact and

(111) st 2pping

e.2 History

In 178 Andrew Meil le a Scotchman, was the first
to 1eplace the heavy and labo 1ots th eshing o + with hand

' asp—~bars by a mechanical device with +the utse ot 4ou



Firg 13, Meaklc's rasp-bAar thr staing uait (177 )

l- drum 2 -~ bars (rasp bars) 3 - m tal-shc t casl g
4- feeding shairts




evolving 1 asp-ba s attached to the c1 cumte ence of a d um
25 cm 1n dia (fig A Fa t of the divm s c1icumfe ence was
enclosed by a sheet metal casting, called the concave

Threshing p)ocess too! place 1n the space fo med 1n between
these two elements The pe iphe al speed of the d um was 4
to & m/s Grain was delivered mannually hetween two notched
feeding shafts conveying g ain into the sli1t space The

th eshing machine desc 1bed was d i1ven by a hand crani

The d 1ve by human o1 animal 40 ce was eplaced by
mechanical drive — 1niti1ally by the use of t action engines
and, subsequently, by combustion engine The evolutions
and diamet e oif thieshing drum we e i1ncreased, the shape of
the asp-bars, concave, as well as the feeding method we e

altered

In 1305 an American named Tuvy ne was the first to
employ a peg—tooth d uvm, to the sL. face of which, i1nstead of
rasp—-bars, he attached teeth , he also p ovided the convave
with teeth With passage of time this pLiticLlas th eshing

unit also became the subject of modifications

In the cou se of the past fou ty vyea s attempts
have been made, and a e continued to eplace the class:ical
rasp—bay o toothed th eshing unit by some othe systems 1ir
which defo mation of (straw) stalls wotld be tess with a

si1multaneous appropriate sepaiation of g ains f om the
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earhead Attempts are also being made to consticct
thy eshing unit enabling p epaation of all g ains and
requiring no additional separ ation of g ains fiom the straw

by means of sty aw walltei s.

Fig 2 presents various threshing units and systems
y some of them fulfil then tas! bette , and some wor se It
must, however, be npted that none of the new designs,
hithel to p)resented, has 1eplaced the classical asp-ba and
toothed threshing units and found a wide p actical

application so fai

Threshed material delivered by an (unde shot)
elevator gets 1nto the woirkFing slit cieated between the
circumference of the quiclly revolving dium wath tt e
attached rasp-bais and what is ecalled the concave sw tace
The concave rep)esents a band of si1eve formed of t ansve se
1ectangular steel bais — set at ce tain i1nteivals parallely
to the diwtm s avis - and of a sevi1es of paallel wlnes
passing thiough holes 1n the bais, also spaced at definite
intervals which enable separation of threshed grains f om
the laye of grain passed th ough the woitling sl1it The
dunection of setting of the ba s longer sides 1s radial
while the:r tips aie locled 1n the shoulde s of the concave

surface (mounting)

11



Farg 3. Scpar Lion of grains fron »ar stalls tlre |
concave bars at lengthwis d liverv 1Lh e L1l o
positioned front arl
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Mate 1al deliveied to the d uvm 1s st uci by the
1 asp~bars, pulled by them into the wo ting slit and shitted
throcgh this slit with a vaiying speed Between the su face
of the asp— ba s and the shifted mate 1al the e occL s A
certain slip the valte of which, at the i1nlet opening, on
account of low p essures of the asp-ba s 1s the highest
With 1ncreasing conve gence of the wo ti1na slit and p essL e

of the i1asp-bais, this slip der eases eaching 1ts lowvest

valte at the outlet of the woirling slat The concave bars
on the othe hand, est ain the speed of t avelling of
stalls clamped by asp-bavs to the concave su. face It

follows f om this that the 1 asp-ba s move 1n the wo |ing
slit with a va ying speed in 1elation to the shifted mass o+t

material which simultaneociLsly shifts with a va ying speed

with respect to the concave s a est1t, the mate 11al

laye 1s st uct seve al times by 1 asp bars caLs1nn

thy eshing of the predominant amount of g ains and

acceler ation 1n speed This cairses mutral ribbing of the
”

ear stalls, as well as rubbing of the ea ¢ against the edges
of the concave bars as shown 1n fi1g 2 and b eal1ng of+ ot a
greate o less number of stalls depending on the: initial

setting at the slit 1nlet
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2.3 Factors Affecting Threshing Effectiveness

The facto s which aftect the gralaty and
efficiency of th eshing may be classitied 1nto the following

g oups

231 Properties of threshed material depends on-*

(a) Its type and variety ( facility of sepa ation of
g ains from the straw, tearing and c ushing
st ength of stalks on blades),

(b) moisture content of the mate 1al

(c) action of g een matteyx ( andom seeds oy weeds )

(d) ratio of grain to st aw weight

23ea Technical conditions depends on

(a} Type of dium (Folygonal, Ci1 tLla , Open, Shielded)

(b) Fe i1phe al velocity of asp — ba s ( numbe of
revelutions of the drum and i1ts diamete s)

(c}) Mumber of rasp — ba s and their shape

(d) Angle of w apping of the concave ( Length of
concave sL face )

(e) Bize ot working slit at 1ts 1nlet and outlet
opentng

(f) Shape and distribution of the concave bars
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23 3 Delivery of material to the drum depending on

(a) Feeding valte - that 1s the thiclness of the
delive d mate 1al layei in Lnit ot ti1ne
dependent at a given feeding valiLe on tte speed
of delive vy

(b) Fositioning of delivered stalls with

espect to the d vm &a 1s ( with the ea stalts

dinected + ontwaid, pei pendicula ly to the drum
a i1s, 0 lengthwise feeding with the ea stalts
postioned pa allely to the d vm a 1s o t ansve se
teed1ng and with the ea stallks pos1tined
ocbliqLely to the drum a 15 )

(c) Foint of contact of the delivered mate 1al 1laye

with the d v circumference

Lonside 1ng 1in sLccessi1on the effect of the
factors 1ndicated on threshing qrality we shall 1initialy
tale 1nto account the amount of g ains 1eleased by the
concave only and next, turn to the question of arain
damaging and g ain output

Dependence of the amount of g ains, released 1in
th eshing, on & paticula va 1ety af g ain may be
characteri-ed by worl e penditure required fo th eshing tte

gy ai1ns Th eshing a haid th eshable +heat va eiety 1s



twice as great than in the case of an easily threshable
type Ha d th eshable g ains such as, foo evample ba ley

requuie a longer action of asp ba and the basic sepa ation
of g ains, thesefo e, occu s 1n the end section of concave
swrface -~ that 1s within a sho te pe 10d of time than 1n
the case of easily - thieshable grains In conseqLence a
less amount of grain e nels 1s able to be shifted th ouagh

the concave su face

The effect of moistu e of mate 1al on the amount
of thieshed g ain le nels 1s conside able l1n damp mate 1al
the values of the coefficients of f 1ction o+ st aw and
grain against steel, as also between the stalls thenselves
a e, as 1s lnown, higher than that of d y material owing to
the highe adhel ence of damp mate 1al to rasp ba s and the
concave, the layes becomes mo e e=tended the number of

strobkes o+ ) asp-ba s against the stalls being edulced

Addition of green matte to th eshed g ain males
difficult the +Falling of giains th ough the g ain laye s
onto the concave sLface and :n addition, the g een stalls
and leaves crushed by the asp-ba s exude a Juice of
speclfic visoid proper ties, which also tends to redice the
si1fting of grains th ough the concave sieve In effect

gra:n losses a e 1nc eased

16
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Fig 4 presents an e.ample of sLch losses obtained
tn labo ato vy esea th conditions F actice,as well as
gsea ch clear ly and consistantly aindicate that with a
eduction 1n the length of the ea stalis, the amount of
eleased g ains sifted th ough the concave 18 1nc eased
This is easily evplained by the fact that i1in th eshing s.ch
material the numbe of st oles of rasp ba s against the ea s
1s 1nc eased which facilitates g ain penet ation th owagh t e
mater 1al layer 1i1n the worlirg slat Maintenance of tte

dr ection of motion of shoyte ea stalks, on the othe hand

1s mov~A diffictlt than 1n the case ot laye stalls At the
same time, howeve the amount of add:itions i1n the fo m ot
chaff, sho t st aw stibs and othe impu 1ties s1 fted
togethe with the grain th outgh the convave 1nc esases, a

c1 cumstance which males nno e diffictlt the subsequent

cleaning on sieves

Lrum diametey effects the qrantitative capacity of
si1fting of g ains th ough the concave A small d um diamete
(23) mm dia) the stalls mean i1nlet speed to the worbi1ng sl1t
15 lowey than 1n diums of g eate diamete ( 200 —~ 1292 mm
dia ) at an unchanged periphe: al speed ot rasp-ba s As a
esult of this 1n the 1nitial moment the ea stalks a e
threshed more i1ntensively by smaller d vms (g eate nLmbe

of st oles of asp—bars against the stalls)

18



With an increase i1n feeding, theve occwi s a highe
accelsy ation of the g ain laye 1in the wo }ting slit with a
small drim diameter than with a gl eate As a1estit, the
time of action of i1asp-ba s 158 shovten which, in

consequence, reduces the amount of threshed and sifted

g ains With a gieates d um diameter and an 1dentical
length o+ concave surface, on the othe: hand, a eve se
phenomenon occu s causing an i1nciease in the amount of
si1fted g ains F om the above 1t follows that bette

thh eshing can be achieved with drums of 1elatively 1la oe
diameter s However an i1ncrease i1n the drum diamete at an

unchanged length of the concave surface inc eases the
si1fting capacity ot g ains only to an 1n51un1+1ca9} e tent
An 1ncrease 1n the dium diameter theiefo e eqguires, an

appropriate increase 1n the lergth of the concave sutace

Investigations of stationa ¥ threshe d Lms
indicate +that the pulling—-in capacity of unshielded (open)
d ums 15 bettey than that of the shielded (pai ticula v
circular) diums In the latte the wowvting width of the
slit 1s confined not only by the su face of rasp ba s, bt
also by the sheet metal drum casing Satisfactovy th eshing
with a shielded ci1 cula drum i1equl es, even 1in systems
used 1n stationary threshers, a unifo m , even delive y

For this i1eason, 1n combine harvesteis, 1n which the

direction of feeding 1s different and the feeding 1tself is



not wuwunifoim, this pa ticula type of d tm 15 not often

emp loyed

Operational efficiency (d vms o ain oLtpet)
depends, to a substantial e<tent on the speed and unifo mity
of feeding of the worling slit with a determined amount of
grain 1i1n a ctnit of time Fo e~ample, i1nvestigations of a
combine thyeshing vni1t, whose standa d outpLt amounts to 8 *
lg/sec, showed that 1n th eshing wheat delive ed 1n a
uniform laye by means of a hand conveyer with a speed ot
3 m/sec twice as high grain ottpct was obtained, with
underthreshing lowe than 1 per cent with a teedina speed
of B m/sec q =& lg/sec was obtained, whe sas at wvp
m/sec, g = T7lg/sec was achieved, with vuLnderth eshing
diminishing with an i1nc ease 1n feeding speed This 1s

e plained by the fact that with an i1nc ease 1in this speed

the grain laye delive ed becomes thinne and 1s the efo e

more acce ately threshed

2 4 Classaitfication of threshing

Thheshing of 11ce 1nvolves separatina the a ain
f om the panicle btt not emoving the husl Th eshing 1s
narmally done afte the g ain moisture content has eached
13 to 17 per cent, alithough combine ha vesting, which
involves cittting and th eshing 1n one ope ation, 18

1 ecommended only at moisttie content of 2( pe cent o



g\ eaten A wide vaiiety of methodes are employed, but tithey

can be classi1fied genei aly as follows

2.4.1 Manual

(a) beating heads against a tub, laddes o sc een,
(b) hitting the 11ce with a flarl o sticl,
(c) t) eadang

(d) pedal thy eshe

2.4 2 ANIMAL

a) tyeading,

(b) drawn 1lmplements

2.4.8 Engine power on mechanical threshing
(a) drum oo cylinde type,
(b) t eading with tractors,

(c) sty 1ppers

In selecting a thh eshing method, the i1ntended

Lse

of st)aw must be considei ed Thi eshers 1n which the st awv

passes thiough and 1s brolen or chopped aie unsuitabile

14

the stiaw 15 to be used for 10pe, mats oo othe indesti ral

pLrposes In this case a head thyiesher, such as the pedal

o automatic thi esher s of Japan, must be used



When planning the fietld layout and selecting a
method of thieshing, considel ation shou.ld be given to the
wort vequired to gathe and +tianspoirt ace to the th eshe
Chancello (19+3) pointed out that gathe 1ng and t anspo t
opeyr ati1ons we e major factors effecting the ove all ate of
thr eshing He made a deteailed analysis and conclided that
concentration of the unthi eshed 11ce at the cent e of a
field 1equr es only half the t anspo t distance of
concentration on one cornei As the shape of the Ffield

becomes mo e elaongated, the t anspoit distance 1nci eases

2.5 Manual Threshing methods and equipment

2 51 Beating rice heads against a solid object

A primitive and vyet widely uvsed method of
th eshing 1s to beat 1ce heads against a solid obiect such

as the edge o side ot tub oy an open bamboo + ame

In Thailand, a common method of th eshing 18 to
grasp the base of the bundle between two sticis 8 to 4 cm
long and beat 1t against the g ound This p 1nciple 15 used

in the Phalippines also, but the grain i1s brought dewn on

stone A vai1ation of this method 15 to hit the giain
against an open table made of bamboo poles Five to eight
blows are usitally equuied to emove all the g ain

(Chanreller, 1961 )
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FPig .5. Modification of the threshing
tub, in which a wooden grating (ladder) is
added inside the tub and the heads are beaten
against it. A screen is usually added to
catch £lying grains.



A large woven baslet may be employed and the g ain
beaten against the sides Fouww to si1r» wo le s may use the

bast et simultaneously

A tub 13 cmmonly tsed Ffor th eshing It 1s
caviied into the field whe e woylte 5 anathe bundles and
strile them on the edge of the tub The i1mpact loosens the

grain and 1t flies i1nto the tub A screen p events loss of

grain

A va i1ation of the tub method 1s to place a wooden
grate 1nside the tub and 1s tsed as an i1mpact device as

shown an figLre S

In Fhilippines the hanpasan 15 Lsed It consistis
of & slatted platfo m aboct 1 5 m above the g ond 1t 15
open underneath bLt a mat 1s placed oves the g oond to
catch the g ain It 15 ope ated i1n a mannem simila to the

threshing tub

Chancelle: (13=1), 1n an analysis of tte above
th eshing system, obsei ved that the e a e three places whe e
energy 1s abso bed Me awxr 15 fanned by the bundle as 1t
1s moved at high speed Ene gy losses a e a eate ~hen
the bundle 1% held between long sticls, becaLrse the speed 1s

highe Secondly, when two bodies collide, the soften one



absorbs most of the energy Therefo e, 1f the bundle 1=
flailed against a pir1le of g ain, anothe: bundle o 3
flexible baslet, absorb most of the enel gy The third
portion of eneigy goes i1nto the g ain being flailed and 1s

the energy which produces the desired threshing action

The 1 st two foims of ene gy abso ption must be
minimised for efficient threshing The second +ovm can be
minimised by pioviding a ) i1gid obtect +fo impact Small
bundles will produce less cishioning effect

2 5.2 The flail

A second type of mannual threshing 1s to beat

prles o bundles of 1ce with a stact ) tinged device
generally refered to as a flail These devices are simple
in principle but the woirk is slow and aidiovs Undes

unfavourable conditions, & high percentage of the grain may

be i acled

2.5.3 HMannual Treading

Repo ts of thyeshing by mantal tieadino have been

| ecei1ved f om rlhailandy, the Fhilippines, Ceylon and
elsewhere This method tnvolves spreading the 1 i1ce an
th eshing floo s o1 mats and 1ubbing the 1ce heads by

walling over them until the g1 ains aie loosened In the
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Fhilippines, a system has been advised where the 11ce 1s

disty ibuted on a slatted bamboo plat+foam and t ampled bv

bumans As the gi ains are loosened, they fall into a mat
below The chaff i1t blown away and only the heavier »1ice
grains ave collected This method 1s slow and 1nefficient

Ther efore, 1t 1s used mostly for threshing small qrantaities

of rice

2.5.4 The pedal thresher

The drum type pedal thresher consists of a dium o
cylindesn diiven by a foot opereated pedal at a speed of o
to 40@ r pm Where theme 15 a ma tet +to 1lona 11ce strau,

this type of thiesher 15 advantageoLs EBoth one and two man

models are avallable The ciop 1s threshed by holding small
bundles, head +f11st, against the i1evolving d um The
bundles, mLst consist of stems of appro:imately the same

length, with all the heads at one end This 1s difficult to
attain with some ha vesting methods, particulas ly where the

chop 15 badly lodged M ranging the bundles often 1equiies

more labow than the actual th eshaing

These machines are pol table and 1ne pensive The

average weight 1s 35 to 7t tg The outptt 15 aboct 1S5

kg/h
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2.6 The use of Animals for threshing

2.6.1 Treading

Rice 1s often th eshed by tieading with animals,
ol with animal di awn sleds oo 10lle s of vaii1ous pattelns
The ciop 1s spiead about 45 cm deep on the level floor and
the animals ae d i1ven asound on 1t The st aw 1s then
shalen and loassed aside and the g ain and chaff a e

gathel ed for wainnowing

This method has the advantages that tamaled g ain
presents no difficuliy and the g ain 1s seldom damaged
particularly 1f a suficient deptr of straw 15 naintained
Since practically no equipment 1s requ: ed, the costs ae
low, but divt f om the earthen th eshing floo and animal
e coeta are m1 ed with the g ain The st aw 1s buiised
which males 1t more palatable for animal feedinng The

average 1 ate of wort 1s app o<«amately 140 tg/h with one par

of bullocts

Before this method can be employed a threshinag

floo must be constiucted All vegitation 1s emoved and
the surface levelled The size ranges fiom 10 to 3 m 1in
diameter A mixtwe of mud and animal mannure 1s applied

to the surface and allowed to d vy This mixtw e 15 repo ted
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to resist cracling, which would occune 1f the st tace we e
prepared with mud alone In some cases a concrete su face

may be used

Chancellm (19£1) i1nformed that in Thailand
bundles weighing 12 to 16 kg ave tied with long rice stalls
twisted together to foirm a ope A group of bundles 1s
placed 1n a cuicle with the heads of the bundles vpwa d and
the Sty aw rope bindings are cut Usually 21 to 3 bindles
are placed on the th eshing flooyw at one time but the numbe
may vary considerably Some fairmers place a given numbe
of bundles pei animat but othe s always place the same

number of bundles and vary the treading time 1n accoidance

with the numbe of animals used as shown 1n  +1g F The
animals a e driven around ove the i1ce fo ap o i1matelyv
orne how Sometimes one di iver 1s used foi each pa: of

animals and at othew times la gey g oups o+ animals are
contiolled by a man with a adial ope After one how of
——tiampling the animals a e led off and 1 ested The animals

retwin and the piocess i1s repeated sever al times, until altl

the grain 1s thheshed and the st aw removed This method
using an average of thiee animals and an equivalent of
three ftll-time men, produices an average of 443 }a/hod

It 1s 1mpo tant to have sufficient depth of stiaw at g ain
covering the thieshing floor at all times, otherwise

excessive c acking may restlt



2 6.2 Animal drawn 1mplements for threshing

o mo

An 1mplement similar to a disl

e animals a £ used fo th eshing

30

ha ow pultad bv two

lhe p ocerdu & s

analogous tao that used for animal t eading except that
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2.7 1

ce eals

yea s

threshing etfect 1s f om the 1mp

mals Feet

dine—powered threshers

Cylinder type threshers

hum o cylinder type thres

and pulses have been undey dev

They will have a drum or cylinde

lement ather

hing machines
elopment +o

with ba s,

(= }} wiir e loops which 1 emove the g ain f om the head

may be

2.7 1.1

threshe
heads
d i1ven)

are the

divided 1nto two basic types

Hold—on Type

In this type the sty aw does no
but the bundles aof 11ce c op are
engage the revolvaing diuvm (FPeda
The main advantages of these

iy low 1nitial cost and low powe

t pass tbh ouah
held so that

Il d 1ven /

the

than

fo
many
teeth

They

the
the

powe

types of machines

1 equl ements

1 to

2 hp 1s sufficient to ope ate most models 1he weiaght 1s

about

225 g and are po table, by manua

1 labot e s

The
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straw 1s left i1n bundled condition Little c acling s}
hust 1ng of grain occw s An automatic feedina conveye 15
used on this type of th eshe 1n Tapan 'he st aw must be

of even length and not 1n a tangled condition for etficient
ope ation These a e best where the st aw 1s to be woven
into rops, mats and other p odicts A winnowing fan 1s
usually 1nco porated i1n the automatic feeding models so that

clean ma |etable paddy is p) odiced

2.7 1.2 Straight—-throgh (flow—through?) type

Here 1 1ce crop 1n bundles o as a loose mass a @
fed thy ough the machine The g arn 1s th eshed as 1t passes
betwen a revolving cylindes and a steel g ate called the
concave, th oLgh which the g ain falls The simplest types
of machines consist only the cylinde and concave La ge

models have st aw and chaff sepa ation devices and cleaning

sieves The large machines can be eqLipped with a self
feaede If p opoe ly designed and adjusted and evenly +{ed

little cracling o hisi ang occurs ithe th eshe wilt
effectively handle tangled c ops of Lneven length The

st aw 15 sometimes b Lised o b olen as 1t passes th ouah

Fower 1equ1 ements are highe than fo machines 1n which the
stiaw doesn t pass through AboLt - hp 1s needed fo a
machine with a capacity of © kg/h A th eshe of this
type 1s heavy and must be mounted on wheels fo t ansport

The 1nitial cost 1s high, but 1t 15 capable of handling
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Flge.7. Threshing by driving
tractor with rubber tilres .over-rice

spread on threshing floor.
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layge volumes, thetefore, these machines ave often utsed on A

custum—hi1 e basis

The national Institute of Ag 1cLlie al Enginee 1ng
in England has developed a light weight, st aight th ough
dium threshe fo 1ice (Ma sden 1459) This machine has
been tested 1n Malaya and 1s now p odieced comme cially

(Gar ard, 1JR0)

The p oto—type thresher was powe ed by a small
air—-cooled engine It had a 32 % cm diamete cylinde , with
three rasp—ba s equidaistantly spaced a o nd the
t1 cumfe ence The concave was of the open wuie tvpe
Negligible b ealage of grains i1estlted + om a mipimin
concave clea ance of ® 40 cm and a d vm pe 1phe at speed ot
24 m/sec (d vm speed for rice 150 yrpm) The th olvahput
vai 1ed with th eshing conditions and was of the o de of 912
tg/hr 1n a heavy crop with a crew of tive men {ecdina tte

machine and 1emoving stiaw and g ain

2.7 2 Threading with Tractors

One of the simplest means 1n which engine powe
can be used foi threshing i1s by tsing tractors with 1 ubbe
ity es 1nstead of animals foo treading as shown 1n +fi1g 7 The
crop 18 spread out on a thheshing floo la ge enotagh to
allow the tiactor to be dii1ven over the © op mate 1al Lntil

the paddy 1s loosened fi1om the straw A haad, clean Ffloo
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15 necessa y but a conayete floo should be avoided At
least 45 cm of st aw should be maintained I+ the same
precautions a e tatlen as with animal th eshing the e may be

even less c acking and hushking

The weight of the t actoy has 1ttile effect on the
quality of the th eshing, bLt tyie piess. es shorld be low
to minimi-e damage A numbel of adjacent floo = leep the
tractor 1n constant operation When changing +1 am one floo
to anotheyn; the tracto should ope ate from cloctwise to
anticlocltwise 1n orderv to pievent a woin difte ential The
rates of worl epoy ted 1n Lylon ane with two th eshina
floo s, 42 ¥kg/h with th ee th eshing floo s, Y2 lg/h

with four threshing floovs 12892 tg/h (ta una atme, 194)

2.8 6Grain Straippers

Sevelr al machines have been developed for stripping
grain from the head Si1mple comb st i1ppe 5 have been
developed 1in which the g ain 1s detached by mannially
ptlling the head between the finge s of 21 comb lite device

(Stout, 13cr)
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2 9 Cone Threshers

In seeling a high capacity th eshe stitable +o
1i1ce and othe ce epal giains, a numbe ot 1esea che s have
ecogni1 ed the merits of a cone shaped th eshing cylinde
Friliminary ti1als have been conducted 10 a numbe (=F2
count 1es but this type of eqLipment 1s not beina

man. facty ed ( Stiohman,1J+4 )

2.19 Work Done i1n India on Threshers

Most of the developments on th eshe s we e talen
place only fo wheat thieshing Sevel al p oto types of paddy
th eshe s we e fab 1cated and tested at Alltahabad
Agriculte al Institute dwaing 14 s with wire loop type
th eshing d ums All these th esheis we @ given only ve v
low threshing efficiency when the paddy c op was havina hiagh

moistuir & content (FPacl, 13+7)

Seve al wmodels of tower +kaddy Ilhreshe s we e
evalLrated Based on these i1nto mations highe efticient
powe paddy threshe s have been designed and fab icated at
CUITPatD e (Anon, 1-0%) These paddy th eshe s we 2 highly
sulitable for d y ciops but i1nefficient to handle high moist

paddy.



A mlty cyop thheshe with asp ba cylinde s and
cancaves had been developed at Ludhiana with an ene av
consumption of = +~1 tWH/tonne of paddy, butt not popula
among fa me s The IRRI — FAl mulitr c op th eshey s based an
the spite-tooth cylindevr threshing drum constmed a highe
ene gy consumption of 10 7 FWH/tonne of paddy o t 18 also
going on & multi ci1op paddy th eshe at Bhopal inco po ating
the des: able FfeatL es of a le—- A{ftow and spile tooth

thresher s (Las, 134.8)

A high capacity paddy threshe fo1 Lsing tracto
as the powe soiice had been developed at Ludhiana at a le
flow threshing cylindevs The ovt put of the th eshe was

epoyted 1 5 to 2 3 tonnes/h All these esea ch wo s we e
car 1ed ot on paddy th eshe s to 1mp ove 1ts th eshina
efficiency These 1mp oved th eshe s ve e also epo ted

ineificient fo th eshing high noist paddy c op

In 1997, steam threshe s we e 1n uvse 1n Hiha bv
the BRi1tish plante s, who had tactol 1es atong the banls ot
the Ganga They g ew wheat on wide st etches of eve 1ne
land flooded by the 1iver A th eshe was sipplied to the

Impe 1al AgiicLltL al Reseaich Institute, Fusa, by M s

Ma shall Sons & co Ltd , Bainsbo ough, which was specially
designed +fo use 1n India It was burlt ot seasoned teal
and was mounted on laige travelling wheels which enabled 1t

to be readly moved f om place to place With a thieshing
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dum @ & m wide, 1t required a po table enaine of five hp to
dr 1ve 1t The cha acte 1stic +eatL e of the th eshe was a
double—- roller st aw choppinag appa atues by which the strax
aften leaving the th eshing-d um, was conve ted i1nto bhLsa
In connection with this appa atus, the e was a sepa ate
attachment (supplied as desi ed) f1 ed 1n + ont of the
machine which consisted of a lasge sifting middle with a
blowe woi kaing uvnde neath, designed intercept any g ain
which may have passed over with the st aw The th eshe was
fitted with a self-feeding a 1angement, consisting of
endless canvas onveyors, by which the g ain was ca ried to a
evolving barvel Ffitted with spiles, which with the
assistance of oscillating forlts fi1 ed ove heid, fed 1t
evenly 1nto the thiyeshing—dium The g ain was delive ed
1nto sacls cleaned and g aded i1nto th ee gLalities o all of
one quality, as desi ed A special d um coLld be siLpplied

foo thyeshing othe c ops, sich as paddv

This th esher was utsed fo th eshing vheat
ba ley, oats, paddy etc at Fusa The total amount of
cleaned g ain delive ed 1n ei1ght hou s was 41 to nes (oAl
and wood were used as frel on diffe ent davs rhe

const uction of coal ave aged 445 tg, and of wood S g a

day

By the eqLest of the L[evelopment Ministe of

Panjab, the fi1 st pioto—~type powe threshe +o wheat has



been develgped dw ing 1952 at Liudhiana This beater tvpe
thy esher caiy1ed out the function of th eshing, winnowing

Sever al models we @ manufactw ed in 1ar0 s which
1 evolutiony~ed the wheat thi eshaing in Fanjab and
neighbouring wheat giowing 1egions These thieshe s a e

populay ly known as Pangab thiesher (Faul, 192

2.10.1 Sherpur Threshers (Peg—-Tooth Type)

As a esult of the aintensive esea ch and
develapment work cav 1ed out at the Design and Development
Centie, Allahabad, a peg-tooth cylinde type th eshe was
developed during 14+4-€95 This machine had a th eshinag
cylinder with spikes and an aspun atoy fan to sepe ate the
Bhisa fran the grain It wo Ils on a p 1nciple simila to
the one used 1n the beaten type thiesher , developed ea lie
in Pamjab This design was much move compact and mo e
efficient eneigy utilisation Today 1t 15 estimated that
ovel 79w/ of all the power-th eshe s manutactu ed in Fanjlab

a)e those of the peg-—tooth cylindern type

In 193 the thieshers manufactuied 1n different
s1 es and with diffe ent featu es at She pu nea l.udhiana
has now mo @ or less completely repblaced the o11ginat
Ludhiana thresher 1n Funjab and 1s finding wide acceptance

1n Rajasthan, Haryana, U F , M+ and Biha (Ve ma, 1477)
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The bull~-feed thiesher 1n which bundles of ciop
are thrown 1i1nto a hopper , p ovided ove: the threshina
cylinder s 18 now popular with the fa me s , who ca 1y an

custem—thy eshing

A multicir op threshey tnown as Fusha 42 threshe
had been developed at IRRI,New Delhi It was opel ated by a 5
h p elect 1c moto and 3 persons wele engaged It was

suitable for Wheat, RBarley,Rise,Soighum etc It s outpLt was

2q/hr It consists of a cylinde of 1(153 mm length, a
concave , a blower , sieves and an elevato as shown 1n
+1g &

An all cyop Thhreshe wWith winnawina attachment had
been develaped by AFAU , Hyde abad It 15 a powe ope ated

thy esher fitted with 7 5 hp engine and Rasp-bar type dium 1s

used It can be opet ated by 4 pe sons It 15 sLitable +fo
rice , wheat , sorghum , maize and othe crops Rasp—ba
type of cylinde 18 driven bv the powe sou ce th ouah \
belt a1 angament There 1s a samiclcLlar concave beneath
the cylindewz and a feeding chute 1n + pbnht and a cove: on
top By adiusting the cylinde concave clea ence
different c ops can be th eshed with this th eshes ine

threshed ciop 1s cleaned by the blowing action and clean

g ain can be collected 1n the bags ( Anon, 1372 )
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2.1 2 Paddy Thresher

A paddy th esheir ope ated by a £ hp engine/5 Ip
motal was designed at TNAU Coimbato e 1t s ove a
lengths, width height and veight a e 22 mmn O2 mm 144
mm and +5) bg (1ncluding engine)} espectivel 1t s

stitable fo all va 1eties of 1ce and capacity 1s ~ 7% q/h

to paddy The th eshe consists of a teedini chite A
th eshang drum vith 1asp-ba s a concave sc een and a
blowel When the cyop 1s fed the beating action ot asp ba

th esheirs, g ain ¥+ om the st aw which 1= sepa ated bv iLse ot
a blower and a sieve The th eshing and J1NNO ¥1ng
efficienceis of the th esher a e 99/ & 4%/ espectively

(5 idha an et al 13r2)

A hold—-on type paddy thyeshe ope ated vith a 2 tp

moto was designed 1n FAU, Tavan. Ihe ttr eshiny d vn 1s
of wireloop type and 1ts diameter 1s 4 ¢ lhe teath ol
the cylinder 1s 75) mm A blowe: also 1s fitted Ao

sepal ating the g ain as shown 1n fig < [t s capacity 1<

2o kg/h at a c op moist. e content of 21/ (w b) It
threshing efficiency 1s -2/ A blowe 1s p ovided below the
cylinde to winnow the g ains thieshed and i1s btept at a

distance of 44 mm f om the cylinder sha+ft
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2 11 Work Done i1n Abroad

2.11 1 Axial~flow threshers

The fiist proto type engine per ed thhow 1n 1lhK]
avial Fflow thvyesher model TH 7 was designed and tested at
IRRI Philippaines in 1472 This th eshe was powe ed by a /
hp a1 cooled gasol:ine engine It could thiesh «+et paddy,

and had a thieshing outprt of 1 ton of paddy pel hou

The TH 7 thresher had a hiah 1nmitial cost and
lacked +i1eld mobility during the wet season 1t was
therefoi @ decided to develope a small po table ve sion of an
axial Flow thheshe with a th eshing capacity of aboLt 4on
g/ and a weight of less than 12 lg This po table
thheshen TH & was light emnough to be ca 1ed into et fields

by 4 operato s (than et al.19/2)

Fig 1© shows the line diag am of [hRI 1H ¢ a 1al
flow thi esher most commonly used which 1s having an output

capacity of CoY - 1099 kg/hn

2.11.2 Manually operated paddy threshers

The mechanical equipment used to mannual

threshing 18 the pedal thieshe that ovi1ginated in Tapan as

shown 1in fig 11 dwing the early stages of mechani ation
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This th eshe 15 also popula 1n Taiwan where a thieshing
team of 5-7 men woi bk with each machine fhe e 18 no cleane
with thais thy eshe: Tests at 1IRRI with this th eshes

indicate an ouput of about L21-7v +tg of paddy pe hou

Attempts have been made to i1nt oduce the pedal th eshe 1in
other Asian count) ies Howevei it has not been well
accepted In Taiwan, an output of S0-80 tg/ln was obtained

during t1al with this th eshen (A aLlla, et al 1J7+)

In the Philipplnes, laige Mccoi mic type thieshe s

are widely used fo custom th eshing These th eshe s a &
exact copies of the old threshers that wei e developed = -7

yeals ago 1n Etiope and Ame! 1ca A major por tion of the
paddy 1n the Central Luzon area of Fhilaippines are threshed
with these thyeshel s lhese th eshers a e belt d 1ven Hiom
&L __hp tractor FTO pulley Ustally a ciew ot o—12 men
oper ate these machines, which th esh about 22-2) tons ot
paddy pei day Eecause of high th eshing capacity the

machine 1s moved often, which 1esults 1n stbhstantial down

time
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MATERIALS AND METHDD§

The design crite 1a, selection

components of the th esher and erpe i1mental

presented i1n this chaptes

Requirements

The paddy thresher s available

neighboLring states aie not accepted

by terala

of

individual

p og amme

f om

becatse of i1ts high i1nitial cost, low efficiency at

moistu e level and higher st aw damage

The prima y regui ements

of a paddy

suited to the socio economic conditions of the

1)

2)

4)

)

)

7)

8)

I
-~

It should have a minimum capac:ity of 2 ¢

Initial cost should be as low as
The threshe should be simple 1n
manufactu ed locally,

The th eshing efficiency shocld
percent ),

It should not cut the straw into
Gi ain losses should be minimum,
Cost of threshing should he low,
Easy and safe ope ation,

Seed damage shoiLld be minimum,

state a e

tg/h

possible,

are

the

fa me s

highe

ith eshe

constrrction and could be

be high

pieces,

(g eate

thar

-4



13

14)

13)

The components of the thi eshey should be detachable
and maintenance should be easy,

The th esher must be duw able and eliable,

The grain winnowing facility should be the e alona
with the thy esher ,

The winnowing efficiency should be gieater than 8%
p=r cent,

The labow reqiu ement should be as low as possible

and

Fower consumption shoutld be as low as possible

Feeping the above 1equirements i1n mind, outline ot

the technical pyogi amme (plan of study) was made as follaows

a)

b}

c)

A Paddy thieshen with difterent thieshing systems 1is
fabricated and operated at vaiying crop conditions
such as length of the cyop, density of the c op,
variety of paddy, matu 1ty of the crop, moisture
content of the ociop and time of thv eshina afte
harvesting

Thireshing efficiency, winowing efficiency and c op
handling efficiency at high moistiie paddy c op 1is

dete: mi1ned for the available thiyeshers as per RNAM

test code

The thresher parameters sutch as method of th eshing,
pet iphet al velocity of the 1otating components,
combination of different threshing systems with

1ncorpol ati1on of new threshing elements 1s studied to
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optimise the co i1ect conbination of the pa amete s
fo ma<imum efficiency
d) BRased on the results a new threshing system 1is

fab 1cated and tested for high—moist paddy c op

3 2. Limitation of available paddy thresher

Field evaluation of the available paddy th eshe s
namely 7 S hp flow through rasp-bar type , and € hp a 1a
flow spite—tooth type thieshe s weie taken uvp at FCAET farm
Tavanuw as well as at the farme s fields a ound Tavant
F om the +i1eld obseivations , the a 1al flow spile tooth

threshe ( TH 8 Model ) gave bholen st aw and as such 1t asas

not accepted by the local faimey s

Fiom the trials 1t was found that the asp ba
paddy th eshei ( 5BI Male )} gave acceptable pei fomance +fo
dry and short paddy crop When the crop length and the
moisture content 1nci eased beyond some limit choclaing ot the
crop in hetween the cylindes and concave was obse) ved The
long paddy c op has shown a cha acte istic of winding a ound
the rasp-ba cylindel and thus needed fL the modification
The observations f om the trials we e recoided along with
the 1limitations of the threshe s +fo opey ating i1n the

faimen s field
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3.8 General Layout and Details of Threshing

The newly develaped th) eshers has the following

wvnits

1) Threshing Cvylinder

2) Cylinden Cove and Fi ame
3) Rlowel

4) Frime move:

5) Powe Transmission System
3 4 Threshing Cylinder

Four types of threshing cylinders are fab i1cated

and tested

a) Rasp—-bar Type Cylinder

b} Spite-tooth Type Cylinde

c) Spiral Type Cylinde (Single duectiocnal)
d) Spi1y al Type Cylindei (Double directional}

3.4.1 Rasp-bar Type Cylinder

The cylinder 1s made by fitting 2 M S 1ngs of
emm thict and 25 mm width at both ends The rings are
covered at the c1 cumfe ence with M § sheets of 14 gauges
and 1t 1s tlosed at both ends with the same sheets Th ee
nos of rasp-bais ave fitted on the ci1 cumfe ence at equal

distances The cast 1iron Rasp bars are fitted on the
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Ptate I Rasp-bar Cylinder

Flate II Spike-tooth Cylinder






c1 cumfer ence on channel of S5 mm wide, 22 mm heiaht and

om thicl

The shatt passed th ough the centve ot the d vm 1s
&12 mm long and 85 mm diametel The distance between
centies of the bearings 1s 345 mm The effective d im
diameter 1s 349 mm and length of the drum 1s o2 mm The

width and height of the hasp ba a e 43 mm and 2S94 mm

| espectively The length of the d um 15 made 1n such a wav

that one paddy shieve can pass through easily Une mo e
11Nng of the same si17e as that ot 1i1ngs a e fittea at the
centie, to support the HRasp ba A1l the ings ava
sLppoy ted by 1e-inforeting rods Since the asp—ba s a e
bolted on the cucumference ( fig 12 ), 1t 18 easy to
eplace when 1t 15 worn out Slots a e p ovided at the
shaft end to accomodate the pulleys fo powel t ansmission

and beaii1ngs a e also piovided at each end of the sl aft

(Flate I )

3.4.2 Spike—-Tooth Type Cylindey

The construction of the Spite—-tooth ecylinde 15
made vezy simple as tollws Th ee 1ngs of mild steel (21 5
mm width and 4mm thict) havina 21% mm diamete 18 made On

the ci1ycumfer ence of the 11ngs five M & flats (25 mm width
and & mm thicl) are bolted at equal spaces Bolt s1 e 1s

1> mm diameter, and 40 mm long The 1i1ngs ase welded to
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the bushes provided through suporting rods of 12 mm diamete

rods The btshes aie spot welded diuvectly to the shatis to
\

make the construction easier The bushes ai e made from M S

pipes of 2 mm I D and 34 mm O D The length of the bushes

are 3@ mm Seven splles are Ffitted on each of the

circumfer entral flats, at equal distances The spiles a e

made of © mm dia M S rods, thieaded for a lenath of 32 mm

for tight fitting The length of the thread 1s made Longe

to adjust the concave clearance The clearance may be
adjusted to 22 mm by loosing and 1e~fitting the nuts The
total length of the spike 1s 8v mm The length of the divun
1s 32® mm Two beaiings aie p ovided at both ends of the
drum The centre to centre distance of the bea i1ngs are _-°
mm and the shaft length 1s &1 mm as shown in fig 12 and

Flate II

3.4.3 Spiral Type Cylinder (Single Directionatl)

In this cylindes thiee rows of spuials a e fitted

1in the same direction The fab i1cation of the dium 1s as
follows All the thhee 11ngs of 265 mm diametes 1S made
from M S flat of 31 5 mm width and 4 mm thaict i1t 1s

welded to M & bushes of 3¢ mm long having 20 mm I D and
34 mm 0D thhough suppoyvt pipes (M1ld Steel pipes 21 mm
0D, 3 nos) The ri1ngs aie connected by & nos of M S flats

of 23 mm width and + mm thicl The flats and ings are
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Plate II1 Single [xnyectional Spairal Cyl:inder

Flate IV Double D1 ectional Spairal Cylinder






Flate V Construction of Spiral Cylinde
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bolted by 1® mm M S5 pnut and bolts Ilhe sp1 als a e
connected through the one flat and opposite ends holes o+t
adjuscent flats as shown 1n fig 14 Fo making spr al d um
the M 8 flats of 21  mm width and 4mm thact a e bended 1n
to spural form ( 2 Nos to each row) M S ods of + mm
dia and 4 mm length are welded at a distance ot 12 mm on
the top spi1 al flat as shown in the fig 14 The const Lction
of the spiral cylinder 1s shown ain Flate V One spiral +lat
18 welded on the othe giving a gap on one side to 1nc) ease
the efficiency of the drum The length of the d um 15 32

mm The cent e to centre distance of Xhe bea 1ngs 1s

379 mm and the shaft 1length 1s Ao mm ( Flate II1 )

3.4.4. Spiral Type Cylinder (Double Directional)

Here double directional spirals are p ovided
a)ound the cylinde Three numbey s of cloclwise spirals and
three numbeirs of anti-clociwise sp1 als are provided as
shown ain fi1g 15 These spi al shaped asp - bas a-&e

e«pected to give a Ltniform load ( Flate IV )

3.5 Cylinder Shaft

The cylinder shaft diameter 15 235 mm and length 1s
510 mm V-pulleys of diffe ent diameters of 7= mm, 32 mm
181 om,127 mm, 12 om and 204 mm, a e fitted on both ends

to get diffe ent speeds foir cylinde and blowe +ov testina
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One end is connected to the prime maves and other end to the
blower. The shaft 1s fitted to the frame th ovgh batl
beai ings and casings T1he design of the cylinde shaft 1s

shown 1n Appendix I

3.6 Bearings

The EBall beaiings No 120t type a e used The
bear 1ng cone 1s fitted to the shaft thhorgh an adapte
sleeve provided with a 1loct washer and nut This
ai angement males the fitting easie The bearing 1s fitted
tight to the shaft by tightening the sleeve nut The outes
part of the sleeve 1s having tapeir which meshes the 1inside
taper of the bearing cone The outside diameter of the

bearing s &2 mm and 16 mm thicl

3.7 Concave

Ouring operation, the chaage 1s fed to the
thy esher cylinder, which run at a speed gi eater than that of
the plant mass, strile the latter and thresh out part of the
grain Simultaneausly, the dium takes up the mass dhawsg 1t
through the gap between the spile o rasp-bar and the
concave (Beatev). Giain 1s threshed out during this pi ocess

(Klenin et al 198%)

The concave provided for the thresher has the
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Plate VI Concava
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length of 22@ mm It cove s about the one thi d of the
cylainde circumference Five numbers of M & +lat ot 31 nn
width and 6 mm thicl ane kept at equal distance Rods o+t
3 mn diomete aie fitted on the flats cross wise (o the d um

a 1s at a distance of 9 mm as shown 1n plate VI

3.8 Cylinder Cover and Frame \

The side covers and top cove of the th eshing

——d um— 15 made of 1& garge G I sheet A feeding t ay of 14

gauge G I sheet 15 pirovided for feeding the c op On the
top of the tray a net made f om 4 mm ods 15 put to male
the feeding comfortable The t ay and coven p evaents the
rotating cylinde to d aw the feeding hands accedently The
t ay 1s fitted to the side cover of th eshing cylinde by
nut and bolt of & mm dia The side cover of the cylinde 1is
fi:wed to F ame In the ea side of the machine a long
guiding Cover 1s p ovided which p event the st au at g ain

escapi1ng outside

The whole fyame 1s made of angle 1 on o+ diffel ent

s1.e5 The bottom i ame 15 made of angle 1ron of size 4 mm
A 4C mm < & mm The side fiame 1s made of ° mm S mm » F
mm angle 1 on and 45 mm x 45 mm < &mm angle 1iron The

centie angle 1@ on 1s stronge ("5 mm < S mm ~ ~ mm), s1nce

the bea)ring coveis a & fitted on them o the thieshing d un
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in t anspartation The ove all diamension of the machine
has a height of 1222 mm, width of &0vw mm and tength of 77
mm The line diagram of the Froto—-type theshe 1s shown 1n

fi1g 1+

3.9 Blower

A blowe 1s piovided below the cylinder to winnow
the g ains f om st aw , chaff and dust The center to cente
distance of the threshing dium shaft and blowe shatt 1s
tept about 422 mm apa t The blower fan consists of +ou

blades made of M § sheet of 17 garge, 2¢ mm lona and 4 m

width The blades a e bolted at both ends with the anagte
1iron of 1S mm » 15 mm ¥ 3 mm si1.e The angle 1 on 1s welded
on a bush which 1s welded on the blowey shaft The s1 e of

the shaft 1s talen as 25 mm dia as the same s1 & o+ drum
shaft This makes easy of eplacing diffe ent pulleys fo
geting diffelent speeds at the time of testing of the M/c
1 e the pulieys of thieshing d um and blowe can be mutraly
changed BHeareings of No 120+ I aie fitted at each end of
the sha+ft At one end of the shaft, puclley 1s connected to

tale power f om d um shaft ( Flate VII )

e blowe casing 18 made ot 61 sheet of 17
gauge It 15 made of twa half po tions which a e connected
by nut and bolts of 35 mm long and » mm diamete {(+ Nos on

each side) The sucling of air 1s friom the openinags
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pirovided on both sides of the side cove s The blowe

exhaLst opening sives are 249 mm length and &0 mm width The

blowei is connected to the fiame vsing M § flats of 2 am

width and & mm thicl at top and bottom ot the cove

3.1¢ Prime Mover

An A C Th ee Phase, klect ic moto of one B H P
with 144 R P M 15 cannected as p! 1me movel It s
connected on two wooden pieces of Fi¢v mm long, 80 mm wadth
and 49 mm thict and slots a e piovided fo adtusting the

moto belt

The powe eqLired foo th eshe 13 measL ed bv
using a watt-mete and acco dingly one R H F moto Nas
selected The powe consumption without load and blowe was

meastred as 229 W and 1t was 250 W with load and without
blower The powey consutmption fo blowey alone was measu ed

as S5 watt which was measured by a watt mete

3.11 Power Transmission System

The power transmission system consists of V
pulleys and belts of E Section The power 15 taten + om the
motoy to the cylinde and f om the cylinde to the blower as

shown 1n fig 17 The dimensions of the pulleys a e selectied

to get the ireguired ' p m The pulleys used for powe
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t) ansmission system aie as follows

Fulley Liameter ( mm ) Crantity
76 a2
H2 1
101 2
127 2
1=2 1
224 1
The motor pulley diamete 1s £) mm The dimensions are

calculated from the following fo mula,

NI Ly = N, D,
where Ny, =1 pm of the driving shaft \
N% = requird p m of driven shaft
b, = diameter of pulley on driving shaft
Dal= diameter of pulley on driven shaft

Motoy pulley diamete 15 60 mm The length of belis a e

calculated from the following formula

1L=28d + 7T O +ﬁi ) + (_b_:_bife
d
where, 1 = 1length of belt
d = distance between the cente s of the d i1ving and
dr iven shaft
r, radiLs of the pulley on the d i1ving sha+ft
.= i1adius of the pulley on the diiven shaft



Flate VIII View of the Proto-type Thresher
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3.12 Experimental Erq?ramme }
1 .4
P
v 1

Field tests were conducted to study the threshing
efficiency, winnowig effxcie?cy and crop hadling efficiency
of high moist paddy crop. Paddy threshezs with diffe ent
threshing systems were operated at varrying crop conditions
such as length of the %rop,;density of the ciop,val1ety of

paddy ymaturity of the crop, moisture content of the crop and
4

!
1

time of threshing after§halvesting.

The threshing parametezs such as method of
threshing, pei1pheral speed of the i1otating components
combination of d1fferen$ threshing systems with
incorporation of new Ehreshxng elements were studied to
optimise the correct gcombxnatlon of the parameters for
maximum efficiency.

) |

results y a new threshing system 1s

AD Ry plpras Iy

Based on the

fabricated and tested for high moist paddy crop

[

Tests were %onductd vsi1ng the paddy varieties

¥
Triveni , and Annapw na fof three different seasons The
3

tests had done at different r pm of the threshaing

2 g i

cylinder obtained by3u51qg diffeiet sizes of pulley as
#

shown 1n tables The vzewgof the Froto-type thresher fs

shown 1n Plate VIII

S
~
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The level of moistL. e contents of the cC ap sed
fo testing we e 12 1/ (w b))y 13 3/ w b)), 14 ¢/ (4 b)
21 17/ (w b)), 35/ (w b) which was done in th ee seasons a-=
follows
a) Mundalan 1 e second (winte ) c op
(septembe / Octobe to Decembe / lanua v)
b) Funga — Thi d (5umme ) c\op
(Decembe / Tantary to Ma ch 7/ Ap 11)
c) Virippu - Fuist (Autumn) crop
(Ap 11 / M™May to Septembe / Uctobe )
The vaii1ous pe i1phe al velocity of 21 2 1+ =1
12 S and 12 B) m/s were utilised to the studv by teeping

the r p m of the cylindewm as 12 , 92 , 7 2 and *

A t nown weight of 1 g c op were talten each time

Three bundles (app o 1mately equal) were p epared ard piled

nea the th eshe One pe son fed the bindles contintotsly
to the machine and the two persons we e engaaged fo
suppling the bundles, and emoving the g ains comihg + om

th esher The thieshing time 4o each test un was eco ded

Th eshed grains were collected Unthieshed brolen ea heads
we e sepel ated from the gy ain The unth eshed earheads fiom
the th eshed bundles also we e collected These ae
seperately threshed mannualy, cleaned and weighed The fLlly
cleaned giains and partily cleaned girains we e collected
seperately and weighed The above p ocedu e

was repeated and three 1esults of set we & 1eco ded fo alt

66



Flate IX Experiments unden P oto-type Thresher

Flate X Expey 1nents vnder Proto-type Thi esher
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the combinations of cylinde speed and moistw e content ot

the crop

The threshing efficiency, winnowing efticiency ,
cyop handling efficiency and feed 1 ates were calcilated Ffo
each time and tabulated G aphs were also ploted to study
the effect of peiiphet al velocity and moistwe content on
thi eshing efficiency and capacity The e peivi1nents unde

proto—type th eshem aie shown i1n Plate IX and Flate X

3. 13 Calculations

From the analysis of samples the total gain
1nput, threshing efficiency, winnowing/cleaning eficiency

and crop handling efficiency were calcLlated as follows ,

a) Total g ain 1nput,
A~ B+ 0L +D
where & = Total grain input pe unit tine by weight
B — weight of threshed grain {(whole and damaged a ain}
per tnit time collected at the main g ain outlet
[ Weight of trreshed grain (whole and damaaced a «1n)
pel unit time coltectd at all outlets e cept +for
main gi ain outlet
D = Weight of ynthieshed giain + om all ovtilets pe

unit time
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b) Pe centage of uvnth eshed g ain

H/A X 103
Whe e H = Weight of unth eshed g ain pe unit time at all
outlets
c) Threshing efficiency = 1v pe centage of vnth eshed grain
dY Cleaning efficrency =— I/T X 1 2
whe e I = weight of whole giain pe unilt time at tlte main

g ain outlets
J — weight of whole matei 1al pe unit time at tte main
ocutlet ( RNAM, 1382 )

e) Lrop handling efficiency

= X/Y
where X = Actual c op handled 1e total f om all outlets
Y = Thearetical cirop handled

Ag~n M

“0

where A q = quantity of plant mass fed by each beate

n — r pm af beate
m = numbe of beate s ( }1lenin et al 1485 )
3.14 Power Requirement

The threshing act:ion of the d um on the plant ma=s
1s accompanied by 1epeated i1mpact on the latte and  1ts

deformation 1n the interspace of the d uvm and the concave



The total tangential foice on the beate s o spites on the
drum consists of the impLlise fo ce F| and the e tensive

¥ F
o ce
(1)

The +fo ce PI may be dete mined by equating the

impulse foice F with the change i1n momentum of the plant

mass, that is,

Pl At = aAqg ( Wy ~ ull
o1 p, = q ¢ u, - u, ) (2
where q = the feed 1ate of plant mass, lg/sec

t - the dv ation of impact S
A q the qrantity of plant mass which stffe =

impact, g
LQ — the specd of tte plant afte a1mpact /s

u, ~ the speed of the plant mass befo e 1mpact m/s

The foyvce EQ accounts +fo tre esistance to
shifting of the plant mass and 1t can be app o i1mated by

mal1ng 1t p opo tional +to the total esistances at the d wvm

pe iphery F,

- 0 em—— =]
1e P&' +pl 2)

where f = proportionality coefficient called wea
coefficaient

substituting F'J and E& 1n equation (1)
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we have P = q ( Up = 4, )

1 - )

(Flenin at _al 1-3%)

Arnold and Lale (1974) repol ted that the paowe
requirement for thieshing decieased substantially as the
cylinder diameter was increased from o “ am to o2 mn b t

dec eased only slightly between 522 mm and +Ck mm

3.15 Performances evaluation

Fepne et al 14978 repo ted that the p' 1ma vy
per foi mance parametei s of a thrushaing unilt are the percent
of seed detached fiom the non giain pa ts of the ptant and
the percent of seed that 15 damaged Two additional
pal ametei s which effect the pe formance of the sepa ating
and cleaning units ave the pe cent of seed sepai ated throuah

the concave g ate and the degee of biealup of the straw

Most of the seed damages occurs in the threshinag
unit, pyi1ilmar 1ly because of i1mpact blows 1 eceived duw 1ng the
thi eshing process Seed damage may be visible on 1t may bhe
intel val the latter type being detevminable only by
gervmination tests on with special i1nstiuments The
significance of seed damage depends vtpon the 1ntended e

for the seed or grain The Safty piecautions, Fre operating
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p1 ocedu es, Operating the engine, Maintenance and service
and storage of the th eshen a e given 1n Appendyl III, IV

Y, VI and VII )aespectivliy

3.16 Effect of operating conditions upon cylinder loss

and seed damage

tepne et al (197<) 1dentified that the tbt eshina
effectiveness 1s elated to
a) the pe i1phe al speed of the cylinde
b) the cylinden concave clea ance
€) the number of times the mate 1al passes the concave
d) the numbe of ows of concave teeth used with a spile
tooth cylinde
a) the type ot ciop
) the condition of the crop 1n te ms of moiste e
content and matL 1ty

g) the rate of which mate 1al 1s fed i1nto the th eshe

Threshirg varies widely with dii+e cnt ¢ op ani
conditions Some small seed c ops sich as the clove s a e
very difficult to thiesh, where as barley and wheat a e
generally easy to thresh Reducing the st aw moistuie

content i1mp oves th eshing , (M nold 19+4)

Cylinde speed 15 the most 1mpoytant opeiating

pa amete 1in 1ega ed to thheshing flooyv and seed damage
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Increasing the speed educes the cylinde loss butt may
substantially 1nc ease damage Susceptibility to davnae

vai1es qi eatly among different c ops

In gene at seed damage incteases as the seed

moistL & content 1s educed (lepner et al 1@78)

Reducing the cylinde concave clea ance tends to
redece cylinder losses and i1nc eass seed damage but  the
effects a e generally gathe ed athey small i1n compa 15101

with the effects of i1nc easing cylinden seeed

Incyeasing the non-g ain feed 1 ate 1nCc esases
cylind losses Inc eased feed ate tends to edice seed

damage, although the effect 1s LsLally small

3.17 Effect of operating conditions upon straw breakup

and seed separation

Increasing the cylinde speed and dec easing the
clea ances caLses mo & seed to be to ced th otgh the o ate
Increasing the cylinde speed males the laye ot mate i1al
between the cylinde and concave loss dense and dec easing
the clearance males 1t thinne Increasing the feed ate
males the laye moie dense and substantially i1ediuces the

amount of =eed ope) ation
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Neal and Coope (1+4/J) found in laba atory tests
with paddy that the pe centage sepaiation th otgh the
concave gl ate with a c oss—flow rasp-ba cylinde was eLcsd

f om 72/ to w3/ when the non gi1ain feed tate was doitbled

The amount of straw biealLp 15 1nflienced hy the
bind of € op and 1t s maturity 6t aw b ealLp 1nhc eases as
the material becomes di1er and 1s 1nc eased 1+ cylinde
speed 15 1nc eased Reducing the cylinder—conca &

clea ances genevally has no great etfect on st aw b eal up

lhe 1ncreased sepa ation p obablv occ. ed because
of the highe percentage of chaffy matei 1al p esent 1n the
non-g ain matei1al that had the highe g ain/non @) amn

atio
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RESULTS AND DISCUSSION

he results of field stidies condicted to +i1ind out
the 1imitations of the crop conditions +o the available
paddy thiesheis as well as to decide the optim m th eshe
peramete s and the economics of the paddy threshers a e

p! esented and discussed i1n this chapte

4.1 Limitation of TH 8 thresher

The dimenion of the a 1al flow spile tooth (1H

paddy th eshex 1s 177 cm length, 15 cm width and 178 cm

hei1ght The weight of the th esher 1s 4n5 ‘g It needs a
paixr of btllocis, power tillev, tracter o a Jeep to
t anspo t f om one +ta m to anothe: The avairlabirtlilty o

the tianspovt facilities and the oad condition 1n the state

leads a p oblen 101 1ts mobility

The opeiating cost 1s Rs %7/t and ite output 1t
the pady thyeshe 15 82 - 1 tg/hp which 1s conpa ative

less

In terala along with paddy the st)aw also tetches=
a good 1etuin fiom the paddy ciLltivation and as stc
distroying the stiaw wi1ll not be accepted by the +a me s

But the TH 8 paddy th esher deliveis only the b oken stiax



These limitations possessed obhstiuctions fo popL L3 1.ator

of the threshe)

4.2 Limitations of rasp-bar thresher

The dimension of the (SHI male) asp ba pada
thresher 1s .42 cm length, 12) cm width and 1+ cm height
It needs a 7 5 hp motor o & hp engine F om the t 1als th
following observations wei e made
1 Due to 1ts bullness the tianspo tation 1n the +Haa

roads of terala 1s difficult

[~ Avairlabilaity o+ pair nt bulloclts, powe ti1lle
tracto o Jeep for transpor tation 1s did41 it A A
costlie

3 Fo noymal div and shovt ¢ ops the th esher 1s found

suitable When the ciop 15 ha vested i1mmediatelv -fte

(o)

or dtring the tain the moistw e content of the whole

ciop 1s found at highey saide This leads to chochki g

duraing threshing

4 Around 1v per cent of the paddy st aw was b alen as 1t

was stbtrected between cylinde and concave clea ance

and by the beate drum

o

to wound aiound the cylinder, causing considerable
dec ease 1n the efficiency The owtprt/hp was found to

be 1 /7 |g It needs a minimun of %S labou & 5 =

opet ate the thy esher

The paddy c op having length more than +v cm was found



The above limitations of these two th eshe s a e
to be ovel come for populal ising among the +a me s of te ala
These highe hp threshers are stitable only to the g oup
fayming systems oo for hi i1ng system th ough i1ndividials o

co oper ative societies

lrhe p ototype paddy thresher which has besn
designed and fabi i1cated was i1ntended to eliminate the abo »#
limi1tations, so that 1t can be popula 1sed fo the common

faimers in the state

4.3 Limitations of hold on type pedal operated paddy

thresher

1he studies conducted on the hold on type pednl

ope ated paddy th eshel s 1eveal the followina

1 The output pe labouwr 1s low and hence sthstantial
1eduction 1n labow 1 eqLunement 1s not possible
2 The crop length of the traditional paddy va i1eties a

longer and holding the long paddy bundles fo complets
emoval of grain 1s found ve y difficult by fa me s
3 Cway f val reties of paddy ciops are also diffirult +n
holding and th eshing when the c op lenath 15 les=s than
3m cm
4 When 1lot of green matter 1s present i1n the c op the

thi eshing efficiency 15 1 educed conside ably
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4 4 FPerformance of proto—-type thresher

The tests we e condicted on the p oto type
th eshe to study the efficiencies of th eshing wirno ibo
cleaning, ciop handling capacity of the th eshe , at
dift+te ant moistwe level of the c op at the diffe ent
pe iphei al velocities of the cylinder For all the studies
the cylinde concave clearance has been lept the =ane as

mm at the ent ance, 15 mm at the thioat and 21 mm at o t

let Va 1o0us c op conditions such as length of the c op
g ain crop 1atio, wvariety of the ciop time of th eshing
aften ha vesting etec were also conside ed The th eshing
efficiency, capacity, winnowing efticiency cleaning

efficiency and crop handling efficiency were also found oct

4 4.1 Effect of peripheral velocity an threshing

efficiency with rasp-bar cylinder

The cirops of thiee seasons wele tested with the
crop molstwe content of 12 1, 13 o 14 2, 21 1 and 3~ per
cent The effect of peiriphetal velocity of the asp—b=
cylindes at 12 1 per cent moisture content (w b) was studied
and the wvalues are given i1in table @& ihe pe i1phe al
velocity taken weve 21 72, 1t S1, 12 & and 1¢ 3t m/s
When the pe ipheral velocity was low the thieshing efficincy
158 also found low (87 5/) The mavimum efficiency of SU *

per cent was found out at per iphe al velocity of ir Si n/=



Table 2 Test Results at & Moisture Level of 12 1 per cent (w b) for Rasp bar cylinder
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Sl Test Peripheral Wt of Tiee Threshed  Unthreshed Threshang efficiency (4) Output (kg/h)
No Mo Velacaty crop (s)  gran grain

(e/sec) (ka) {kg) (kg) Each Average  Ezch average
1 1 2t ® 10 T 4 560 0 920 90 40 253 41
2 2 a1 18 76 4 985 6 529 9 39 9% 49 238 35 252 5
3 3 aimn 16 ) 4 8% 0 5t6 98 42 245 66
4§ 1 16 51 10 B8 5 @29 0 590 9% 9% ees o2
5 16 51 10 9t 3 67 523 9% 9 99 &0 281 32 2e2 60
6 3 16 51 10 93 S 183 0 560 99 40 219 30
7 4 12 65 10 83 4 750 0 1% 8 68 29 W
8 2 1265 10 i) 4710 9 7% 86 70 87 3 238 54 221 @9
3 3 12 65 ) 9% 4770 o 826 83 13 215 @7
10 1 10 89 10 102 5 200 0 590 89 64 202 a3
1n 2 10 B9 10 126 5 210 & 537 %0 65 90 a0 193 18 202 ¢
12 3 1% B9 10 9 519 ¢ 538 9% 490 208 29
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Table 3 Test Results at a moisture of 13 33 per cent (w b} for Rasp-bar cylinder

St Test Peripheral Nt of Timse  Threshed Unthreshed  Threshing Efficaency (X)  Output (kg/h)
No Mo Velocaty crop (s) gramn grain
(n/s) (kg} (kg) (kg) Each Average Each  Average
1 2172 10 629 5100 0 @386 95 53 366 5
g2 2 ar e 10 6050 S o080 0 1989 9% 34 % 30 970 307
3 3 217 16 6200 5260 0 1569 97 08 N7 S
5 1 16 51 10 6300 5200 0 1322 97 2 M50
S 2 16 51 10 6226 5159 0 1425 97 31 97 4 26 0 308
6 3 16 51 19 6100 5100 0 1468 913 3100
7 1 12 65 10 3900 4% 9 0836 9% 3 0835
8 2 12 65 10 6285 5200 0 @812 9B 46 9B 40 3095 399
9 3 12 65 10 6707 5680 0 8841 98 38 89 0
10 1 19 89 10 6312 4900 0 1560 97 02 288 @

1 2 10 89 10 6309 560 0 1000 98 00 91 % 2910 2%
i2 32 16 80 10 64 08 5650 0 1210 97 66 2919




Table 4 Test Resulls at a soisture level of 19 2 per cent (w b) for Rasp bar cylinder
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Sl Test Peripheral Wt of Tise Threshed Unthreshed Threshing Effieciency (%) Output (kg/h)
No Mo Velocaty crop (s} grain grain
(a/s) (kg} (kg! (kg} Each Average  Each fAverage
i 1 21 e 10 0S5 459 0 261 %N 2m s
2 2 21 R 10 627 4608 0 260 94 65 94 60 279 6 280
i 3 217 19 610 4300 9 254 94 55 281 S
4 1 16 51 10 680 4Bee 0 287 9% 36 270 9
5 16 51 10 676 478H 0 239 95 21 95 80 269 0 210
6 3 16 51 10 660 485 0 162 97 92 21 e
7 1 12 65 10 e 4320 9919 82 45 254 5
8 2 2 65 10 ’e 42w 0 841 83 19 8 20 255 5 235
9 3 12 65 10 B0 43 1089 81 10 255 @
10 1 10 8@ 19 730 4200 0 260 83 60 249 @
1 e 10 8¢ 19 705 460 0 889 81 % 82 92 249 5 230
2 3 10 82 10 700 410 0 719 83 B4 251 5




Table § Test Results at a Moisture Level of 81 1 per cent (w b) for Rasp-har cylinder
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Sl Test Peripheral Wt of Tiee Threshed  Unthreshed  Threshing efficiency  Ouiput (kg/h)
Ko No Velocity crop (s)  grain qrain

(8/sec) (kg) (ko) (kq) (4) Each average  Each average
i1 21 ° 10 3 480 ® 586 83 10 268 0
2 2 21 R 1o e 475 e 577 89 16 89 eo 216 @ 270 @
3 3 arr 10 7213 483 @ 600 83 99 27c @
§ 1 16 51 10 B257 5690 8 241 9 7 235 @
5 2 16 51 10 8283 957 6 338 9 % 94 20 239 9 260 9
6 3 16 51 1¢ g2 e3 563 0 329 9% 47 261 5
7 1 12 65 10 | 5200 @ 30 93 53 234 23
g 2 12 65 10 B 17 95169 9 350 93 64 93 0 233 5 255 ¢
3 3 12 65 10 7569 5249 @ 360 93 97 257 80
9 1 16 88 10 8100 4930 0 4% 91 eo 231 59
it 2 10 88 16 B230 500 6 586 S8 %% 91 15 240 90 240 @
12 3 10 80 10 B3 70 5200 0 480 9 54 238 50




Table 6 Test Results at a Moisture Levet of 35 per cent (w b) for Rasp-bar cylinder

et

S1  Test Peripheral Wt of Twae Threshed  Unthreshed  Threshing efficiency  Output (kg/h)
o Mo Velocity crop (s)  gramn grain

(m/seC) (kg) (kq} (kg} (%) Bach average  Bach average
1 1 el 19 e 2608 9 159 91 5 260 5
T a1 mn 19 [H 2900 0170 9 75 91535 262 5 261 @
3 3 21w 1@ 3700 25ed 9 160 9 2 260 @
§ 1 16 51 16 3760 26od 6 200 91 @ A5
5 2 16 51 1@ 3515 2300 0 199 92 ¢ 929 235 9 233 9
6 3 f6 51 10 L B 9 180 93 00 235 5
7 1 12 65 10 W 245 9 245 91 o 2% @
g E 12 65 10 3960 2300 0 250 9f 9% 91 15 254 5 220
9 3 f2 65 19 Hed 2ol 9 240 91 54 251 5
1 1 1o 8o 19 35 1989 @ 198 9 50 243 5
1n e 10 8o 10 320 19% b 2ee 91 50 92 @ g5 0 245 @
i2 3 16 &0 19 M B 617 92 & 246 5
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The ma<«imum efficiency 18 not within the acceptable limit

This 1s because of the reason that the crop moistiL e content
1s only 12 1@ pev cent Instead of giain separatinag f om
the ea heads the ea heads aie byolen into pieces and 18

delivered reducing the threshing efficiency

When the moistul e content of the ciop was 12 o pe
cent (table 3), the maximum efficiency as -0 +/ was at
pe 1phey al speed of 12 &5 m/sec Highe: pe 1iphey al veloacitv
(21 72 m/sec) had only rediced the threshing etficiency

(3 3/)

Tha mavimum efficirency of o 4 among  all  the
moistwm e content and pelipher al velocity combinations we e

obtailned

From the table 4 , it 1s obse ved that the hiaglte

moistw e content of the ciop (19 2 pey cent) with varioes

peripheratl velocity had not i1improved the th eshira
efficiency e mavimum efficiency of <95 O pe cent at 1J4 ¢
pel cent (w b) moistwe content 1s obtained at the

periphel al velocity of 1& 51 m/sec

The observations taten at 21 1 per cent and 2% pe

cent moistu e content at vail 1ous peeriphe al speeds onlv had
the threshing efficiency between 83 and 95 pey cent (table S

and 6) When the moistey content was higher (35 pe cent)



86

the marimum etficrency was +ound at only to be -1 pe cent
and slight 1nciease 1n the teeding ate accele ated the
chotl 1ng

When the moisture content was 1ncreased + om

12 353 per cent to 3 pey cent the ma 1mum e+t+ti1ciency was
1educed fiom 90 4 per cent to J1 per cent in the case o+
1asp ba cylinde s at the pei ipheral speed of 12 +5 m/sec
Hence the rasp ba cylindeis a e p efe able at lowe
moistu e levels aound 13 per cent ( fiag lo ) with a

cylinder peripher al velocity of 18 &5 m/sec

The ma~simum output (3922 tg/h) was also tound to be
at lesse moilistuw e contents when the cylinder pe iphe al
speed of 12 5 m/sec It 1s noticed ( f1q 14 ) +that
increased 1n the moister content ) educed the outputt ot th

asp bar thi esher 11 espective of the peri1pher al velocities

4 4 2 Spike Tooth

The rasp-ba cylinder was eplaced with a =pile

tooth cylinder which was fab 1cated as given i1n o ¢4 2

leeping the cylinde: concave clearance as same The traials
were taken at wva 10us cylinde peyiphe al veltaritvy a o
meister contenis At 12 | pev cent and 12 3 pe cent

moisture content marimum efficiency was ecorded as J- pe

cent (table 7 and ©) at 16 51 m/sec pevipher eal velocaty



Table 7 Test Results at a Moisture Level of 12 1 per cent (w b) for Spike-tooth cylinder

S1  Test Peripheral Ht of Tiee Threshed  Unthreshed  Threshing efficiency  OQutput (kg/h)
Mo No Velotaty crop (s)  gramn grain

{n/sec) (kg} (kg) (kg) (%) Each average  Each average
1 1 2172 19 62 60 3 860 @ 200 93 0 239 00
2 2 21 7 10 6570 3980 0 4¢0 91 60 92 8 290 0 240 20
3 3 21 72 10 6300 4 000 9 350 92 00 241 @0
4 1 16 51 10 B3 00 4950 0 49 99 50 239 09
5 2 16 51 10 B35 5 000 9 500 91 e 91 ¢ 231 56 239 59
6 3 16 51 10 8900 5209 0 489 91 56 229 50
7 1 12 65 10 7470 47200 6 380 91 70 229 S0
g 2 12 65 19 7360 4100 359 91 31 91 50 219 50 200 50
5 3 1265 19 7640 4 300 0 409 99 50 221 50
10 1 16 89 19 88 3¢ 4 909 0 52¢ 59 59 221 oo
i1 2 10 80 10 B3 e 495 8 529 % 19 90 00 229 50 21 09
12 3 10 B0 10 88350 485 0 57 89 49 221 5o




Table 8 Test Results at a moisture level of 13 33 per cent (w b) for Spike-tooth

cylinder

Sl Test Peripheral Wt of Time  Threshed Unthreshed Threshing Effreciency{%) Output (kg/h)
Ho No Velocity crop (s) grain grain ———eme—————

(m/s) (kg) (kg! (kg Each fAverage Each fAverage
1 1 an 10 7950 5200 0 200 9% S0 249 00
g 2 2t 7e 10 739 480 0 340 93 590 94 @0 259 50 250 00
3 3 21 72 19 76 80 5 000 0 320 94 00 249 50
§ 16 51 10 BW 4800 0 260 9% 09 244 60
5 2 16 51 10 860 5ece 0 300 95 50 % €0 24560 245 @0
6 3 16 51 10 76 00 4900 0 308 9% 50 206 @
7 1 12 65 10 7660 4800 0 287 94 36 239 ¢0
8 @2 12 65 10 [ 4Tn 0 239 95 60 95 50 240 60 240 60
9 3 12 65 10 7350 485 9 102 91 e 201 00
10 1 10 80 10 8390 351600 92, 9 53 229 00
1 2 JUR: 10 8120 5000 0 1% 9% 84 95 0 230 & 230 €0
2 3 10 80 10 8350 500 8 1% 95 08 231 @0




Table 9 Test Results at a Hoisture Level of 19 2 per cent (s b) for Spike-tooth cylinder

51 Test Peripheral Ht of Tiee Threshed  Unthreshed  Threshang efficiency  Output (kg/h}
Mo Mo Velecity crop {s)  gramn grawn

{a/sec) (kg) (kg) (ka) () Each average Each average
1 1 21 7R 10 6760 5200 ¢ 83 98 80 280 @
2 2 217 10 6770 52 @ @35 98 % 99 29 282 @ 281 %
3 3 21w 19 6656 5130 0 M3 % 99 281 0
§ 1 16 51 10 6635 50 o 830 99 ¢ 214 9
5 2 16 51 10 6680 5050 0 032 98 98 99 & 215 0 274 50
6 3 16 51 16 65560 4939 9 852 98 36 274 5
7 12 65 10 6420 4 B0 9 014 99 00 270 99
g @2 12 65 10 6340 4778 0 014 98 98 99 0 272 % B %
9 3 12 65 19 6485 485 9 012 98 75 271 @
19 1 10 89 10 5B 10 43¢0 0 0% 873 269 50
1 2 10 €8 10 6f 10 4 500 ¢ 060 98 68 98 47 268 50 268 @0
12 3 10 80 19 3Bed 4 760 0 ¢36 90 00 ct6 88




Table 10 Test Results at a Moisture Level of 21 1 per cent (w b) for Epike-tooth cylinder

51 Test Peripheral Wt of Tiee Threshed  Unthreshed  Threshing efficiency  Dutput (kg/h)
Mo Ko Velocaty crop (s} gran grain

(n/sec) (kg) (kg) (kg) (Y) Each average  Each average
i 1 an 16 76 60 4 83 o 287 94 5 €39 9
2 2 2t 10 754 4775 0 239 94 8o 95 90 233 30 240 90
3 3 anr 19 7300 4B2S 0 1o2 9 9% 241 59
4 i {6 51 () 90 50 5 20 0 310 94 W 219 é0
5 @ 16 51 10 B3 10 & Be® 0 349 93 00 9 0 220 v 226 80
& 3 {6 51 () 83 ¢ 5 000 9 160 9 @ 221 09
1 1 12 65 10 8749 5 2ee 9 360 93 30 289 &
g 2 12 65 10 8586 5 166 0 350 93 64 93 0 228 @ €30 00
9 3 12 &5 19 86 83 5 240 o 269 awm 233 e
9 1 10 80 16 9% 28 O 200 o 360 e 208 ¢o
it a 10 89 10 938 5160 0350 93 @ 93 00 209 &0 210 60
2 3 18 89 19 S¢S ¢ 368 % 60 213 é¢




Table 11 Test Results at a Moasture Level of 39 per cent (w b) for Spike-tooth cylinder

81  Test Peripheral Rt of Time Threshed  Unthreshed  Threshing efficaency  Dutput (kg/h)
Yo Mo Velority crop () gram grain
(n/sec) {kq) (kg) (kg) (Y} Each average  Each average

1 1 217 19 44 ¢d 2 500 9 230 9% 50 209 00

217 10 44 50 2 49 6 200 92 00 92 060 210 & 210 29
3 3 21 19 4265 2339 8 150 91 50 211 09
4 1 16 51 10 4570 2600 9 189 31 50 219 o0
5 16 51 10 44 99 2380 0175 92 08 92 0 ge1 6o 220 69
6 3 16 51 18 4580 2 60 0 189 92 58 220 o2
7 1 i2 65 16 3781 2100 0 199 91 78 218 09
g @ 12 65 10 B 205 0195 91 38 91 50 220 60 220 00
9 3 12 65 10 4980 219 @ 200 91 5 222 60
10 1 10 88 16 4160 2482 0 260 % 59 208 00
1n e 10 82 18 49 00 2 462 0 264 90 10 90 00 2l2ed 210 80

2 3 10 80 10 48 60 2 437 o 288 89 40 210 0
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Among all the combinations fo the spile-tooth
cylinder the ma imtm efficiency of 44 pe cent was obtain A4
when the moistu e content was 14 2 pe cent witah cylirde
periphel al velocity ot 1+ 1 m/s (Fig <L) This also aqa =

the ma i1mum outptt of 274 % lta/h (table 4 and Fig 21)

When the paddy ¢ op with moistuye content of o1

pe cent and 3J% pe cent we e tested wv1th spite tootf
cylarder only eduction 1 the th est1 7 e 1 rc
obse: ved The octpLt was also educed (table 10 and 11)

4 4.3 Spiral (single directional)

The cylinder with single di ectional spi1 al je B
faby 1cated as discussed 1n 3 4 3 and tested +to 1t s
per for mance with aintension of utilizing & vuvnifto m load
dering thieshing Eut 1t was found that single diivectional

spur al g adually conveyged the ciop to one side and choling

was observed

4 4 4 Spiral drum ( double directional)
To 1mpound a umifoim load on the c op a dol &
directional spiral cylinde: was fab) 1cated as shown 1n

2 44, and tested Test results a e shown 1n table 12 to

table i It 15 found that the umiformitvy 1n  ty ansfe o+



Table 12 Test Results at a Moasture Level of 12 1 per cent (w b} for Spiral (Bouble directional) cylind

Sl Test Peripheral Wt of Tiee Threshed  Unthreshed  Threshing efficiercy  Output
No o Veloraty crop {s)  gram grain SEE—— e
{@/sec) (kg) (kg) (kg} (%) Each average  Each
1 1 g1 7 1@ 7940 4650 8 710 84 9% 243 @0
2 ar 10 7850 4§ 609 @ 720 8520 8 @ 244 89
3 3 2172 16 76 80 4 359 o e B4 9 243 @0
4 16 51 10 T1¢0 4750 0 706 86 90 235 99
5 i6 51 16 7690 4 760 0 66 86 90 87 %9 £36 00
6 3 16 51 10 7110 469 9 755 87 20 254 60
7 1 12 65 16 BW 4750 9 7% 83 68 £33 @
g B2 12 65 10 79 47Ti@ 9 79% 86 70 87 50 257 @9
3 3 12 65 10 799% 47T 0 826 88 13 232 09
1 1 ie 80 10 7680 4639 0 706 B 90 231 89
n 2 16 80 16 B0 4§ 700 0 766 86 98 87 ¢éo 232 89
12 3 10 80 10 7100 46599 0 750 87 20 233 69




Table 13 Test Results at a Hoisture Level of 13 33 per cent (w b) for Spiral (Double directional) cylinder

51 Test Peripheral Kt of Tine Threshed Unthreshed  Threshing efficiency  Cutput (kg/h)
No Velocaty crop (s} gramn grain

(a/sec) (kg) (kg} (kq) (4) Each average  Each average
1 1 21 72 10 e 465 o 710 84 99 244 75
2 2 21 2 19 B2 60 4600 6 100 B3 20 85 00 245 75 235 06
3 3 21 72 19 Bleo 4550 o 740 84 30 295 @@
4 1 16 5§ 10 !|es 4850 0 46 87 50 268 08
5 2 16 51 10 7850 487 0786 88 50 88 &2 261 09 262 00
6 3 i6 St 10 8¢ 4870 @ Bi6 28 ¢o 265 00
7 1 12 65 10 7300 4§ 600 8 786 86 @0 262 99
g 2 i2 65 10 e 465 0 766 8 50 86 56 264 20 265 @0
9 3 12 65 19 200 4 ced 0 730 87 &9 232 @
10 1 16 8o 10 7323 45 0 760 8 50 234 29
1 82 10 8o 16 7350 4600 o 760 ] 8 @0 L ] 255 80
12 3 16 86 10 7460 43 0 760 B3 23 235 60




Tahle 14 Test Results at a Moisture Level af 19 2 per cent (s b) for Spiral{(Double directional) cylio

Sl Test Peraigheral Ht of Tiae Threshed  Unthreshed  Threshing efficiency (¥} Cut,
o Mo Velocaty crop (s)  gramn grain -—
(a/sec) (kg) tkg) {kg) (%) Each average Each
1 1 217 16 e 4760 0 79 87 39 2%
2 2 2172 10 740 487 o 780 e3 eo 83 00 277
3 3 a1 to 74 ¢ 4 870 9 820 €3 50 21
9 | 16 51 10 63 48 4 200 0 52e % 50 &6
5 2 16 51 10 7000 485 ® 529 90 18 89 08 an
6 3 16 51 16 6920 47D 8 5% 89 40 28
7 1 12 65 10 080 465 o 786 86 90 269
g8 2 12 65 10 Meéd 4700 0 766 8 90 87 %9 27e
9 3 12 65 10 280 46% o Toh 87 7 269 |
0 1 10 B0 19 7300 4 o 796 86 50 268
1 2 10 B 18 7106 4 600 0 %60 86 @ 86 0@ 267
12 3 10 £o fo 7020 453 0 0 g8 2o 264




Table 15 Test Results at a Moisture Level of 21 1 per cent (w b) for Spiral(Double Direction) cylinder

St Test Peripherat Ht of Time Threshed  Unthreshed  Threshing efficiency(%) GOutput (kg/h}
No Mo Velority crop (s)  grain grain -

(a/sec) {kg) (kg) (kg) (4) Each  average Each average
1 1 21 % 10 6300 4 939 6 499 91 & 301 59
g @2 el 7 10 6400 500 ¢ 500 90 50 91 @ 302 00 302 60
3 3 21 7 1@ 63 5¢ 5 200 ¢ 480 91 50 302 59
4 i 16 51 10 %20 46800 0 260 91 @9 320 @9
5 2 16 51 16 3460 4600 6 380 %2 @ 92 09 321 00 302 06
& 3 16 51 1@ 5384 4 500 ¢ 369 93 0 325 00
7 1 12 65 10 6160 493 0 450 91 % 310 €0
8 12 65 18 66 60 5 000 ¢ 500 91 50 91 3¢ 312 ¢ 312 e
3 3 12 65 10 6510 5200 0 480 92 @ 314 @
18 1 10 8o 10 62 60 4 830 @ 2o 91 @ 301 50
" 2 16 B0 10 6270 4989 0 370 91 50 91 ¢0 392 50 302 o6
i2 3 10 86 10 623 5100 0 350 9% M 362 0@
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Table 16 Test Resulis at a Hoisture Level of 33 per cent (wb) for Spiral(Double directional) cylinder

Sl Test Peripheral Wt of Tice Threshed  Unthreshed  Threshing efficiency  Output (kg/h)

Na Mo Velac1t crop (s)  grain grain

(n/sec) (kg) {ka) (ko) (%) cach average Each average
1 1 21 R 10 2300 1980 0 150 92 50 334 00
2 217 19 2400 19% 9 229 91 50 92 e0 337 @ 335 ¢9
3 3 21 % 19 2350 2100 0 185 92 00 36 00
¢ 1 16 51 19 8369 2600 0 159 94 50 333 00
5 16 51 19 2% 240 ¢ 179 93 5 94 90 340 90 340 04
6 3 16 1 10 2980 2500 9 320 94 00 341 @0
T 1 12 65 10 3090 2450 @ 300 93 @@ 337 00
g 2 12 65 19 31 00 2400 @ 178 93 39 93 590 333 0 338 %
9 3 12 65 19 3060 2500 0 320 94 90 339 00
10 1 1¢ 89 10 315 198 0 158 92 50 835 50
1 2 10 8o 10 305 19% 9 228 9 50 92 80 33 Se 335 00

12 3 10 80 10 245 20 017 92 e 335 ¢9
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Table 17 AL velocity at va 10s blower speeds

51 No Blower speed ( pm) Air velocity (m/sec )
i 20150 £ 5

(= 1720 75

3 1FS0 35

4 1280 4 3

al 1070 4 4

= E70 2 7
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the 1load was obtained when the moistL @ content was
increasing fiom 12 to 35 pe cent , the th eshing efticiency
was also 1nc eased and was mavamum of 4 pe cent at
moistw e content of 3% pev cent (table 1+ and Fi1a 22) Ffo
the doLble directional spuial cylinde s the 1nc ease 1n the
peripheral velocity 1nc eased the oLtput 1 espective ot

moistu e content and the ma<imum oLtput of 242 tg/h sas

obtained when pevipher al velocity was 1 F1l n/sec 1a
23 )
4 5 Cleaning efficiency

The cleaning efficiency 1s an i1mpol tant pe ameter
to be studied +to thresher cum winnowe s The p oto tvpe

paddy thresher which was fabi icated with the i1ntension o+

eduction of weight and si-e was not p)yovided with stiaw
walle s and o) a1n sieves Hence the cleaning efticiPncy wac
nat found out Only a blowe has been desiagned 131d

taby 1cated as given 1n 2 3 The wind velocity with diffe ent
speed of the blowel 15 given 1n table 1/ The blosei Was
used only to thiow the stiaw away + om the g ains [he
thheshed g ain was found to have the chaf+ and hea 1e

foreign materials and sepeyate winnowing was toL nd

necessal y The sepairation of grains f om the stias was

achieved by using the blowes
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4 6 Comparison of rasp-bar, spile tooth and spiral
cylinder
4 6 1 Threshing efficiencies
\

It was fouvnd from the tiials with 1asp ba , spile

tooth and spiyal cylinde s, the marimum efficiencv of 40 4

per cent for the asp-bar at 13 o pev cent moistL e level
When the moistw e content was 1ncieased to 14 & pe cent
the maxaimum threshing efficiency ot Y2 pe cent could bLe
achieved by using spike—tooth cylinde When the moistu e
content was 1i1ncieased fros 19 2 to 21 1 pe cent 1ibhe
maximum thi eshing efficiency of I3 pev cent obtained + om
spi1le—tooth cylinder was only compal able to the efficiency
obtained by asp bay cylinder (94 2 pe cent) When the
mol1sture content was 1ncreased fiom 12 1 pey cent to &1 4
pe cent , maximum efficiency was obtained onlv 1+ om 1 asp
bar and spite—-tooth cylinder But when the moisture conte t
was 03 per cent both asp-bar and spile-tooth cviinders h d
only a low threshing efficiency of 42 pe cent compa ed to
the 34 pet cent obtained by the double di ectional spi al
cylinder It 18 evident that fo highe moi1stL e content
(above S per cent) , double diiecto al spi1 al cytinde s
will be employed to 1ncyease the thieshing etficiency

copared to the 1 asp-bar and spiFe—-tooth cylinder s
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462 Out put

When the output of the p oto-type th esher o
each of the 1asp-ba , spite tooth and double di scto Al
sp1 al cylinders wer e compa ed It was found that mazimum
o.tput of the thiesher was also reco ded only durinag 1ts

marimum threshing efficiency The ma imum outptt o+ o4

kg/h was obtained even at 3% pe cent moist. e content { om
the double directoral spiral cylinde: compased to S 9 ta h
fo rasp—ban cylinder and 221 Lkg/h fo spil e—tooth

cylinders

4 6.3 Crop handling efficiency

The actual © op handled pe hou , theo eticat ¢ op
handled pe how and c op handling efficiency we & compa ed
fo the rasp—bai , spike tooth and double di ection sp1 al
cylinders at the ma imum moistw e content levsel ot I3 pe
cent The changes 1n the ciop handling efficiencv Fo
change 1n the peyiphelral velocity wele also compa ed fo tte
8 types of cylinders The whole ciaop handled pe hou to
allt  the fow peripheral velocities weye found highe {io
double diuiectional spnal cyllindes This 1s 1ilso 1n
accor dance with the maximum threshing e+ficiency and highe
output at 35 pe cent moistL e content obtained fo doub le

directoy al spiral cylinde s
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Table 18. Test results of crop handling efficiency for rasp-ba

cylinder at 25 per cent Moisture content ( w b )

Test Crop Time Peiiphesal Actual crep Theoretical Crop handling

No weight taken velocaty handled crop handled eftficiency
(Lg) (s) (m/s) (tg/h) (tg/h) (pey cent)

1 ie =13 21 72 1000 4380 20 00

2 10 37 16 51 973 3218 25 50

3 19 as 12 65 923 2905 31 70

4 10 32 16 26 1125 2430 45 10




Table 19 Test 1esulis of o op handling efficiency fon spibe—-tooth

cylainder at 35 pe

cent Moisture content ( w b )

Test Crop Time Feripheral Actual ciop Theoretical C op handling

No weight taken velocaity handled ciop handled efficiency
(Lg) (s5) (m/s) (bg/h) (rg/h) (pe cent)

1 le 43 21 72 837 g292 16 ®0

a2 10 44 16 31 g1e F357 12 50

3 1o 40 i2 &5 glolol 4037 18 &0

4 16 438 1@ Be 750 4145 18 oo
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Table 20 Test results of crop handling efficiency for spiral
(double directional) cylinder at 35 per cent Molsture

content ( w b }

Test Crop Time Peripheral Actual crop Theoretical Crop handling

No welght taken velocity handled crop handled efficiency
(kg) (s) (m/s) (kg/h) (kg/h) (per cent)

1 10 23 21 72 1565 9969 15 70

2 10 22 16 51 1636 7636 21 4@

3 10 30 12 65 1209 5810 20 60

4 10 30 1o 8@ 1200 4980 24 10




Crop Handling Efficiency (%)
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2.0
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io
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lhe c op handling et+ficiency was {found ma 1m m
(42 1 pery cent) when the pe 1pher al velocity Jas minimea
(lv 3 m/sec ) for the vasp-ba cylinde (F1qg 24) B t +the
spilbe—tooth cylinde pe formance was poo with ecpect tr
the crop handling efficiency, whe e as Ao ihe dolLble
di1 ecto al sp1 al cylinder when the artial c op handled w~as
maximum at peripheyal velocity 1¢ 8 m/sec the ma imum c© op

handled efficiency was obtained 24 1 pe cent anty

4 7 Cost of operation of the power paddy thresher
One of tre najov tejqul ements +0 the acceplancs
of any equipemeant by the faimevs 1g 1ts econamic

feasibility The detailed cost analysis of the paddy
th eshers 1s based on the actiral figures obtained du 1ng the
evaluation of the machine and based on the assLumptions agiven
in Apppendix Il The annual use of the marhine was talen as
G2 hou s +to the cost analysis The et+tective lite of the
equipment was talen as 10U years with 1) pe cent salvage
value The th esher could give an output ot "®ws2 |g/h e
cost of operation obtained was Rs 28 8u/h and the averagqe

capacity of the machine as 32 |l g/h

The cost of operation of the paddy th eshe Vs
calculated as Rs 23 O)/h and Rs 8/q (Appendix II) It was
observed that an output of 1% g of paddy pe man houy  was

obtained from manual thieshing C€Conside i1ng the p odictivity



as 370 tg/ha and labouwi cha ge ot Rs *“i/man dav, the co=st
of manual thieshing per hact1 e was computed as ks 1541 +

But with 1 hp paddy th esher with an output of tash, the
cost of thieshing pe hactare was calculated to be Rs 240 4
which 1s a savina of 81 pe cent in the cost of ope atior

The 1 hp paddy thyesher which 1 educe the labou cost t+ ~m
31 O man houwr to 4 £ man—hour uwhich accounts fao the econony
and &3 1~ pe cent 1n the labou saving Jhe fa me s nawv Le
inte ested mostly on the savina 1n the cost o+ ope ation
while the policy malers a e satistied vith the savina=s n
the labow The labouy replaced f om th eshing ope atian
will be utilised fo timely ha vesting 1i1eld ope ation a

transplanting activities

111






SUMMARY

In terala the net cLltivatable atea unde paddwv
and prodictivity are diminishing gy adually The main eason
fo this gloomy situation of paddy cultivation is that 1t
has become tLneconomical owing to the high production cost
and laow p odictivaty Labouw chaiges a e co pa ativel
higher 1n the state and labou shoi tage s often telt duv 1na

the peal cultivating seasons

Threshing 15 1identitied in terala as the {1 st
oper ation to be mechanised i1n paddy cultaivation, since 1t 1s
labour 1ntensive and i1nvolves considel able human d udae y
More over, adoption of i1mprope: thieshing methods esult 1n

post harvest lossess and reduces net :ecovery of paddy

Due to the complicated design, high inmitial cost
powes requirment and straw losses, the thieshe s now
available are not being adopted by lerala Ffaime s The
conmercially available threshers namely av-ial {low <pite
tooth thresher, flow thiough 1asp~bai thieshe s and hotd
on type threshers aie 1ntioduced without study 1ts
pel formance 1n terala, where the moistui e content of the
crop 15 very high and stiaw is also Innggr This g een,
moist and longer st aw greatly ) educed the efficiency of the

rasp—bar paddy thresher and the delivery of completly bi ol en
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st aw was the main diaw bact i1n the case of a 1al {lo

spile tooth threshe Hence the stidy was under talen to
opt:mise the thieshe pa amete s stch as cvylinde pe 1phel al
velocity, moistLre content th eshing efficientcy c op
handling efficiency and cleaning efficiency A simple §flov

through, t hp paddy threshe vas desianed and +abi icated
with asp ba , spite tooth, single di ectional spi1 al and

double directional spi1 al cylinden s

To estimate the ma 1mum efficiency the pe i1phe al
speed was varied from 1! 84 m/s to 21 72 m/s at moistL e
content of 121 / , 133/, 19 28/, 21 1/ and 45/ and
intensive field trizls were ca 1ied out du 1na MUNLALAN
season of 1931, PUNTA and VIRIFFU seasons of 1942, and the

following conclutions are arrived

1 Among the three types of th eshing cylinde s the 1nc ease
1n peraipher al velocity i1ncreased the grain ottput 1n raspba
and spite-tooth th) eshers but not i1nfluenced much on 1%t s

thi eshing effiecency

2 For the rasp ba cylinde s the increase 1n the moistL e
content f om 13 3/ to 35 W/ reduced the th eshing efficienc

from 98 4¢ to %2 / bringing down the output of paddy +rom
303 ¥Pg/h to 255 tg/h ( table 2 to table ~ ) The marimum
efficiency for the rasp bar was ohtained at 123 23/ when a

cylindem velocity of 18 A m/s, having the outpLt of 2,9.g/h
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2 While the i1ncrease 1n moistw e content didn t dir ectly
inflience the th eshing efficiency o+ the spi1bke—-tooth
cylinder the maximum threshing efficrency of J27 / was
achieved at 13 2 / moistwe level with pe iphe al velocit

of 21 72 m/s delivering 281 kg/h This i1ndicated that when
the moisture content was i1ncreased to 19 & / the spile

tooth cylinders perfo med bettes

4 The double di1 ectional spun al cylinde had a low
threshing effieciency when the moistu e content was vupto
19 2 / concluding that the double di ectional sp1 al
cylinders a e not efficient for low moistw e corient padd
corp When moistui e content was 1ncreased +ron &/ 1 /7 to o
/, the thieshing efficiency had shown an 1i1ncreasina t end
f om 9% / to 24 / at a peiviphe) al velacity of i+ 1 \s
The maximum output of 349 lg/h was also achieved even w~ith

32/ moistw e content at the pe i1phel al velocity of 1= 51

= The proto type paddy th eshem was found to 1 educe the
cost of thheshing f om Rs 1541 F& to Rs B923 54 /ha which 1s

a saving of 81 / 1n the cost of threshang

— _EB._The 1 hp paddy thiesher which need 2 ltaboweis fo 1ts

operation had reduced the labour requirement {rom 231 ¢ man-—
days per hactaie to 4 & man—-days per hectare fo th eshing
operation which accounted for a reduction of labow to 8% iw

/ compaied to mannual threshing
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APPENDIX I

Design of cylinder shaft

The shaft has a length of 1@ mm and consits of
two V-helt pulleys (ALXE) of B-section on each end of the
shaft as shown 1n Fi1g 25 The shaft 1s sitppoited bv  two
Ball Bea i1ngs at positions C & [ The weight of the cylinde
1s 17 Fg and 1t 15 assumed that the weight 1s tniformly
distrabutd throughout the length of the cylinder For a
pai ticular speed, 127 mm diameten pulley 1is connected at A
and 101 mm drametey pulley 15 connected at B The weight of
ptiley at A 1s 2 20 Lg and the weight of pulley at B 1s
1 56 la The shaft 1s designed to t ansmit a mavwimum power
of 1 hp The powev 1egquired to ope ate the blowe 15 found
out from the foymula,

1 2
P = -~ AV
2
whey e,
PP = Power vrequired to operate the blower
F = Density of amn
= 1 30 Lg/mg
A = Area of outlet of the blower
= 0 014 m°2

v = Velocity of out coming aiv +From the

blowe

If

3 5 m/sec
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Fig. 25. Forces on Cylinder Shaft.
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Fig. 26. Forces and Reactions on Cylinder shaft.
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1
F = - 1 30 x @ 014 % 9 5
2

7 80 tg—-m/sec

7 8o

= —_ hp
75

= © 1vd hp

fhe design procedu & 1s shown below
The toivque tyvansmitted by the sha+ft,

F <~ 4502

where,
P — Ho se power t ansmitted by the shaft
N =R FMof the shaft

Considering the pulley side A,

Mavimum hp acting on the shaft 1 hp

20

il
m

RFM of the shaft

= © 81 tg-m

Let T} and TQ be the tensions on the tight side

slack side of belt on pulley A,

T T = -T
hen T‘ &) X r

whet a,

-
it

Radius of pulley A

and

and
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T MO
o - e
T
o,
where,
M - Coefticient ot + iction between pulley
and belt
- 2 3 (assumed)
@ = angle to the di ection of +o ce acting
1n adians
©
- 243
1 e
(T, =T,) 127
i
)81 - -l
=4 1
> 81 « 2 13n)
T -7 et
L
' 127
Ae T‘ —t& = 12 /S |g (1)
T M6
Now , - - e
I
2
a<eqr W
= @ /l?o
T,
— - 32 81 ()
'
From egLation (2), TI =3 1 ~ 14
Substituting 1n eqration (1),
3 91 ti - T4‘= 12 75

2 31 < T = 12 75
2



i -
FQ = 5 v8 Vg
. TI = 3 F1 5 08
= 17 83 kg
Now the force acting at A = T, + Il + w'
where,
NI = Weight of the pulley at A
=2 222 tg
Foree acting at A — 5 w8 + 17 80 + B 2uv
= 2% 11 kg

Considering the ptlley side B,

The hp talen fiom the shatft, o led
RF M of the shaft = 8Ca

@ 104 < 4502

Torgue, T =
2 w7~ 82¢

C @8 kg m

Let T and T be the tens on lley B
3 A 10n pu Y

Then, To que, T = (Ts - t4 ) & T
T
3 Mo
T
Ty
1e, B 3% — | T3 - T4 Y4 101 /241000
(7. - T4 ) = © 185 x 8 v 10vH / 101
= 16831 g (3
T axzaoy W,
3
Mo 3, /180
Ty

1 256
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=3 "1
T =3 51 T (4}
S A
Substitutang 1n eguation (3},
N - =
i T+ TA_ 1 €83
o s g 51 T4 = 1 83
1 £83
T = ——— -
4 2 =51
= a4 +7 kg
Mow , T3 =3 51 » 0 &7
= 2 352 hg
Now, weight ot pulley, b,
W = 1 S50 |
2 g
= + + W
Force acting an side B TS T4 2

=2 358 + ¢ £7 + 1 B0
= 4 522 Ig
To find the 1eactions at C and I -
tet R. and Ry be the eactions at C and D
1 espectively, Firom Fig 27, 1t 1s clear that the sum of the
eactions,

8= 11 + 17 + 4 ~ee

x
+
o
=
g

4r £32 kg

Taking moments about C,

il

25 11 x 199 + R_.D x 39) €17 x 195 + 4 S22 » 400
Rﬂ < 390 = 331F + 2uwBH 12 - 4 522 x 46@

3315 + 2080 12 - 376& 5

Ry =
90

n
ES
-
2
<

a
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! R = 46 632 — 4 18

= 42 45 |g

Taking bending moments,
Bending moments at B =

Bending moments at D = 4 5ge 70 / 1002

Bending moments at E = 4 Spg . 2€5 - 4 18 « 137

Bending moments at C = 4 522 466 + 17 = 195 — 4 18 < 39

222 12 + 3019 134 2

1
w
~J
T
-

n
3

Bending moments at A 4 528 « A1+ 17 » 345 — 4 1& » D40

- 42 45 x 154

i

2 758 + % BeS - 2 %7 - b Ze7

= 0

Maximum bending moment ,
M =32 76 lam

Conside 1ng shaft end A,
Torque — « 81 kg-m

Now equivqlent twisting moment,

T = vVnter?

(A

\/3 7bQ' + @ 81'1

J14 14 + @.65¢c

]
w
[et)
o
£

[in]

1

3
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Bit, T, ~ T/ 4~+s d>

Fe missible shea «t ess

o

wher e, fs
- 35 lg/cm
d = Liamete of shaft

Iy 3
¢ 385 - .= w5 d
1+

= 1% mm

Conside i1ing the othe end of shaft, B,

T = o bta-m
_ 2 2
Te = M o+ T
= yo e ot

\

- J14 14 + a7

= 3 72 tgm

n
I
g
&
~J

It

1 79 cm

1l

17 5 mm
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0 3i6 K3 Mm

g »B

Fig. 28. Bending Moment Diagram.
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Fig. 27. Shear Force Diagram.



Considering the ove load at the time of th e=hing
and othes factov s, the shaft diamete 135 talen as 2~ mn
The shear force and bending moment diagrams of the shaft s

shown 1n Fig 27 and Fig 28 1 espectively



APFENDIX II

Lost o+ operation of the Flow Ih ough type Faver

Paddy Thresher

Total rost of threshing Fi1 ed cost + wva 1mable cost
App o 1mate cost ot th eshe (F)

F 1me move (lhp, O phase moto ) Rs o°

Lost of 1h eshe ks Ok Q/

(1including lub 1cation cha aes)

Total Fa 71

Othe Assumptions a e

(a) Wo ting hot s pev yea (H) — hou s
(b Lite of th esher (L) = 12 vea s
r) balvage vilee (5) hs 7212

(127 of the cost of the th eshe

I Fi1 ed cost

F -9
1) Dep eciation/h
- H
S 71

= hs 1 2o



F + 5 12
11) Intel est per yea = —-— = -
2 13
(12/ pe year on ave) age
7ioe + 71
investment) = —-———-— ————
=)
Rs 4
111) Tares and Insu ance = nil
1v) Housing charges = nl

v) Repai1 and maintenance chaiges pe hou

(1®/ of 1niti1al cost of the thyeshe pe

F 19
T W 1
7iwe 10
P s00 1aa
= Ks 1 42
Total fired cost = (1) + (131) 4 (111)
= hs 1 27 + hs

It
Pl
n
w
py
4]

1I—Va 1able Cost (Operating Cost)

1) Labour charges

w

Number of labow el s -

e

yea )

(1v)

h

+

(v)

xii

4+ )+ 92 +Rs 1 42
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Worting hov s / day = 0 hou s

Labou cha ges / man day

per pet son - hs © 2
3 50
Labo. charges / how = —-=
2
- ks 18 74
11) Ene gy consumption
Ene gy consumption per how of
Th ee phase moto - ¢ Llectyical un1t
Elect 1city cha ges per unit — hs (g
Elect 1c1ty cha ges per hou -~ hs
111) Lub 1cation chatges / hp-—h = ni1l
Total ope ating cost = (1) + (12) + (111
- Rs 1 7 + bty ]
- Rz 1 =
Lost of th eshing oper ation/h 1 + 11

Assume an establishment charge

of % / of total cost of opelr ation - - -



flotal cost of ope ation/h

Aave age oLtput

ot th eshe

Cost of th eshinag and

Winnowing pe

aquintal

xiwv



APPENDIX II1

Safety Fiecautirons

Ilhe +tollowing satety p ecattions a e t te tale
when ope atina the th eshe:

1 Read the marmal ca efiLlly tos n7cataint s1th  the
th este Operatina tnftamilia eq 1poent can  racvsc
accidents

(= Neve 1l1eAave the th este Lpnattend=d without =toppinn
ergine

g Lo not f11l fuel tant when (a) enaine 1s rurning (h
engine rs hot (c) uvsing a lante n (1) sooliry e) doenat
ove {111

4 leep all flammable mate 1als (frel and st av) wvay + on
the engine e haust

S Lo not attempt to o0il o g ease o adiust a machine 1
ope ation

= Lo rot wea loose fittinag ctlothina that may bhe blo

into moving pa ts

7 t eep aill shields =nd gLa ds 1in place



1w

11

12

14

i=

1+

17

i9

Machiney y shouv1ld only be ope ated bv those 4

esponsible and delegated to do so

[m)

xvl

Nevey extent hards 1nto +eed opening duv ing ope ation

Never ope ate vyow th eshe 11 a closed agaL aage or

shed becaLse the e<aust tumes a e ve v danae o =

your health

Lo not ope ate machine with loose peg teeth bolte

a |

nuts Loose peg—teeth can be elected 2t hiah velorit

cacsing 1nJu y to operato s and danage to tte th echo

Bult 1in satety featL es can bg effective onl

propey ly maintained and vtili-~ed

Do not attempt to ope ate th eshe uwnless vou e

the opelr atoy s station

Neve ' emove accemulated st avy 1nside thte machyl »
d 1ng operatio

Frovide a +1 st aid t1t T eat all =c aches cLi=

etc with the p ope anticeptic 1mmediatel

leep a f1yxe e tinguishey tandy at atl tines

Long Hai should be tied p sho t to p e ert 1t

becoming entangled 1n moving pa ts

Remamber that safe opei ation 1s no accident

Tale time for safety (IRRI, 1979)
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APPENDIX IV

Pre—operating Procedures

Station the thiesher on a level area close to the oiop
stacl to minimise handling and shatter ing losses 2
Spread cloth, canvas, o mat underneath the th eshe

to collect falling grain

Fosition the thiesher so that the stiaw 1s thiown with
the direction of the wind This will eliminate the
blowing of stiaw, chaff, and dust back towaids the

oper ator and the threshed grain

Checl belt alignmment and tension AdJust i1dley pulley
for coriect belt tension. Improper alilgnment and

tension are the majoy causes of p)emature belt fair1lwme

Checl pulley sw faces. Rough groves must be smoothened
with a fine file 1+ necled Ci acked pullaeys should

be 1 eplaced immediately

Open the cover and chect all pegs on the th)yeshing
cylinder and the lower concave for tightness Loose
pegs will damage the machine and can be dangesious to

the operators. i



w©

11

id

xviil

F amine the dium edges {fo wea Ma 1mLm wea arc s
at tae {feed ¢ d of the cvliinde ari 1s & p o on

at the leadina side of tte di1 ertion of otatio

Rotate the th eshing cylirde mar wally at least 431 o

evoluiions to PnsL & that the ¢ a e N obst Ltctin

n

o 11nte fea ances

Male sure that the e 15 no loose o mir=1 g bolls d
set scews Fighten o Bplace A8 NEeCe-Sa

Ltb 1cate tte beoa 1ngs 1t eacl end ot  the ylin
shaft with good gqualitv g ease lhe 1dle boy 1 a
lebricated tor  lides, thus equL ex no redae o

1tb i1cation

Chect engine to o1l and +uel Follow the eniine

manufactuie s ecommendations

bta t the engime and allow 1t to wa m up I eed the
th eshel with the ciop to be th eshed +n pe {0 oarce
checlina Inciease cylinde speed 1f e cessive amounts

ot tnthieshed and unsepa ated g ain 15 obse ved 1 0

the st aw



Operating The Engine

Stait the engine
Load the {feed tray with the ha vested c op

Ha vested c ops must be placed on the {e=d t a 1th
the panicle away f om the ope ato so that the pamcie

15 fed 1nto the thy erhe fi st

Feed the c op at a unifo m rate and marrtain ma T

feeding ate without ove loading the engine

Always f(eep hands oLt of the cvlinde ¢  oper 1
Nevet e tend fingei s on hands inside ths machine B
ope ating Use a stict to push nmnate 1ls 1nto l e
marhine e th eshe can sctddenly puLil the © oo
bundle i1nto the cvlinde “Ya tde ca @ th t Fanle =
not pLlled into the +=ei opening the wre ato st

fully unde stand the danage s of se 1oues pt si1cal 1
fvom contact with th eshing cvlinde - hed re
feeding vate when th eshina wet o partially

decomposed mate 1als to avoid o e loading



)

UOpen the cylinde cover pe 1odically to enove st
chaff accuml lated betven the lowe concave « d

chute

Stop eni1i1ne beto e opening

Hag the th eshed when a sLficient amount p 1e=

the concave

4

a o

[10

p heln



1

(W]

Service the air cleaner, {uel filte

APPENDIX VI

Maintenance And Service

Lub 1cate cylinde bearings with a good quality gene al

pu pose g\ ease evel vy a5 how s o+t ope ation
Feriodically apply a small amournt of o011l to alt

hinge points

Inspect the machine egula ly for wo n or damaged d Lm
parts, concave and othes pa ts hepai o ) eplaced
them 1mmediately Missing bolts o nuts must also be

eplaced

Reduce the belt tension by loosening the 1idle prlley
and the machine will not be used fo an e<tended pe 1od

1o minimize deterioy ation

Chect engine c anlcase o1l ltevel at 1least eve v ¢
operating hours and follow the engine manttact. e g
| ecommendations +to o1l change 1nte vals and o1t level

1s maintalned

y fuel 1ine etc a=

needed



APPENDIX VII

Storage

Clean the machine tho ovghly
Remove belt and stoie 1n a diy plare

Stove the machine 1n a elean,d y location and cove to

educe damage f om dust accumilations
Faint pa ts that need epa:1 i1ng

Llean and apply o1l to e prnsed metal L {aces t p evert

Lsting

Fallow mantfactL e s recommendations on engine sto ane
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ABSTRACT

T - —_— -

///,,—_“*\ ~
Th eshirg 1s ide tifi1ed 1n te ala s the {1 st

ope ation to be machani~ed to p event the dete 10ting

3

condition 11n the paddy cutltivation duee to the ainc ease 1n
j; the labouwy costs and labour scarcaty The power ope ated

comme cially available a 1al flow spike tooth and flow

—

through rasp-bay th eshers a e being i1nt oduced withoLt much
| succes because of the delive y of st aw into pleces and

inefficiency fo long, g een and moist paddy c ops

T — o
S e— e ———
e

The stidy unde taken by the newly developed 1 hp
paddy thi eshe to optimise 1ts pa amet es fo high moist
paddy evealed that the pe iphei al velocity f om 1 o to

21 72 m/s on the rasp -ba , spile tooth, double divectional

sp1 al cylaindems didn t i1nfluence mich on the th eshing

efficiency

When the moistw e content was i1ncreased to 35 pe
cent, the thheshing efficiency was brought down 4 om 93 4 to
J2 pev cent for rasp-bar cylinder and was increased from &%
pe cent to 94 pe cent i1n the case of daoirble di ectional
spiral cylinder The maximum th) eshing efficiency of 94
percent was achieved fo spite tooth cylinde at 194 2 pe

cent moisture level The ma i1mum thi eshing efficiency of Y4/




and the ma. i1mum octpLt of 24 |tg/h we & achieved with the

double directional spiral cylinden when the moilsture

content sas 35/ pe cent

The piroto—-type thyesher was found to educe the
cost of th eshing to 81 pey cent and eductiaon in labou to

25 1t per cent compaired to the manntal thy eshing

VAN

Holkz5



