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Development and evaluation of multi millet thresher
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Abstract: In tribal areas of India, traditional methods of threshing of minor millets like little millet (Panicum suma-
trense), M;, kodo millet (Paspalum scrobiculatum), M, foxtail millet (Setaria italica), Mz, proso millet (P. miliaceum),
My, barnyard millet (Echinochloa frumantacea), Ms, finger millet (Eleusine coracana), Mg is done of beating by sticks
or treading out the crop panicle under the feet of oxen. This operation is most time consuming, labour intensive,
drudgery prone, uneconomical, lower output and obtain low quality products. A thresher for these millet crops was
developed and optimization of the operating parameters with little millet was done by using Response surface meth-
odology (RSM). The optimized parameters were 7.79% (d.b) moisture content, 105 kgh™ feed rate, 625 rpm cylinder
speed, 5 mm threshing sieve size which gave maximum threshing efficiency of 95.13% and cleaning efficiency of
94.12%. After optimization of parameters the thresher was tested for threshing of all the six minor millets with proper
adjustments of sieve. Threshing capacity of M;, M,, M3, M4, Ms and Mg were obtained as 89, 137, 140, 91, 88 and 99
kg/h, respectively with more than 96% threshing efficiency and less than 2% broken grain.

Keywords: Cleaning efficiency, Multi millet thresher, Shear and impact cutting, Threshing efficiency

INTRODUCTION threshing operations are most time consuming, gnerg
intensive (19.9 kJ/min), labour intensive, drudgery
prone and uneconomical. The mechanized threshing of
; o ) ! millets can reduce the drudgery of farmers/labours,
IS mostly_ grown in t_r|bal anql hilly areas of Incaad improve the quality of product. With existing socio
many Asian and African nations (Gbabo et al., 2013) oc5nomic condition of millet growing tribal farmers

These crops are gorown in rain fed areas gnd tempergy e large capacity threshers are inappropriatecaed
ture more than 20°C where c_)ther crops yield arg Ver the small size thresher with large scale sophistica
poor and are less prone to disease and pestsdim In are difficult to be adopted (Sing al., 2002). World-

kmhilletj arre]h m.ajor rs]taple fIOOd (;n thed_sthate 0'; t#a \ide number of studies have been done for threshing
and, Chhattisgarh, Tamil Nadu, Odisha and Kama-y¢ arigus crops but a very few studies has been re

taka where these are grown widely with yield ashhig . te4 on millet threshing. Therefore, developmeint

as 3 t/ha. Maximum production (thousand tonnes),th her for all millet found amicty
productivity (kg/ha) and area of production (thausa carr??joetrhroersiinrglo?alcl:rrzpi)llse\tléas OUNG NEcessame

ha) of different millets in India are of Finger haﬂ_ Physical properties of crop are very important tfu
(1964.9, 1179, 1641.6), foIIo_vved by Barnyard millet design and development of machine. Singh al
(180.1, 863, 208.6), Kodo millet (146.3, 366, 399.4 ( 2010) studied different physical properties ofrba

Little millet (113.2, 364, 310.9), Foxtail mille62.9, - ; -
; , yard millet. Baryeh (2002) evaluated different ghgis
607, 103.7) and Proso millet (26.4, 556, 47.5) a8l properties of millets and expressed as function of

are very nutritious and important crop for balancedmoisture content between 5-22.5%. (Singh al

Q|et, ”C.h n wtamms, _proteln, carbohydrate, mysﬂs, 2003) developed a thresher at Vivekananda instdfit
f|ber_s, iron, amino acid, phosphorus, magnesium, Po i agriculture (ICAR), Almora, Uttarakhand, India
tassium and also good source of energy. The epidemi, 4 \vas modified at IIT, Kharagpur. It was observed
ological evidences indicate that person on millesl 5, threshing of millet is better in case of conattion
diets have good resistance for degenerative dis€aseymnact and shear on the crop. Therefore the inach
such as heart disease, diabetes, hypertension efg, threshing of all six minor millets was developen
(Ano_n_ymous,_ 20(.)1)' . ) . the principle of combination of shear and impact at
Traditionally in tribal and hilly areas, threshinfymil- Central Institute of Agricultural Engineering, Brap
let crop is done either beating by sticks or bydiag India.

out the crop panicle under the feet of oxen. Thesq\/lany researchers have worked on the optimization of
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Millets are very important food crop of tribal péep
and believed to be first domesticated cereal crbjghv
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process parameters like milling, threshing (Sieghl., vas strips and three rows of cutting knives pladts-
2004; Tiwariet al.,2007; Singlet al.,2008). Ajav and  nately as some of the millet crop requires cutticg
Adejumo (2005) studied the performance evaluationtion and some requires shear for complete threshing
by taking moisture content, cylinder speed and feedThe knives arrows provides impact cutting of crop
rate as independent parameter to obtain the maximuratem during threshing and the canvas strip rowssgiv
threshing efficiency. Kushwahat al. (2005) devel- gentle abrasion and shear on the grain for remaviag
oped an okra seed extractor and evaluated thet effec grains from the glumes. The threshing chambertis fi
drum speed and moisture content on extracting effi-ted with a sliding sieve which is allow repetitiira-
ciency. Singlet al. (2008) developed a pedal operated pact and shear to complete detach of glumes fram th
paddy thresher and optimized the independent paramegrains which helps in complete threshing of millets

ter like drum speed for getting highest threshiffg € Ergonomic consideration in the design of the
ciency. Similarly Singhet al., (2010) optimized the thresher: In general these crops threshed inside the
value of drum speed for threshing of finger millet. boundary of the house. The ergonomic and safety is
Response surface methodology (RSM) is defined awery important especially for the use of tribal warm
the statistical method that uses quantitative drata worker. Ergonomic considerations were used in the
an appropriate experimental design to determine andlesign of thresher for safety of the worker. Thegth
simultaneously solve multivariate equations. Thénma of the feeding chute was kept 900 mm as per IS:
advantage of RSM is that it reduces the number 0020-2002. Grip handles of threshing sieves were
experiments needed to evaluate multiple parametermade as per inner grip diameter for better condért
and their interactions. It was used successfully bythe worker. Shaker assembly for cleaning system was
many scientists for optimization of different paem provided with packing for reduction of vibrationdn
ters for different operations (Goyat al., 2008; Singh  noise. Rubber transportation wheels instead of cast
et al., 2008; Ushakumaret al., 2007; Nath and Chat- iron wheels were provided for easy transportatiod a
topadhyay, 2007). The present study was undertigtken for absorption of vibration during operation. Tha-m
use RSM to optimize the operational parameterssimoi chine is attached with safety guards over powarstra
ture content(MC), feed rate(FR), drum speed(DS),mission system. A flapper was fitted in the feeding
threshing sieve size(TSS) to maximize the threshingchute to arrest the dust which may create heattb-pr
and cleaning efficiencies of the thresher. lems of the worker.

Evaluation of multi millet thresher: The multi millet
MATERIALS AND METHODS thresher prototype was evaluated after development.

Raw material: Different millets like little, kodo, For the evaluation little millet crop was takeneaft
proso, foxtail, barnyard and finger millet of losadrie-  harvesting. The crop was taken as the whole crop fo
ties were collected from small village Patalkot/ threshing. But after the optimization the finalebiner
Dhindhori tribal areas of MP. Physical propertiéslp ~ was tested with all six minor millets by taking pithe
millets (Table 1) were observed to suitable for theear heads of kodo millet, foxtail millet, barnyardlet
proper threshing of millet. The moisture contentre  and finger millet except little millet and prosollei as
crops was kept 5 to 11% for performance analysis an recommended by the tribal farmers. The feed rate wa
digital moisture meter was used for this purpose. controlled manually by the help of a worker and mnai
Design and development of the thresherA multi  tained from 75 to 120 kgh They had to feed the
millet thresher was designed and developed fosthre Whole crop as per requirement. A two hp, singlesha
ing of the millets based on the different propertid electric motor was used as power source and thepow
the minor millets. Developed machine works on theis transmitted to the threshing drum, aspiratorthsy
principle of impact and shear force acting on the e help of belt drive. For variation of drum speednfro
head of the crop for the purpose of threshing dieisi 500 to 1000 rev/min different size of pullies weised
The threshing drum was fitted with three rows afica according to the requirement. The air flow rate was

Table 1. Specifications of the developed CIAE multi milletebher

Length 2027 mm

Width 1048 mm

Height 1200 mm

Weight of the machine 180 kg

Threshing chute length 900 mm

Cost of the machine Rs 45,000/-

Power requirement 2 hp, single phase electric motor
Machine noise level 84 db

Threshing capacity 80-150 kg/h (depending on mdéhodity)
Dehulling capacity 20-80 kg/h (depending on milemodity)

Pearling capacity of finger millet 200-250 kg/h
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Table 2.Coded values and corresponding real values usegarienentation.

Independent variable Coded value & (-1.414) -1 0 +1 4 (+1.414)
Moisture content (M, % db Actual value 3 5 7 9 11
Feed rate (f, kg/h 60 75 90 105 120
Drum speed (B), rpm 500 625 750 875 1000
Threshing sieve size {J, mm 3 5 7 9 11
Table 3.Experimental design for thrshing of little millesing CCRD with four independent variables.
Independent variables Dependent variable
Moisture content Feed Rate Drum Speed  Threshing Sieve Threshing Cleaning
Run (M), % (db) (F), kg/h (D), rpm Size (T, mm efficiency efficiency
(Te), % (Co), %
1 5 (-1) 75(-1) 875(+1) 5(-1) 97 96
2 7 (0) 90(0) 750(0) 1169 92 93
3 9 (+1) 105(+1) 625(-1) 9(+1) 85 87
4 9(+1) 105(+1) 875(+1) 9(+1) 90 89
5 9(+1) 75(-1) 875(+1) 5(-1) 94 94
6 5(-1) 105(+1) 875(+1) 9(+1) 93 91
7 9(+1) 75(-1) 875(+1) 9(+1) 91 91
8 9(+1) 105(+1) 875(+1) 5(-1) 96 93
9 7(0) 90(0) 1000(e) 7(0) 99 97
10 5(-1) 75(-1) 625(-1) 9(+1) 91 88
11 7(0) 90(0) 750(0) 7(0) 90 96
12 9(+1) 105(+1) 625(-1) 5(-1) 95 90
13 7(0) 60(«) 750(0) 7(0) 96 93
14 9(+1) 75(-1) 625(-1) 5(-1) 90 87
15 11(+0) 90(0) 750(0) 7(0) 84 86
16 5(-1) 105(+1) 875(+1) 5(-1) 95 94
17 9(+1) 75(-1) 625(-1) 9(+1) 88 92
18 7(0) 90(0) 750(0) 7(0) 89 94
19 7(0) 120(+) 750(0) 7(0) 94 90
20 5(-1) 75(-1) 875(+1) 9(+1) 96 95
21 7(0) 90(0) 750(0) 7(0) 94 93
22 3(-0) 90(0) 750(0) 7(0) 90 89
23 7(0) 90(0) 750(0) 36 93 96
24 7(0) 90(0) 750(0) 7(0) 92 93
25 7(0) 90(0) 500 7(0) 96 89
26 7(0) 90(0) 750(0) 7(0) 92 95
27 5(-1) 105(+1) 625(-1) 5(-1) 95 90
28 5(-1) 75(-1) 625(-1) 5(-1) 93 90
29 7(0) 90(0) 750(0) 7(0) 92 90
30 5(-1) 105(+1) 625(-1) 9(+1) 93 89
maintained below the terminal velocity of the ggain Wi(Mf — Mi)
and above the terminal velocity of chaff. The speed Q- ————— ... (D)
aspirator was maintained by the use of belt drive. 100 — mf

The moisture content was varied by adding of wetter The evaluation was done by taking the required $amp
the sample. The samples were prepared by sprayingf 10 kg each time and the data were collected.eSom
the desired amount of distilled water to the sasple formulas used for calculation of threshing effiagn
thoroughly mixed, sealed in separate polyethylenecleaning efficiency were,

bags and then kept for a week for uniform distitout ~ Threshing efficiency= threshed grains received from
of moisture throughout the samples. Before each exall the outlets with respect to total grain inpw- e
periment required amount of samples were taken oupressed as percentage by mass.

and allowed to warm up to the room temperatureTE=100—percentage of unthreshed grains ..... (2
(Goyalet al.,2008; Singhet al.,2010). The amount of Percentage of unthreshed grains

water required for desired moisture content wasteal D

lated by the following equation (Karababa, 2006; Al ¥ = —x 100

tuntas and Yildiz, 2007; Singgt al, 2010). A (3)
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Table 4. Analysis of variance for threshing efficiency.

Sum of Mean
Source Squares df Square F Value p- value > F
Model 283.33 14 20.23 6.57 0.0004 Significant
Mc 54.00 1 54.00 17.54 0.0008
F, 0.16 1 0.16 0.05 0.8191NS
Ds 32.66 1 32.66 10.61 0.0053
Tss 37.50 1 37.50 12.18 0.0033
McXF, 1.00 1 1.00 0.32 0.5771INS
McXDg 1.00 1 1.00 0.32 0.5771INS
McXT s 12.25 1 12.25 3.98 0.0645NS
FixDs 6.25 1 6.25 2.03 0.1746NS
FrxTss 9.00 1 9.00 2.92 0.1079NS
DexTgs 1.00 1 1.00 0.32 0.5771NS
M2 38.67 1 38.67 12.56 0.0029
F 18.10 1 18.10 5.88 0.0284
D¢ 56.67 1 56.67 18.41 0.0006
Te2 0.96 1 0.96 0.31 0.5839NS
Lack of Fit 30.66 10 3.06 0.98 0.5402 not significa
Table 5.Analysis of variance for cleaning efficiency.
Sum of Mean Square F p-value
Source Squares Df Value Prob > F
Model 223.33 14 15.95 5.79 0.0008 Significant
Me 10.67 1 10.67 3.87 0.0679NS
F 88.17 1 88.17 32.00 < 0.0001
Ds 13.5 1 13.5 4.9 0.0428
Tss 0.00 1 0.00 0.00 1 NS
MxF, 4.00 1 4.00 1.45 0.2469NS
MgxDsg 0.25 1 0.25 0.091 0.7674NS
MeXT s 4.00 1 4.00 1.45 0.2469NS
F.xDg 6.25 1 6.25 2.27 0.1528NS
FoxTes 6.25 1 6.25 2.27 0.1528NS
DoXTes 70.58 1 70.58 25.61 0.0001
M2 10.01 1 10.01 3.63 0.076 NS
F.2 1.44 1 1.44 0.52 0.4808NS
D2 0.58 1 0.58 0.21 0.652NS
Lack of Fit 19.83 10 1.98 0.46 0.8606 Not significant

Where, D =Quantity of unthreshed grains collected CCRD for optimization of operational parameters:
from all outlets per unit time

A =Total grain input per unit time

Cleaning efficiency = Clean grain received at ngr@&in
outlet with respect to the total grain mixture reed at
main grain outlet expressed as percentage by mass.

M
CE= — x100
F

............... (4)

Where, M = Quantity of clean grain obtained frora th

sample taken at main grain outlet.

F = Total quantity of the sample taken at maingpatlet.
Experimental design: Central Composite Rotatable
Design (CCRD) (Rastogét al., 1998; Singhet al.,
2011) was considered as experimental design with fo ducted for threshing efficiency and is presentethan
independent parameters moisture content, feed rateable 4. The ANOVA data shows high F value (6.58)
threshing drum speed and threshing sieve sizeptimis
zation. The responses were obtained in terms estimg
and cleaning efficiency and optimized by use of RSM

The operational parameters were fixed at 5 levels
(Table 2) as per CCRD and a total number of 30 ex-
periments were carried out (Table 3). Seven repeate
experiments were conducted at the central pointseof
coded variables to calculate the error sum of spiar
and the lack of fit of the developed regressionatiqu
between the responses and independent variables.
The parameters were optimized by using Design ¢xper
7.0.0 software, which gave optimum values based on
experimented results.

RESULTS AND DISCUSSION

Threshing efficiency: Analysis of variance was con-

which implies the model to be significant at 0.18¢dl
of significance. The linear effect of moisture camt
was highly significant on threshing efficiency al%
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Fig. 1. Response surface contours for threshing efficiesfcnillets as a function of (a) Feed rate moistamntent, (b)

threshing sieve size and moisture content, (c) dspeed and moisture content, (d) threshing siexe sind Feed rate, (e)
drum speed and Feed rate and (f) threshing sieeeand drum speed.

level of significance and effect of drum speed andvariables neglecting the high error generating serm
threshing sieve size were significant at 1% level o was presented in the equation 5.

significance. The quadratic term of drum speed isTe = +91.50 -1.50 M +1.17 0O -1.25T¢ -1.19
highly significant (p<0.001) and moisture content M+0.81 F*+1.44 D2~
(p<0.01) and feed rate (0.05) had significant ¢ffec =~ Where T, = Threshing efficiency, %
threshing efficiency. The lack of fit was obtainedn M. = Moisture content, % (d.b)
significant on threshing efficiency. No significaet- D¢= Drum speed, rev/min

fect was found in case of all the interactions leé t Ts&= Threshing sieve size, mm
variables. The regression equation obtained for theF,= Feed Rate, kgh

response threshing efficiency with four independent
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Fig. 2. Response surface contours for cleaning efficieficyillets as a function of (a) Feed rate and maisttontent, (b)

drum speed and feed rate, (c) threshing sieve aimkfeed rate (d) drum speed and moisture conenthreshing sieve size
and moisture content and (f) threshing sieve sind drum speed.

Response surface plots and contours of threshifitg ef mental range of feed rates, threshing sieve sizk an
ciency as function of moisture content, feed rdtam drum speed (Fig. 1a, 1b, 1c). It can be observeuh fr
speed and threshing sieve size are showed in &idp1l Fig. 1a that at a fixed feed rate of 75 Rghreshing

¢, d, e and f. Threshing efficiency was found stbev  efficiency was decreased from 92 to 91.5% slowly as
creased with increase of moisture content fromB40  the moisture content was increased up to 7% and de-
and decrease was rapid thereafter within the expericreased rapidly thereafter up to 90%. Kambéteal
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Table 6. Comparison of physical and threshing parametersletsd minor millets.

Millets Dia Sphericity  Bulk Thousand Thresh- Thresh- Broken Clean-
(mm) (fraction)  density grain ing ca- ing effi-  grain ing effi-
(kg/m®) weight pacity ciency (%) ciency
(gm) (kath) (%) (%0)
Panicum suma- 2.26 0.48F 815.0 2.08 88.7 97.57 1.70 97.13
trense (M1)
Paspalum scrobi- 3.4 0.818 747.6 4.20 116.7  99.33 0.5¢ 98.9¢
culatum (M2)
Setaria italic 2.38 0.512 753.7 2.39 95.3 99.4¢ 1.20 99.12
(M3)
Panicummili- 1.95 0.48% 825.3 2.32 95.0% 97.33 1.60 96.98
aceum (M4)
Echinoch- 2.32 0.544 895.3 3.35 1083 96.3% 054 9589
loa frumantacea
(M5)
Eleusine cora-  1.63 0.68f 802.¢0 2.39 1026  99.46 0.0  99.27
cana (M6)
Overlay Plot Overlay Plot
1100.00 10.00
950.00+ o T'Hrgsrhing Eff 99.7461 [Threshing Efficiency: 93
o Cleaning Effic87.5129
& S |x1 6.01591
3 2 [x2
ke 2
%800.0(% g 7.50
= 1<
S [Threshing Eff 99.5124 2
O |Cleaning Effic 88.0444 0
X1 6.07 g
650u 6.25—
500.00 T T T 5.00 T
5.00 6.00 7.00 8.00 9.00 5 8 9
Threshing sieve size, Threshing sieve size, i
(a) (©)
Overlay Plot Fig. 3. Super imposed contours plots of (a) drum speed and
10.00 threshing sieve size, (b) moisture content and faedand
(c) moisture content and threshing sieve size.
g 7 Threshing Eff 99,1248 creased the plasticity of the grain. Bansal andaioh
o 5 1% (2009) obtained higher threshing efficiency at lowe
é moisture content during threshing of seed crops.
g 7597 Kushwahaet al. (2005) developed an Okra seed ex-
G tractor and evaluated at different moisture content
3 625 from which they got the result as extracting eéfiaty
' was decreased with increase of moisture content.
Fulani et al. (2013) resulted that higher threshing
500 ‘ efficiency observed at lower moisture content iseca

50.00 75.00 10000 12500  150.00 of cowpea. Increase in threshing efficiency was ob-
served very slowly with increase of feed rate wnitall
experimental range of moisture content, threshing
(b) sieve size and drum speed (Fig. 1a, 1d, 1le). Abo-El
, Nagaet al (2015) found increased threshing efficiency
(2003) conducted the study of pearl millet thresired it increase of feed rate. In the present stuhgsh-
got the reduced threshing eﬁ_‘|C|ency_ with increase _ing efficiency was found to be increased rapidlyhwi
moisture content because high moisture content iny,creased of drum speed with all experimental rasfge

Feed rate, kg/h
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moisture content, feed rate and threshing sieve sizFr = Feed Rate, kgh

(Fig. 1c, le, 1f). At a fix moisture content of 5%e Response surface plots and contours of cleaning eff
threshing efficiency was increased from 88 to 9596 a ciency as function of moisture content, feed rdtem

the drum speed increased from 625 to 875 rev/minspeed and threshing sieve size are showed in &idp?2
This may be due to more impact action of the drem p c, d, e and f. Cleaning efficiency was found slowly
unit time on the crop. Kamblet al., 2003 studied the decreased when moisture content increased from 5 to
effect of drum speed on threshing of pearl millet. 7% and decreased thereafter rapidly within the Bxpe
was observed that increase in drum speed increhsed mental range of feed rates, threshing sieve sizk an
threshing efficiency in a high range. Bansal andddro ~ drum speed (Fig. 2a, 2d, 2e). It can be obsenau fr

( 2009) also found higher threshing efficiency mthh  Fig. 3a that at a fixed feed rate of 75 Kghe cleaning
drum speed in case of seed crops. Ajav and Adejumefficiency was decreased slowly as the moisture con
(2005) studied performance evaluation of an okratent was increased up to 7% and decreased rapidly
thresher and got the similar result as increasgylin- thereafter up to 91%. Bansal and Lohan( 2009) re-
der speed increased the threshing efficiency. Satgh ported higher cleaning efficiency at lower moisture
al., 2008 studied the effect of threshing drum speed orcontent in case of seed crops. Simongaal., (2006)
threshing performances of pedal operated VL paddyalso reported same result in case of cleaning paffo
thresher and got the same result. Siehal (2007) ance of stationary sorghum thresher. Fulani et al.
studied the effect of drum speed on chickpea semul ¢  ( 2013) found higher cleaning efficiency at lower
threshing, Fulanét al. (2013) also found similar result moisture content during threshing of cowpea threshe
that threshing efficiency increased with increage o Cleaning efficiency was observed slowly decreasing
drum speed. Simonyan and Imokheme (2008) studiedvith increase of feed rate in case of all the eixpen-

the effect of drum speed on sorghum threshing andal range of moisture content, threshing sieve aize
they also got similar observations of increasedshy  drum speed (Fig. 2a, 2b, 2c¢). This may be due ¢o th
ing efficiency with increase of drum speed as ia-pr increase of grain handling due to increase of fabel
sent study (Fig. 1c). Threshing efficiency was fdun Threshing efficiency was found to be increaseddigpi
very slowly decreased with increased of threshingwith increase of drum speed with all experimental
sieve size within all the experimental range thasmo range of moisture content, feed rate and threshing
ture content, feed rate and drum speed (Fig. 1b1fld  sieve size (Fig. 2b, 2c, 2d). At a fix moisture t&on of

If we fix the feed rate at 75 kgthreshing, efficiency 5% the threshing efficiency was increased from 88.8
was found decreased from 91 to 90% as the sieee siz94.5% as the drum speed increased from 625 to 875
increased from 5 to 9 mm (Fig. 1d). The sieve gias rpm. This may be due to more impact action thefchaf
selected for making suitable for all six minor mill were broken down into small parts which were blown
according to their size. Higher size of sieve coubd away easily because terminal velocity of chaff de-
give necessary impact and caused grain loss. creased with its reduced mass. Ajav and Adejumo,
Cleaning efficiency: Analysis of variance for response 2005 studied performance evaluation of an okra
surface variable cleaning efficiency is presentethe  thresher and got the same result as increaseimdeyl
Table 5. The ANOVA data shows that the model is speed increased the cleaning efficiency. Fularal et
significant at 0.1% level of significance whose d&ue 2013 obtained high cleaning efficiency at higharndr

is 5.8. The linear effect of feed rate on cleandffi speed in case of cowpea thresher. Bansal and Lohan
ciency was highly significant (p <0.001). The effet ( 2009) also found similar result. Cleaning effiag
drum speed is significant at 5% level of significan  was found slowly decreased as the threshing sieee s
The interaction of drum speed and threshing si@e s increased within all experimental range of drumespe
had significant effect on cleaning efficiency al%. (Fig. 2f) and no effect was found with increased
level of significance. The effect of moisture conite threshing sieve size within all the experimentaiga
and threshing sieve size had no significant effact the moisture content and feed rate (Fig. 2c, 2&.Th
cleaning efficiency. The effect of the interactioms may be due to the reason that with increase of drum
cept drum speed and threshing sieve size on clganinspeed threshing efficiency increased and materibet
efficiency were non significant. All the quadrategcms  cleaned also increased which reduced the cleaning
of independent parameters had no significant effect efficiency. If we fix the feed rate at 75 ktleaning
cleaning efficiency. The regression equation oletdin efficiency was found same as the sieve size inerkas
for cleaning efficiency as the function of four @&d from 5to 9 mm (Fig. 2c¢).

pendent variables neglecting the high error geimgrat Optimization of the variables was done by using the

terms was presented in the equation 6. design expert 7.0.0 software by taking threshind an
Ce =+93.50-0.67 Fr+ 1.92 Ds-0.62 Ds x Tss......(6) cleaning efficiencies as the two responses. Thehira
Where Te = Threshing efficiency, % cal optimization was presented in the Fig 3 a,. By
Mc = Moisture content, % combining the values given in the flagged areasSigf
Ds = Drum speed, rev/min 3 a, b and c the optimized values obtained were-moi

Tss = Threshing sieve size, mm ture content 7.79%, feed rate 105.31 kgirum speed
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of 626.9 rpm, threshing sieve size of 6.0 mm byrgjv  of all minor millets, only the ear heads were fatbi
the maximum threshing efficiency of 99.5% and clean the thresher.

ing efficiency of 88.5%. The values were closethe .
values obtained in the numerical optimization value COnclusion

On this basis a new thresher was fabricated wiéh th The machine was developed and the independent vari-
optimized values. ables were optimized for maximum threshing and
Testing of the thresher with all the millets: The  cleaning efficiency for threshing of all six minonil-
thresher was operated according to the optimizedets. The optimized values of the independent béei@
values of optimized operating parameters. Threshingor maximum threshing efficiency (99.5%) and clean-
of six minor millets was done and threshing capacit ing efficiency (88.5%) were 7.79% moisture content,
threshing efficiency and broken grain were measured105.31 kgh feed rate, 626.9 rpm cylinder speed, 6
The data were analyzed SPSS (v-10) to assessithe sSumm threshing sieve size. The thresher was fourtd sui
ability of the thresher for the six minor milleteich  able for threshing of all six minor millets. It was

arranged according to Duncan multiple ranges teshdopted successfully by the tribal people for thireg
(DMRT) in the Table 6. The physical parametersheft of all six minor millets.

millets were compared with each other and found sig
nificant at 5% level of significance. The outputthwi ACKNOWLEDGEMENT
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