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ABSTRACT

The existing IAR multicrop threshevasevaluated and found to have low feed rate and output
with millet and soybearcrops The machinewas modifiedand reconstructed tmcreaseits
threshing performance. Its components were increased imstc@shredder was added below
the feel hopper to cut stems of crops thattanglethe threshing cylindeand stop its motion

The begersweretilted and arraged spirally on the threshing cylinder to facilitate the flow of
threshed grainghaffand untheshed materials. Performanceihg was done anthe machiné s
performancewas evaluatedWith millet as the test crop the machigavefeed rate, threshing
efficiency, cleaning efficiency, scatter loss, grain damage arigut capacityof 14 kg/min,
99.98 %, 99.71 %, 12.18 %, 0.62 %, and 520.6 kg/hr as against 3 kg/min, 92 %, 80 %, 2.4 %, 3
%, and 81 kg/hrespectivelyfor the existing AR multicrop thresherWith soybearthe machine
gavel2 kg/min, 100 %, 97.26 %, 7.25 %, 6 %, and 205 kg/hr as against 1.7 kg/min, 80 %, 70 %
2 %, 1.94 %, and 23 kg/lmespectivelyfor the existinglAR soybean threshemherefore, feed
ratewasincreased from 3 to 14 kg/min afrdm 1.7 to 12 kghin; outputwas increased from 81

to 520 kg/hr androm 23 to 205 kg/hrfor millet and soybean respectivelyhreshingand
cleaningefficienciesfor both cropsverealsoincreasedThe ANOVA indicates that the effect of

all the factors ealuated and their interactions were significant at 1 % probability level. Further
analysis usindduncan multiple range test shows that there was significant difference betweer
the means at 1 % level of significande.good linear relationship was achievbedtween the
measured and predicted data witheguals 0.73. Hence thareshing efficiencymodel was
accurateasthe calculated-value (0.101) was less than the tabular value (1.96) at 1 % level of
significance. Optimum feed rate, threshingefficiency, cleaningefficiency, scattergrain loss,

grain damageputputcapacityof 12 kg/min,99.7 %, 97.4 %, 11.2 %, 0.02 %420 kg/hrand of

10 kg/min, 100 %, 92.5 %, 4.7 %, 0.3 %63 kg/hrwere attained formillet andsoybeanat a

cylinderspeedf 18.7 m/sandcropmoisture contendf 11.9 % and 12.2 % respectively

Vi
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background of the Study

A multicrop thresher i machinecapable of threshinghany different types of grain
cropssuch asSoybean and MilletThe threshing process mechanicabhnd thethreshercan be
poweredby several types of prime movers suchaaglectric motoy diesel or petroengines as
well as a tractor power take ofPTO) shaft.Mechanical threshing was first invented in 1786 by
a Scottish mechanical engineer Andrew Meikle for use in agriculture. It inveheedetachment
of grain kernels from the heads, cobs or pods dapgruh the crop type It takes away the
drudgery involved in the slow and laborious process of manual thgeahith cleaning. It cat
down cost of productioron farm and increase agricultural productievorldwide Since the
invention of this machine, several engineers all over the world have progressively indroduce
improved varietiesall tending to simplify labor, and to agment the quantity and quality of the

work performecdn farns.

1.1.1 Varieties of soybean
SoybeanGlysine max (L) Me is a leguminous plant that grows in tropical, subtropical
and temperate climates. The stems, leaves and pods are covered with fine tawny or gr

pubescence. The pods contain one to four seeds which are round or elliptical in shape. It gro\



erect with cufivars ranging from 450200 mm and is bushy and leafy with a growth period of
75-150 days. The pods are small, straight or slightly cur8egbearhas many varieties word
wide. The varieties found in the United StatesAsherica includes: Amsoy, Corsognd
Harosoy The varieties found in Nigeria developed by the National Coordinated Research Projec
on Soybean (NCRPS) include: Samsoyl, Samsoy2, TGX0886 TGX 344, TGX 81470,

TGX 855610. All these aresimilar in botanical characteristics and are adpge in most

northern states of Nigeria such as Kaduna, Kano, NRjateau,and Taraba (NCRPS, 1986).

1.1.2 Nutritional and economic values of soybean

Soybean is one of the worl dds most I mp
profile compared to othesources of plant protein. It provisleabout 64% of wor | do& s
meal supply and is a major source of oil, accounting for abo6 8% t ot al wor | d
(Smith and Huyser, 1987). It is an important source of high quality but inexpensivin janode
oil with dominant s upTablgoil andfeed sapplenvents for véstock.e d
It is referred to as fAmeat of the wo#l1%W 0o (
protein and 2021.5 % oil and is second to groundnut iearms oil content amongst food
legumes. Soybean production represents an important source of foreign currency especially
counties like Brazil and Argentina. Wosldide soybean production amounts tboat 130
million tones per yeamtilizing about 60 milion hectares of landThe largest producers being
the USA, Brazil, China, Argentina, and India (Smith and Huyser, 1987). Other products of
soybean include: Soybean Milk, S&purce, Soy Flour, Soybean Curd and Soybean Sprouts.
Soybeanalso containmportant nutrients including calcium, magnesium and margoBiplex
vitamins. Investigation has shown that from 1®®f soybean milk you can get 2334 g of
protein, 1.5g of lipids, 1224 mg iron. It is comparable to cow milk for amino acid and vitamin

B (Marina, 1991).

1.1.3 Varieties of millet



Millets are a group of small seeded species of cereal crops or grains belonging to the
family Gramineaend widely grown around the world for food and foddiehas slender stems
which are divided into distinct nodes. 8lteaves of the plant are linear or laiike, possess
small teeth and can grow up to 1 m (3.3 ft) in length. The inflorescence of the plant is-a spike
like panicle, made up of many smaller spikelets where the grain is produced. Pearl millet ca
reach 0.5to 4 m (1.6713.1 ft) in height depending on the cultivar and is an annual plant,
harvested after one growing season. Pearl millet may also be referred to as bulrush nridiét, cat
millet or yellow bristle grass and originates from the Sahel zone afaANillet has many
varieties worldwide. The various millet species can be divided into two broad categories: Pearl
millet (Pennisetum glaucum, P. typhoides, P. tyhpideum, P. amerigaand Snall millet
(Eleusine coracana, EragrostistéfanicumsumatrensgeDigitariaexilis). Amongst the cultivated
pearl millet in Nigeria, only twwarietiesare extensively growrdGerd PenisetunTypoids and
Maiwad PenisetumMaiwa. These two varieties are similar in every aspect, except in the grain
size. Thegrains ofdGerd (Ex- Borno) are long while those aMaiwadare more sphericaGero
constitutes the largest production of all the millet grown in Nigesth a yield potential of
2,000-3,000 kg/hawvhile the improved SOSAT varietyasa yield potentiabf 2,5003,500 kg/ha
(LCRI, 1997). Nigeria producd 13 % of the world millet in 199qQFAO, 1991).In the year
2010, the area under millet cultivation was 3.75 million hectare (FAOSTAT, 20h2)most
widely cultivated species in order of wonlle produdion are pearl millet Fennisetum
glaucun), Foxtail millet Setaria italicg, Proso millet Panicummiliaceun) and Finger millet
(Eleusine coracanaThe most important characterisgaEmillet is their unique ability to tolerate
and survive under adversendition of continuous or intermittedtrought as compared to most

other cereals like maize and sorghum (LCRI, 1997).

1.1.4 Nutritional and economic valuef millet



Millets are principally food sources in arid and semd regions of the world. lkwellet
al. (1993) rankedpearl millet as the most important cereal in the southern Sudan and the
Northern Guinea Nkama (1998) outlinedhe uses and traditional food preparations of pearl
millet in Nigeria. The grain serve as food for the majoritp@bple of Afri@a who utilize it in the
form of porridge produced frokmuhlUdur deabbke
and palp 6o0ogi 6, mill et Ibleeedr 6 nBaJaanmeirdo oinn ,we
is also used for makinfiat breador cooked toform couscousThe plant stems can be used for
roof thatch and building construction. In countries other than Africa and Indianibst widely
grown as fodderFurthermore, the seed is a valuable food resource on account of its protein an
lipidscontents: 12% protein, 3% crutieer, 4% fat (Ojediran, 2008Y.here is a growing interest
in the crop because of its utilizationiimstarch productiomn industries Therefore, consequent
on the large scale production and commereigloitation é& the cropis the need to studys
physical and mechanical attributes, whichiarportant in the design of equipment for handling,

clearing, storing and processin§gnchezt al, 200§.

1.2  Statement of Problem

I. Tandon and Panwdi989 reportedpercentage losses and grain damageechanical
threshergo be as high as 40 %. Hyetson (2003) repotted thethreshingcylinder of
these machines hawa#ficulties in rotating when bulky crops such as soybean and millet
are fed Thatthe cropstems atangled on the threshing cylinder of the machine thereby
either reducing its speed or completely stopping the rotation. This results to low threshing
capacity, low threshing and cleaning efficienci@s. a result most Nigerian farmers
accomplish soybeaand millet threshing manually by putting the sap a sackand
beatingthem with sticks to thresi€Cleaning is also done manually by winnowing. These
traditional threshing and cleaning processes a#ly, slow energy consuming and

resulsto much drudery.



il The output capacity, threshing and cleaning efficiencies of the existing IAR multicrop
thresher when threshing millet were determined to be Powereliminary performance
testconductedindicatedthat the existing IAR multicrop thresher had a maximieed
rate of 3kg/min with millet when operated at a speed 28 m/s At this speed, the
threshing efficieng, cleaning efficiency, scattéoss grain damagend output capacity
obtained withSOSAT C88 Millet varietywere92 % 80 %, 2.4%, 3.5%, and81 kg/hr
respectively. Alsp the shaker was not working effectively as most of the chaff
accumulates on the bottom sigegausingt to clogfrequenly during threshing

iii. The output capacity, threshing and cleaning efficiencies of the existing IAR praotyp
soybean thresher were low. IAR (2006) evaluatieel thresherfor performance and
reported that the threshing efficiency, cleaning efficiency, scatterdoss damageand
outputcapacity okained with Samsoef soybearvariety were80 % 70 %, 2 %, 1.94%,
and 23 kg/hrrespectively, while the values obtained with TGX 14B5variety were 86
%, 64 %, 1.6 %, 2.2 %, and 21 kg/mespectively.lt was concluded that the best
combination of cylinder speed and feed rate that gave the highest threshing@fficie
was 909pm cylinder speed arfd7 kg/min feed rate with both varieties.

iv. The high cost incurred by farmers purchasing sepdnagshingmachines per crop has
made them tdouy very ew threshersor even abandon mechanical threshing completely.
They prder to thresh their craqpmanually using different techniqueddence it is
necessaryo produce a machine that can thresh more than oneantbmake it available

and affordable to farmers

1.3  Aim and Objectives of the Study
Theaim of the studywasimprovingthethreshingperformancef IAR multicrop thresher
for higher output capacity,threshing and cleaning efficiencies lawer scatter grain loss and

grain damage.



1.4

The specific objectives are

to conduct design analysis for an improd@dR multi-crop thresher

to construct theomponents of the prototype thresher and assembly of the machine
to evaluate the performance of the thresher using Sathsoybeanand SOSAT C88
millet varietiesas the testrops

to develop a model tharedictandoptimize tethreshingoerformance of thenachine

Justification of the Study

Modifying the existinglAR multicrop thresher to improve its threshing performance will
solve the problem of farmers threshing bulky crops sudogsearandmillet manually

The mechanical threshing/cleaning process valso be faster and easier than the
traditional methods which are time wasting, energy consuming and result to much
drudgery.

Reconstructinghis machinewill increasdts working efficiency for soybean and millet
Henceincreasing their production dlse quantity of materials fed, threshed and cleaned
per minutewill increaseor both cropsit will also cut down the cost incurred by farmers
purchasing separate threshing maclperscrop.

Performancesvaluationof this machinewith soybeanand millet as the testropswill

help determine itsoutput capacity, threshing efficiency, cleaning efficiency, scattered
grain loss, grain damaged and their relationships gytimder speed, feed rate and crop
moisture content

The mathematical modedevelopedfor predicting threshing efficiency of this machine
will help researcherf®r improving and optimizinghe performanceof other spike tooth
threshers hence providinguseful techniques for understanditige operationof these

machinain different crop situations ardifferent threshing conditions.



V. Optimizing the threshing performance of this machine will help in obtaining optimum
combination of cylinder speed, feed rate and crop moisture contequired for
determiningoptimumthreshingefficiency, cleaningefficiency, scatteross,graindamage

andoutputcapacityof Samsoy?2 soybearand SOSAT C88nillet varieties

CHAPTER TWO

2.13 LITERATURE REVIEW

2.14 Researchand Development Efforts on Threshing
Several research amgvelopment efforts have been made over the years on soybean anc

millet threshers, some of which are stated below:

2.14.1 Research anddevelopment effortson soybean threshing

Singh (19®) designed apike tooth,vertical flow soybean thresher and observed that
feed rate, concave clearance and type of concave have direct effect on the losses of grains w
chaff. Atacylinder sped of 90 rpm, concave clearance of 1.681, moisture content of 9.5 %,
feed rate of 1.15 kg/min, a minimum seed damadge®®owas olained withthe thresher.

Hyetson (2003also worked on an existing IABike tooth axial flow soybearthresher.
Somemissing components of the threshegre identified and replaced attte performance of
the threshexas evaluatedising some parameterafter the evaluation, the best performance
with TGX 1485ID variety was obtainedat a cylinder speed of 9D rpm and feed rate of 20
kg/hr. This combination has 98 % threshing efficiency, 2.99 % mechanical grain damage, 75 ¢
cleaning efficiency, 2.99 % scatter loss and 22 kgthiputcapacity.Also the result shows that

threshing efficiency increases with increase in cylinder speed forvaatties.The mechanical



grain damage also increases with feed rate and cylinder speed for both varieties bu2saassoy
greatergrain damage than the TGX1485 variety. The cleaning efficiency decreases with an
increase in feed rate in both varietlasgt with an increase in speed, sam2ogppears to have
higher cleaning efficiency than the TGX 1483 variety. The scatter loss increases with eppe
and feed rate in both varietibsit TGX1485ID has the highest loss than Sam&oy heoutput
capacity &0 increasewith increase in cylinder speed and feed ratelioth varietieswith
samsoy2 having higher output capacity than the TGX14B5

Oforka (2004)evaluatedthe IAR spike tooth, axial flowsoybean thresher and obtained
the best performance comhation at a cylinder &l of 850 rpm, feed rate of 30 kg with
samsoy?2 variety at 10 % moisture content of the graifso from the results the values of the
parametes obtainedwere 96 % threshing efficiency, 2.86 % mechanical grain damage, 97 %
cleaning efficiency, 2.86 % scatter loss and 33 kgilmiputcapacity.

IAR (2006) evaluated their existing prototype spike tooth, axial flow soybean thresher for
performance and reported that the threshing efficiency, cleaning efficiency, scatter loss an
output capacity obtained with Sams@yvarietywere 80 %, 70 %, 2 %, 1.94 %, and 23 kg/hr
respectively, while the values obtained with TGX 14B5variety were 86 %, 64 %, 1.6 %, 2.2
%, and 21 kg/hr respectively. The studiso concluded that the best combioatof cylinder
speed and feed rate that gave the highest threshing efficiency was 900 rpm cylinder speed and
kg/hr feed rate with both varieties.

Anusornet al (2006) developed and evaluatedpake toothaxial flow soybean thresher.
Machinécrop parameters affecting the performance of the soybean thresher were evaluated. T|
threshingmechanism consistsf a threshingcylinder with spike toothrotating inside a two
section concave. Theiameter and length of theylinder were 420 mm and 930 mm
respectivelyThe concave was made up of mild steelaaénged longitudinally with spacing of

25 mm,the clearance between the concave and the threshlimgler was fixed at 40 mmThe



most common soybean variety KK®b grown in Thailand was used fdhe test. The
performance evaluation shows that at grain moisture content of 14.34 % (w.b.), feed rate of 7-
kg/hr and acylinder speed of 700 rprwith an average power of 1.85 k\Whe output capacity,
threshing efficiency, grain damage and grain losseveund to be 214 kg/hr, 99.49,%.6 %

and 0.80 % respectively.

2.14.2 Research anddevelopment effortson millet threshing

Several research and development efforts have been made on millet threshers, some

which are stated below:

Harrington (1970) designezh axial flow multicrop thresher using spike toothed cylinder
and a fixed concave clearance of 2.5 cm for threshing Japanese paddy and American wheat. /
% grain loss was recorded for both paddy and wheat.

Wagami (979) designed and fabricated a spikethipaxial flow millet thresherThe
thresher was evaluated Bpolaji (1980) andhe authomreported a lowoutputcapacity of 25
kg/hr.

Joshi(1981) reported thawith a spike tooth, axial floowheatthresherthreshing at 700
rom and 63.5 mm peg spacirtge threshingefficiency, graindamage, cleaningfficiency and
separation losses were 99.63 %, 0.47 %, 96.47 % and 2.4 % respectively.

Singhaland Thiersteir{1987) developed a spike tooth, axial flow thresher with a multi
crop potential. Using pearl matl at 12 % moisture content, the authaftaired a threshing
efficiency of 86 %, scatter loss of 5 % and output capacity of 400 kg/hr.

Ndirika (1994) developed and evaluated the performance spiike tooth, axial flow

millet thresher and obtained the maneh best output with threshing efficiency of 96.5 %,



cleaning efficiency of 98.3 %, mechanical grain damage of 3.5 %, scatter loss of 2.3 %, an
outputcapacity of 75 kg/hr.

Kamble et al (2003) developed and evaluatedspike tooth, axial flow pearl milte
thresher and obtained the machineds best
damage of 2.75 %, artdtal grain loss of 2.1 %. The authalso obtained 87 % germination of

the threshed seeds.

2.15 Kernel Physical and Mechanical Properties

Kebede and Mishra (1990) stated that before fabricating a thresher, it is necessary t
obtain certain design parameters based on the engineering properties of grains. These inclu
moisture content, bulk density, size, angle of internal friction and angkpo§e. The angle of
reposeor angle with a horizontal surface formed wiasinee flowing grain come to rest, can be
used to estimte the slopef the oscillating sieve. The amgbf repose for soybean is in the range
12-18° (Huji, 2001)and trat of milletis in the range 240° (Ojediran, 2008 These variations
depends orthe mechanical properties and otlactors such as size and shape of kernels,
moisture contety foreign materialgontent, presence of molds aaldo thefilling and emptying
method.
2.15.1 Mechanical andphysical properties of soybean

Huji (2001) conducted a research on the physical and mechanical propefites of
soybean varietieandthefindingsareshown inTable2. Refik et al, 2006 determine some
physicalproperties of soybean different moisture contenThe authorstated that thphysical

propertieof soybean increas@sth moisture content as showmTable2.1
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Table 2: Somephysical and mechanical preypies of two soybean varieties

Samsoy2 TGX 14851D

Parameters N® of Mean Standard | N° of Mean Standard

Sample | Value Deviation | Sample | Value Deviation
Length (mm) 60 6.39 0.47 60 6.47 0.64
Width (mm) 60 5.28 0.44 60 5.43 0.57
Thickness (mm) 60 4.69 0.51 60 4.65 0.65
Weight () 30 0.17 0.05 30 0.17 0.04
Surface Area (cf) 30 3.24 0.68 30 3.73 0.35
Volume (mnf) 30 0.21 0.03 30 0.24 0.04
Density (kg/r) 30 0.83 0.43 30 0.21 0.05
Sphericity 30 1.44 0.33 30 1.65 0.41
Roundness 30 0.63 0.07 30 0.74 0.14
Angle of Repose 20 17.50 3.97 20 12.85 3.05
Grainto Formice 20 5.10 0.86 20 7.43 2.41
Hardness (kg) 20 28.06 6.57 20 19.37 4.77
Compressive Strength 20 98.65 13.62 20 101.30 |17.30

Source: (Huji, 2001

Table 2.1 1000 seed mass and axial dimensional properties of sa/(8aD in Parentheses)

Arithmetic mean  Geometric mean

Moisture diameter diameter
content 1000 seed Length Width Thickness L+W+T mm LxWxT)H!?
% db Mass g (L) mm (W) mm (T) mm 3 mim

6.7 121.76 (4.03)  7.41 (040)  534(043)  4.50(0.39) 5.75 5.62
9.6 155.45(7.37)  8.09(0.60)  555(043)  4.75(0.52) 6.13 5.97
12.1 193.98(7.66)  9.29 (1.00)  649(0.53)  5.21(0.47) 7.01 6.80
15.3 223.65(7.66)  9.57(031)  675(043)  5.17(0.29) 7.16 6.94

L/W, Length/Width;, L/T, Length/Thickness; L/D,, Length/Geometric mean diameter
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Source: Refik et al,, 2009.

2.15.2 Mechanical, physical and aerodynamicproperties of millet

Ojediranet al (2006 determine th@erodynamic propertiesf pearlmillet and reported
thatterminal velocity increased from 3.73 to 5.13 waith increase imoisture contentrom 10
% to 20%. Ojediran(2008) conducted a research on the physical and mechanical properties o

millet using two varieties and reported his fimgs as showmiTable2.1
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Table 2.2: Somephysical properties of EBorno and SOSAT C88 millet seeds

Variety
Ex-Borno SOSAT C88
Moisture Content
(% w.b) 10 13 15 20 R? 10 13 15 20 R
Length, a (mm) 316 357 333 380 1 387 380 379 446 1
(:253) (113) (.157) (.134) (364) (.110) (.076) (.063)
Width, b(mm) 230 265 245 266 1 293 277 262 339 1
(.090) (.082) (.126) (.109) (.379) (.085) (.412) (.053)
Thickness, ¢ (mm) 154 1.64 149 16 1 205 178 219 251 1
(.069) (.179) (.086) (.049) (348) (.176) (.438) (.082)
Sphericity 7007 692  .6849 6675 1 7285 .6930 .7280 .7445 1
(.0006) (.0006) (.0003) (.0004) (.0008) (.0008) (.0008) (.0002)
1000 seed mass, (g) 7.3 9.08 9.99 1006 1 947 1142 11.09 1195 1
(Mio00) (492) (.017) (.012) (.026) (611) (.012) (.024) (.026)
Bulk density(kg/m®) 8114 684.8 6792 6464 1 817.64 728.8 7260 7256 1
(.064) (11.973)(12.749) (5.987) (.305) (8.908) (7.155) (9.329)
Solid density (kg/m®) 958.1 953.26 956.13 960.59 1 995.24 982.48 98521 988.61 1
(36.255) (35.331) (49.041) (32.458) (42.560) (18.269) (30.473) (12.082)
Porosity (%) 1517 2726 26.18 32.64 1 17.28 2037 263 2660 1
(.033) (.037) (.035) (.023) (.036) (.013) (.027) (.002)
Angle of repose (°) 32.67 37.67 3467 4000 1 29.33  34.67 34.67 40.00 1
(1.247) (.047) (.471) (0) (5.185) (471) (.471) (0)

(Numbers in parenthesis are standard deviations)

Source: Qjediran, 2008
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2.16 Threshing Parameters

Sharma and Devnani (1978) developespecially designed variable speed thresher used
for determining threshing parameters like feed rate, grain output, threshing efficiency, energ
consumption, and grain damage for soybean and cowpeasatrtitFriedmoisture content of 6.1
% and 6.5 % respectively. The authfrsnd that energy consumptian threshing was found to
be directly proportionaland highly correlated witfeed rate and cyliret tip speed, irrespective,
of the concave clearance. At the sarate of material flowthe cylinder tip speed the energy
consumption for cowpea was higherritfar soybean. Also the cleaning aseparating unitéor
cowpeaconsumed 0.62BW hr/gwhile that ofsoybearconsumed.5 kW hr/g.

This higher energy consumption at some speed and feed rate was associated with t
more bushy nature of the crop. It wasso noted that the peripheral speed of the cylinder and
concave clearance were the most important factors that causes grain damage. For the sa
cylinder speed and concave clearance, the visible grain damage was grater for soybean wher
the internal grmm damage was greater for cowpea. It was also noticed that, although at highe
speed the vigble grain damage was below 5 %, the internal damage to grain was very high a:

determined by germination test.

2.17 Factors Affecting Grain Threshing
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Threshing of soylan, millet and other similar grain crops can be done with a squeezing
action, a rubbing action or a combination of the two, and is a function of crop and machine
variables. The crop variables are related to the type, variety, maturity, and moisture ddrgent
machinevariables include théeed ratetype of cylinder and concayeylinder tip speed and

concave clearanc&larmaand Devnani 1978)

2.17.1 Cylinder tip speed

Sempleet al (1989) stated that damage from rasp bar cylinder increased with peripheral
speed, especially at speed above IH/8 The authorlso reported that the trend is one of
increased crack withncreasing odecreasing moisture content. At high kernel moisture content,
the soft kernels are easily crushed from impact loading. AtKkemmel moisture content, the
kernel becomes hard and brittle, in this condition it becomes easily fractured under impac
loading of the threshing cylindeGandraet al. (1981), investigated crack formation in maize
kernel due to impact loading.he authorfound no significant difference in both internal and
external damage at cylinder speed of 10 m/s. However, at 18me/sqquthorobtained highest
internal and external damagé&/aeiti and Buchele (1969), reported that mechanical damage to
seeds which occur ding threshing and other farm operations can seriously affect seed viability,
germination ability, growth, vigor, insect and fungal attack and the quality of the final product.
Therefore, it is important that threshing be done with care, otherwise thigtiopecan cause
damage (crack) of grain or protective husk, thus reducing the products quality and fosterin

subsequent losses from the action of insects and moulds.

2.18 Factors Affecting Grain Cleaning
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Grains cleaningccur while particles are changing therientationrapidly in a random
mannerwithin the threshingpace. The physical parameters affecting the cleaning process are
grouped into:

) Machine factors whit include : frequency of siewascillation, amplitude of oscillation,
sieve slope, length dfieve, width of sieve, sieve hole diameter, thresipregsure air
density, angle of ailow and terminal velocityf the grain

(i) Crop factor which includecrop varieties, maturity stage, grain moisture content, straw
moisture content, bulk density of grain, bulk density of straw, stalk length, grain diameter
and angle of repose.

2.18.1 Terminal velocity
Air separation, also called winnowing has been an age |y deaning method used

by man, where a mixture of grain and chaff was thrown into the air. The heavy grain fell almos

straight back onto the reed tray, while the light chaff was moved laterally by the wind beyond th

rim of the tray and fell to the grodnThe main disadvantages of natural winnowing are due to

unpredidable direction, velocity and continuity of natural wind (Aguirre a@dry, 1999).

Since the wind was not a dependable source of moving air, winnowing was later mechanize:

(Vaughn and Dd_ouche 1968). Wanget al (1994), stated that when a grain mass enters a

processing plant for cleaning, contaminants are removed on the principles of differences ¢

physical characteristics of components in the mixture. These characteristics are; shsipe, de
surface texture, terminal velocity, color, electric conductivity. The pertinent of these properties is
the terminal velocity, which is the speed a seed will attain in free fall before air resistance will
keep it from falling faster (Vaughn and Dieouche, 1968).The authorstated that this

phenomenon could be defined in another way as equivalent to that velocity of air required t

suspend the seed in a confined rising column of air. Clark (1984) stated that terminal velocit

(Ug) is given as;
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2_3d S fg
u = 939—9 (29

ug = terminal velocity (m3)

d = geometric mean of kernel physical dimensions in the three axial directions (m)
}s = particle density (kgr)

11 = fluid density (kgnt)

g = gravitational acceleration (if)s

According to Bolz (1953), the geometric mean of kernel physical dimensions in the three axial
directions can be determined as follows;

d = (mean length x mean width x mean thickn&ss) (2.2

2.18.2 Orientation of particle

Henderson and Newman (197&pted that when the oscillating frequency of a pan is
greater than the natural rocking frequency @iralate spheroid the particle will orientate itself
with its major axis parallelotthe plane of oscillatiorand when the oscillating frequency of the
pan is less than the natural rocking frequency, the pawtitlerientate itself with its major axis
perpendicular to the plane of oscillatidharrisonand Blecha(1983) observed that the natural
rocking frequency of grains is considerably larger thendscillating frequency of commercia
grain cleaners, suggesting that the major axis of kernels will be perpendicular to the plane «
oscilation. The authorstated that an equation relating the rocking frequehéz), with the

major and minor axis is giveas:
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f = therockingfrequency (Hz)

a =the length of the majaaxis mm)

b = the length of the minor axie(m)

g =the aceleration due to gravity (mr)s

Refik et al (2006 determingheaerodynamic properties of soybean at different moisture
content The authoistated that the terminal velocity of soybean increasésmoisture content

as shownn Table2.3

Table 2.3 Aerodynamic properties of soybean at different tunes content

Moisture content % d.b Terminal velocity (m/s) SD
6.7 7.13 0.31
9.6 7.49 0.62
12.1 8.88 0.50
15.3 9.24 0.56

Source: Refik et al, 2006.
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2.19 Types ofShaft Loadings

A load applied to anechanical member will induce mechanicaktts within the member
called stresses when those foecare expressedn a unit basisThe stresses acting on the
material causes deformation of the material in various manners. The deformation of the materi
is called strain when those deformations too are placed on a unit basis. The applied load may

axial (tensile or compressive), or shear. Tagous types of loadings are stated below

2.19.1 Transverse loading

Trarsverseloadingis whereforces are applied perpendicular to the longitudinal axe of
member. Transverse loading causesiember to bend and deé€t from the original position,
with internal tensile and compressive straaompanying the change in curvature of the
member. Trasverse loading also includes shear forces that cause shear deformation of th

material and increase the transverse deflection of the member.

2.19.2 Torsional loading
Torsionalloadingis where twisting action caused by a pair of externally applied equal
and oppsitely directed force couplescting on parallel planes or by a single external couple

applied to a member that has one end fixed ageotedion.
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2.19.3 Axial loading
Axial loadingis where the applied forces are collinear with the longitudinal axis of the
menber. The forces cause the memnlo either stretch or shorten.

(www.wikipedia.org/wiki/strengtiof materialétypes of shaft loadiny/

2.20 Important DesignFactors (Criteria)
In everydesign process there are many important design criteria taken into consideratior

Some of these factors are stated as follows.

2.20.1 Factor of safety (FoS)

Factor of safety (6S) also known as safety factor (SK) a designcriteria that an
engineered componeor structure must achieviéis a term describing the structural capacity of
a system beyond the expected loads or actual |&sfntially, it is how much stronger that
system is than it usually needs to be for an intended load. Factor of isafetilly defined as
the ratio of absolute strength (structural capacity) to actual dpplkel. This is a measuref
reliability of a particular designrComponents whose failure could result in substantial financial
loss, serious injury, or death may ussadetyfactor of four or higher. Non critical components

generally might have a factor of safety of two.

2.20.2 Design factor

The design factor is defined for an application (generally provided in advance and ofter
set by regulatory code or policy) and is notaatual calculation. The safety factor is a ratio of
maximum strength to intended load for the actual item that was desigesin factors for

specific applications are often mandated by law, policy or industry standards.

2.20.3 Reserve factor
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A measure of séngthfrequentlyused in Europe is the reserve factor (RW)jth the
applied loads expressed in the same units, the reserve factor is defined as:
RF = Proof Strength / Proof Load
RF =Ultimate Strength / Ultimate Load
Design stresses that have bedgtermined from the ultimate or yield point values of the
materials give safe and reliable results only for the case of static loading. Many machine par
fail when subjected to non steady and continuously varying loads even though the develope
stressesra below the yield pointSuch failures are called fatigue failure. The failure is by a
fracture that appears to be brittle with little or no visbl&dence of yielding. However when the
stress is kept bel ow #fsirdess theupart vslitemdereisdefinitely. A
When a part is subjected to a cyclic stress, also known as stress range (Sr), it has been obser
that thefailure of the part occurs after a number of stresgrsal (N) even if the magnitude of
the stress range is og& the materi@d s yi el d strengt h. Gener al |l
fewer the number of reversals needed for failler loading that is cyclical, repetitive, or
fluctuating, it is important to consider the possibility of metal fatigue whensohgdactor of
safety. A cyclic | oad well bel ow a materi

through enough cyclgsvww.wikipedia.org/wiki/strength of materiatefms used in design/

2.21 PerformanceTuning

Performance tuning is the improwent of a system performance. It is typical with
computer systems. Steps of performance tuning involve measuring; evaluating, improving an
validating until the goal are reached as listed below.
I. assess the problems by evaluating the performance ofabline before modification.
il. analyze the result.
iii. identify the parts of the machine that were critical for improving the performance. These

were the bottleneck.
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Vi.

Vi.

2.22

(@)

(b)
(©)

modify these parts of the machine to remove the bottleneck.

evaluate the performance of thachine again after the modifications were completed.
if the modification makes the performance better, adopt it. If the modification makes the
performance worse, put it back the way it was.
(www.wikipedia.org/wiki/performance_tuning).

Certain rules shoulbe kept in mind when optimizing performance:

performance tuning must be part of every project.

do not optimize early in the development cycle.

performance is only as good as the weakest link.

always think about capacity vs. volume.

optimizeimportant things first.

never optimize without realistic goals.

(www.docs.adbe.com/docs/en/ca/6-1/deploying/performance.htinl

Threshing and Separation Model Development

Threshing and separation process can be divided into the following sections:
Detachment of the grains from the ears by which the grains becomes free separable grai
in the threshing space.

Segregatiomnf free grains kernels throbghe straw mat to the concagedte surface.
Passingf free grains kernels through the openingarficave or grates.

(Huynhet al., 1982, Miu, 1994, 1995)

(Wacker, 1985Gasparett@t al, 1989; Miu, 2002has developed the universal

mathematical model for grain threshing and separation. The distribution frequency of un

threshed grain percentage irttee threshing space is a continuous variable. At the end of the

threshing space (exgL for axial unit), the urthreshed grain becomes threshing [856%0).

V=S, (L=’ (2.9
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Where,

V; = Threshindoss (%)

S, = Percentagef un-threshed grain

L = Lengthof the threshing space (m)

a= Spacdncrements between respective successive event changes (m

Enaburekan (1994) developed mathematical and optimization models for the threshin
process in a stationary grain thresher gsiheat and sorghum. Hieveloped amongst others

the following threshing efficiency model:

Et —1- @ 3K/ (@ayvwbL2QC 259
Where,

E: = threshingefficiency (%)

Kt =threshingconstant

} =cropbulk density kgm®)

a =cropmoisture content (%, dry basis)

V = velocity of threshing cylinder (m/s)

W = width of thresher (m)

D = effectivecylinderdiameter (m)

L = concavdength (m)

Q =cropmass feed rate (kg/s

C= concaveclearance (m)

Miu, (1995) developed a universal rainatical model of grain threshing and separation
andwasapplied to tagental feeding(Miu et al.,2008. The probability that grains will reach

the separation surface is the same over the separation length as the probability of free gre

passage throdgthe openings of separation surface (Hugnlal, 1982; Mailander, 1984; Miu,
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1994, 1995; Miuet al, 2008 Kutzback and Quick, 1999). The probabilistic laws that

respectively describe the above mentioned events were identified as follows:

@ F.0)=e’> (2.6)
b  F® =,_/—b(e"’* -e) 2.7
©  Fs(X :%[/ (- e)- - &) 2.9
Where,

Fx (X) = unthreshed fraction over the threshing length, x.

F(x) = free grain fraction

Fs (X) = cumulative separated grain, fraction

& abndare probability density function,

length ). They represent space increments between respective successive event chang

/ =specific threshing / segregation ratejm

b = specific separation (1)

Ndirika (1997) developed mathematical and optimization models for the threshing
process in a stationary grain thresher using millet and sorghlienauthordeveloped amongst
other things the following thresig model:

- 15K, 7 gDVpLe

T,=1-¢€ (- O)F 2.9

Where,
Te = threshingefficiency parameter (%)
K: = threshingconstant
} = bulk density (kg/m)

Vp = cylindervelocity (m/s)
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L= concavdength (m)
F, = feedrate (kg/$
D = cylinderdiameter (m)

b = moisturecontent (%, dry basis)

2.23 Dimensional Analysis
Dimensional analysis offers a method for reducing complex physical problems to the
simplest form prior to obtaining a quantitative answer. To understand its principles, we mus

return to some of the vefyndamatal concepts in science (Son2901)

2.23.1 Methods of dimensional analysis

Thefollowing two methods are important to develop Hitect of physical quantities:
I. Rayl eighds met hod.

This method of dimensional analysis was originally proposed by Lord Rayreib$09.
In this method, functionalelationship of variables iexpressed in the form of an exponential
equationwhich must be dimensionally homogeneoust has been obser v
method of dimensional analysis becomes bulky when more va@ablenvolved. In order to
overcome this, Buckinghamés met hod may be
il. Bucki ngiheomins pi

When a complet&ffect of dimensional physical quantities is expressed in dimensionless
form, the number of independent quantitiestappear in it is reduced from the original n t&,n
where k is the maximum number of the original n that are dimensionally independent.

Thus
if p, =F(ALA,....,A) (2.10
Then
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’ 0: f (, 1y Z!é’ ) ’ r<n) (21])
Where,

" = dependent variable.

Ai, Ao,€ A= independent variables.

"1, 2,€",  1<n=non dimensional groups of@s .

F, f= functional relationshipsf A0 s ‘aonsd r especti vel y.

Every correct physical equatipthat is every equation that expresses a physicallyifisignt

Effect of numerical values of physical quantities must be dimensionally homogeneous.

Dimensionally homogeneity imposes the following constraints on any mathematical

represerdtion of a relationship:

i. Both sides of the equation must have the samermtion

il. Where a sum of quantities appearsf,irall the terms in the sum must have the same
dimension.

iii. All arguments of any exponential, logarithmic, trigopnometric or other special functions
that appear iimust be dimensionless.

For example; if a physical equation is represented by

A=Be‘C-(DLEDZ)+F (2.12

C must be dimensionlesB; andD, must have the same dimension, @), D/EandF must
have the same dimension. An important consequence of dimensional horogetieat the
form of a physical equation is independent of the size of the base units.

2.23.2 Methods of determiningpi terms

i. Inspection method

il Stepby-step Method

iii . Exponent Method
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2.24 Performance Optimization

To optimize is to make as effectiyegrfect, or useful as possible. In mathematics it is to
determine the maximum or minimum values of a specified function that is subject to a set o
constraints. In engineering design it is to find the best compromise among sefteral
conflicting requirenents(www.thefreedictionary.com/optimize)

Process optimization is the discipline of adjusting a process so as to optimize som
specified set of parameters without violating some constraint. The most common goals ar
minimizing cost, maximizingutput and/or efficiency. When optimizing a process, the goal is to
maximize one or more of the process specifications, while keepingttars within their

constraintgwww.wikipedia.org/wiki/process_optimization)

2.24.1 MATLAB optimization process
MATLAB optimizationis done with MATLAB softwareA MATLAB optimization tool
Aopt i mstusedtb éelect the solver, the optimization options and to run the problem. The
optimization tool provides a convenience interface to all optimization routings including those of
Gengic Algorithm and Direct search toolbox functions and the results exported tefige dvl to
the MATLAB workspace as a structuiehe optimization tool also made it easier to:
I. Define and modify the problem quickly
il. Use the correct syntax for optimizatiumctions
iii. Import and export from the MATLAB workspace
iv. Generate code containing configurations for the solver used and options
V. Change parameters of the optimization during the execution of certain genetic
Algorithm and direct search Toolbox Functions
Thesteps involved in th&MATLAB optimization processnclude
I. Problem formulation

il. Defining the problem in the MATLAB toolbox syntax

27



iii. Running the optimization
Iv. Interpreting the Result

(Cleveet al, 2008.

2.25 Description of theExisting IAR Multicrop Thresher

The IAR multicrop thresher is a vertical flow thresher consistiofy the following
components: deed hopperthreshingunit, suctionunit, shakerunit, sieve platg shaker tray
structuralframe and power transmissionunit. The feedhopper which is trapeadal in cross
section is constructed from gauge 18 mild steel nsftaét with a dimension of 375nmx 50
mm x 332 mm. The threshing unit consists afcylinder, beaters and perforated conc#late
Clearance between the free end of the bsaiad conoca was20 mm for soybean threshing
and 10mm for millet threshingBeaters made of radpars areattachedon the cylindricat
shapedhreshingcylinder. A concavesieve platanade of square iron rods locatedbelow the
threshingcylinder to separate the threshed grains from the ch&dfthe threshed matersl
flows down thefunnel by gravity onto the shakewhaff are further removed bg suctionfan
located at one end of the shakéhe shakesieve plateconstructed with gauge 16 mild ste
metal sheet is positioned inside the shakeseparate the chatfiat falls along with the grains
The clean grain is then collectedthe bottom tray and conveyed through the grain oullet.
structural frame consists of fouerticalangle iron1000 mm high positioned at the four corners
of the machineTwo angle iron800 mm long are welded along its length to support the bottom
cover of the machine while two square pipes @i long are welded along its width to support
the bearings of the threshinglinder. The powertransmission unitonsistsof pulleys, V-belts
and a 5 i petrolengine mountedn a structural framé he thresher is stationary with its estir
weight restingon the ground. Apreliminary performance test conducted, indicathat the
existing IAR multicrop thresher had a maximum feed rate dgBnin with millet when

operated at a speed of P@s At this speedthe Threshingefficiency, Cleaningefficiency,
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Scatterloss Grain damageand Outputcapacity okained withSOSAT C88 Millet varietywere
92 % 80 %, 2.4 %, 3.5 %, and 81 kg/hr respectivBhates2a and 2kare rear and front views

of the existing IAR multicrop threshessed for threshing millet and sorghum.

LAl SAHAND
MULTICHOR

e

Plate2a: Rear view of the existing IAR multicrop thresher used for threshing millet and
sorghum.




Plate2b: Front viewof theexistinglAR multicrop thresheused for threshing milleind
sorghum.

CHAPTER THREE

3.0 MATERIALS AND METHODS

3.24 Design Considerations
The following factors were considered in the design of the multicrop thresher:

I. The choice of materials used for construction of the machine was based on durability
strength, cosand availability in the local market.

il. The size of the feed hopper wasreasedo accommodate bulky crops.

iii. The threshinglrumdiameter was varied along its lengthincrease volume

iv. Theperipherathreshing cylinder speeds were in the range 10 to 20 m/s.

V. Millet and soybean min characteristics were consider@d determining concave
clearanceandsieves hole diameter of tikencaveand shakesieves

Vi. Theterminalvelocities offree fallinggrains wereconsidered in determining theimber
of blades on thblower for perfect cleaning

vii.  Thefrequency of tk shaker was maintained a#t Hiz andthe shaker tray was maintained
at a slope angle of 230 the horizontal for easyrainflow.

viii.  All power transmission was made to take place at one end of the shaft

iX. Themoisture content wet bases considered were in the range 10 % to 16 %.
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X. The strengtlof soybearand milletstem was considered selectingthe thickness of the
shredder, top sieve aheaters

Xi. The total volume of crop fed per minute was consideredelecting the volume of the
hopper and threshing chamber.

xi Theoper ator 6s s af bytlogating theo pecea rastandt adesefbm all
rotating machine parts and crop partsgheopeled by themachine

xiii. ~ Towing of themachine was considerd&y incorporating a tow bar and rear wheels.

3.25 Selection ofConstruction Materials

The following materials wereselected andised: Gaugel6 (3 mm) and 18r{&n) mild
steel shets, medium carbon steel rods1@0), angle iron bar (250 mm x 250 mm x 3 mm),
square pip€250 mm x 250 mm x 3 mm), pulleys (of different diametershelts (of different
lengths), Flat belt, bolts and nuts, bearings (of different diameters), spraying machine, leaf gree

paint and two 14 inches tires.

3.26 Design Equations (Design Theories)

The folowing equations weremployedn thedesignof themachine

3.26.1 Determination of blower casing diameter

Mohammed (2009) andem (1981) stated that the airflq@,) through a blowr is
given as

Q,=V3D3W (3.2)
Where,

V= velocity of air required for cleaning, (Mg

D = depth of air stream (m).

W= width over which air is required (m).

31



The authorsstated that the efficiency @f centrifugalblower is 30 %. Therefore, theoretical air

discharge Q) is given as:

=Q

& 0.3

(3.2

Also, the outer casing of a blower should follow a spiral of the arithmetic form given by the

equation below:

9=9,1+k ¢ (3.3
Where,
9 = radius of casing at M. shift from i
J0 = initial radius of casingmm).
k = constant (0.0020 to 0.0023)

d = angular displacement in degrees

3.26.2 Determination of shaker frequency of oscillation
HarrisonandBlecha(1983) stated that an equation relating the rocking frequie(ity),

with the major and minor axis is givas:

=t

Oa2

0
¢

@%m

CD>E5*

0]
+6g) (3.9
)

~
Y s

d

Where,
f = therockingfrequency (Hz)
a =the length of the majaaxis (nm)
b = the length of the minor axism)

g =the aceleration due to gravity (mrf)s

3.26.3 Determination of threshing cylinder diameter
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Hem (1981) recommended the peripheral cylinder spefent maize threshing to falh
the range 750 to 1220 m/min, whN&ohammed (2009) recommended the number of revolutions
of the threshing cylindeX for maize hreshing to fiin the range 46 to 986 rpm. The threshing
cylinder diameter was determined by Hem (1981) and Mohammed (2009) as follows:

V =DN (3.5
Where,

D = diameterof circle inscribed by beater tip (m)

N = numberof revolution of thehreshing cylinder (rev/min)

V = peripherakylinder speed (m/min)
V
HenceD = —

Also,D=d+2p

Where,
D = diameter of circle inscribed by beater tip (m)
d = diameter of threshing cylinder (m)
p = height of peg (m)

Therdore, d = D- 2p

d d=— >
an =—-2p
oN

3.26.4 Determination of concavesieve radius
Nalado (2006) and Mohammed (20@®tedthe expression for determining the concave

sieve radius as follows:
r.=ry +h,+c, (3.6)

Cc

Where,

r. = radius of concave sieve (mm)
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rq = radius of threshingylinder (mm)
hp = height of peg (mm)

Cc = concave clearance (mm)

3.26.5 Determination of sievehole diameter
(ASAE, 1984) statedthe expression for determining the diameter of sieve hole as

follows:

Where,
e = equivalentdiameter(sieve holeYmm)
Vg = grainvolume(mnm’)
3.26.6 Determination of power required for sieve oscillation
Hem (1981 )stated that the power required for oscillation is the summation of the power
required for movement in the vertiand horizontadirections.

Power required foverticd and horizontamovementveregiven as:

w3 N3 23y
KkW=—="—_— 7 3.8
W 4500 39
w, 3 N3 nm? 23 X
kW, = — (3.9

4500
Where,
kW= the power required for vertical movement
kW, = the power required for horizontal movement
ws= weight of reciprocating undalong with the material on ik§)

N = eccentric speed (rpm)
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y = the verticaldisplacement of the reciprocating system in meter per stroke
x = the horizontal displacement of reciprting system in meter per stroke
¢ =the kinetic coeffiognt of friction at hinge points

Total power required fasieveoscillationwasthereforegivenby:

P = kW +kW,

3.26.7 Determination of weight of the blower blades

Hannah and Steven (1984)atedthe expression used for determining the weight of
blower blades\W,) as follows:

W, = adgv (3.10
Where,

W, = weightof blower blade (N)

Ui = densityof blower galvanized steel blade (kgjm

g = acceleratiordue to gravity (mA

v = volumeof the blower blades (length x width x thickness)(m

3.26.8 Determination of fan speed required for cleaning
Joshi (1981)statedthe expression for determining air discharge through the blower as

follows:

v :% (3.1

Where,
N = fan speed (rpm)
V = airvelocity required for cleaning (m/s)

r = distancebetween the center of the shaft to the apex of theléade (m)

3.26.9 Determination of air discharge by blower

Joshi (1981) stated that the flow rate wagiven as:
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Q=AV (3.12
Where,

Q = air flow rate (nt/s)

A = area of inlet duct of the blower fn

V = terminal velocity of the threshed grdaar velocity required for cleaningim/s)
But A=LW
Where,

A= area of inlet duct of the blower §n

L = length of inlet duct of the blower (m)

W = width of inlet duct of the blower (m)

3.26.10 Determination of number of blades

Joshi (1981) stated that thamber of bladesequiredby a blowemwasobtainedas:

N, = (3.13

<lO

Where,
Ny = number of blades required
V= volume of air displaced per blade¥m

Q= requiredair flow ratefor cleaning(m®/s)

3.26.11 Determination of pulleys diameter

Hannah and Stephen (19&tatedthe expression used for determining pulleys diameter
(D) as follows:

N,D, = N,D, (3.19
Where,

N; = speed of drive (petrol enginglilley (rpm)

D, = diameter of drive Pulley (m)
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N,= speed of driven pulley (rpm)

D, = diameter of driven pulley (m)

3.26.12 Determination of belt length
Khurmi and Gupta (200&tatedthe expression used for determining length of each belt

of a machinel() as follows:

(D-d)
4c

L=%(D+d)+2c+ (3.1

Where,
L = effectivelength of belt (cm)
¢ =centerdistance from drive to driven pulley (cm)
d =outsidediameter of drive pulley (cm)

D =diameterof driven pulley (cm)

3.26.13 Determination of belt speed

Hannah and Stephen @4) statedthe expression used for determining speed of each belt

of a machineY) as follows:

v=£22 (3.19

Where,
N = drive speed (rpm)
D = diameterof drive pulley (m)

V = beltspeed (m/s)

3.26.14 Determination of belt tensionratio

Hannah and Stephen (198gtatedthe expression used for determining the tension on

each belt of a machin&)as follows:
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Lt=e (3.17)

Where,
T:= tension on the tight side of belts (N)
Ts= tension on the atk side of belts (N)
d=angle of lap9
b = one half angle of the pulley groov® (

K = coefficient of friction between the belt (rubber) and the pulley (steel)
Also  TiTs= % (3.19

Where,
m = torsionalmoment(Nm)

r = radiusof driven pulley (m)
3.26.15 Determination of torsional moment

Hannah and Stephen (1984) established the expression used for detetorsiomgal

momentof a machinerty) as follows:

P 20N
=—, and w=——
m 60
Hencem = PX0 (3.19
20N

Where,
m = torsional moment (Nm)
P = rated engine power (kW)
w = angular velocity (rads/sec)

N = rated engine speed (rpm)
3.26.16 Determination of angleof lap (contact) of belt
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Mohammed (2009etermineghe angle ofap (d) of a V- belt as follows:

d; = 180- 2sin-1%eR(':—r8 (3.20
(; -
. 1aR-r1Q
d>= 180+ 2sin aec—o (3.21
(; -
Where,

R = radiusof larger pulley (mm)

r=radiusof smaller pulley (mm)

C = centerdistance between driven and driving pulleys (mm)
dy =angleof lap for smaller pulley®}

d» =angleof lap for larger pulley?

3.26.17 Determination of power required by the engine

The power required by theengine for threshingand cleaning soybeanillet was
determined by the relationship:

Pe = Pr+Pc (3.22
Where,

Pe = enginepower (kW)

Pt = powerrequiredfor threshing (kW)

Pc = powerrequiredfor cleaning(kW)

But,
Pe= TeWe
Pr=TWr
Pc=TcWc
Where,

Te = engine torquéNm)
WE = angular velocity of engingads/sec)
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Tt =torquerequired for threshin\Nm)
W4 = angular velocityrequired for threshingrads/sec)
Tc=torquerequired forcleaning (Nm)

W = angular velocityrequired for cleanin¢rads/sec)

3.26.18 Determination of power required by the blower

The power required by the blower was determinedording to Williamet al. (2015

thus:
P=PQ (3.23
P, = Lo
2
Where:

P = power required by the blower (W)

Py = dynamic pressure (Nfin

Q = volume flow rate (ris)

;] = densitdy of air (kg/m

V = velocity of air(m/s)

3.26.19 Determination of weight of a material

Hannah and Stephen (19&tatedthe expression used for determinitige weight of a
material as follows:

W =agv (3.29
Where,

W = weight of materiall{)

Ui = density of galvanized stegdg/m®)

g = acceleration due to gravityn(s)

v = volume of the material (length x width x thicknessf)(m
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3.26.20 Determination of shaft diameter

To determine the diameter of a shaft ASME code (1948) stated that the maximurr
allowable shear stress is obtainedhaslower value of 18 % ultimate tensile stres$ #8d 30 %
yield stress (g. And for shaft with keyway the maximum alNable shear stress is reduced by
25 % to take care @hestress concentration.

Hall and Holowenko (1982tatedthe expression foredermining the diameter of a shaft

that is subjected to only bending and torsasrfollows:

d* =22 [(k,M, ) + (KM, ) (3.25)

a

Where,
d = shaftdiameter (m)
S, = allowableshear stress (N
My = bendingmoment \m)
M; = torsionalmoment (Nm)
Kp = combined shock and fatigue factppliedto bending moment (1.5)

K= combined shock and fatigue factppliedto torsional moment (1.0)

3.27 Design Calculations
The following calculations were conducted in the design of the madbetails of the

calculagionsare shown oppendixA.

3.27.1 Determination of blower casing diameter

The diameter of blower casing was determined using the expréssquoation (3.8
g=9,(1+k ¢
% = radius of blade + clearance =176 mm + 14 mm = 190 mm

k =0.0023
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d=15° (assume a displacement of?Xtom initial position)
2=190 (1+ 0.0023x15) = 196.555 mm
A radius of 197 mm wadeterminedhus, the diameter of the blower casing wakosen to be

394 mm.

3.27.2 Determination of threshing cylinder diameter

The threshingcylinder diameterwas carefully selectedThe threshingcylinder was
desigredto havetwo different diameters along its lengfh.sectionon the cylindemwas chosen
to have a diameter &#10 mm.This forms the larger diameter section of the threshing cylinder
which lay directly below the feed hopper so that crops such as soybean with cultivars rangin
from 450mm to 1200

mm will not entangle easily on the cylindémother section on the cylinder was chosen
to have a diameter of 160 mrhhis forms the smaller diaster section of the threshing cylinder
with a larger threshing volume to accommodate much threshing material at aBuihe.
diametes werecarefully selected to solve the problem of bulky crops such as soghdanillet
entanglingthe cylinder causing ito slow down or sto@swas observen the existinglAR

multicrop thresher

3.27.3 Determination of sieves hole diameter

The diameter of sieve hole was determiosphgthe expression in equation (3.7

D, = [6\/g /p]%

The grain volume of SOSAT C88 millet seed at 20 % moisture cov§en87.9496 mm

For easy discharge of grains the chosen diameter was made 20 % larger than the calcula
equivalent diameter of the millet seed.

Thus, the chosen diameter= 0.2D, +De¢

The sieve hole diameter for millet threshing was determined to be 5 mm.
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The grain volume of GX 1485ID soybean seed at 15 % moisture contg#163.36 mm

For easy discharge of grains the chosen diameter was made 25 % larger than the calcula
equivalentdiameter of the soybean seed.

Thus, the chosen diameter= 0.29 +D¢

The sieve hole diameter for soybean threshing was determined to be 8.5 mm.

3.27.4 Determination of the concave sieve radius

The radius of the concave sieves was determigety he expressiom equation (3).

r.=ry+h, +c,

C

rq = 80,hp, = 130,c; = 20 for soybean ant = 10 for millet

Thus,r: =80 + 130 + 20 = 230 mm

The soybean concave sieve radius was determined to be 230 mm
Thus, re=80+ 130 + 10 = 220 mm

The millet concavesieve radius was determined to be 220 mm

3.27.5 Determination of fan speed required for cleaning
The fan speed required for cleaning was determined using the expression in equatic
(3.1D.

2N

V="1—_
60

Theterminalvelocity of millet(V)=5.13 m/s, = 0.176 m

3 3
Hence,5.13= 2°p*0176° N
60
3
:—5'13 60 =278.1 rpm
23 p30.176

Thefan speed required for cleaning millet wietermined to b278.1 rpm

Theterminalvelocity of soybear(V) = 9.24 m/s, r = 0.176 m
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23 p301762 N
60

Hence, 9.24=

9.243 60

=——— —— =501.1 nm
23 0% 0176

Thefan speed required for cleaning soybean determined to b801.1 rpm

3.27.6 Determination of air discharge bythe blower
The air discharge by the blower was determined using the expression in e(@idfpn
Air flow rate (Q) = AV
But the area of inlet duct of the blowg) = LW
L=0.510 mW=10.126m
A=0.510 x 0.126 = 0.06426°m
Considering the terminal velocity of the heavier g\éim 9.24 m/s
Therefore, Air flow rate = 0.06426 x 9.24 = 0.5938 {s)
Since theefficiency of a blower is 30 %, (Hem, 1981) the actual air flow rate was given as:
Q.=0.3x 0.5938 = 0.1781 (its)

Therefore, the actual air flow rate of the blower was determined to be 0.1%8) (m

3.27.7 Determination of the number of blades required
The nunier of bladesequiredwas determinedsing the expression in equati(g13).
Volume of air displacee Area of blade x Distance covered by blade per second
Vv =(3w)? (03 D)
[ =430 mm =0.43 pw=130 mm = 0.13 D = 260 mm = 0.26 m
Therefore,V = (0.433 0.13)3 (p? 0.26)= 0.04566 (rYs)

The number of blade®f) required = Actual air flow rate / Volume of air displaced per blafle (

Q.

Nb:V
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_Q._ 01781 _,,

PV 0.04566
Nn= 3.9 & 4

The number of blades required by the machinedessrmined to be four

3.27.8 Determination of weight of the blower

The weight of the blower was determinging the expression in equati($110).

U= 7850 (kg/m), g = 9.81 (m/$), v=(0.43 x 0.13 x 0.002) = 1.118 x 1 (m®)
Hence, dlfour blower bladedV,= 34.4 N

The weight of blower shafif,) = 18.9 N

The weight of blower pulleyis) = 13.1 N

Therefore W, = Wy + Wo+ W5 = 34.4 +18.9 + 13.1 = 66.4 N

Theweight of the blowewas determined to be 66.4 thusthe mass was 6.64 kg

3.27.9 Determination of pulley diameters
The pulley diameters were determinesingthe expression in equatigd.14).
N,D, = N, D,
The diameter of the driven cylinder pulléd.j was determined as shown below:
N; = 1300 rpmPD1 = 100 mmN,= 650 rpm

Thus, D, = ND, —1300400_ 200 mm
N, 650

The diameter of the driven cylinder pullBywas chosen to be 200 mm.
The diameter of the shaker pulldy,f was determined as shown below:
N3 = 650 rpm,D3z = 90 mm,N; = 189 rpm

Thus, D, = N;D, _ 6502 90 _
N, 189

309.5 & 310 mm
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Thediameter of the shaker pulley wasterminedo be 310 mm.
The diameter of the blower pulleR£) was determined as shown below:
Nz = 650 rpom D4 =200 mmNs= 929 rpm

N,D, _ 650° 200

Thus, D, =
N 929

=140 mm

Thediameter of the blower pulley wagterminedo be 140 mm.

3.27.10 Determination of belt lengths

The length of each belt was determinisihgthe expression in equati@d.15).

2
L=P(D+d)+2c+D-9)
2 4c

The cylinder beltength (;) was determined as shown below:

¢ =107 cm,d =10 cm,D =20 cm

2
Thus, L, :§(20+10)+2(107)+M = 261.4 cm OR%z 104.5 & 105

4(107)
Thecylinderbeltlengthwas determined to b&105.
The shakebelt length ;) was determineds shown below:

c=42cmd=9cm,D=31cm

(31- 9)? 497 _

Thus, LZ:%(31+9)+2(42)+ =149.7cm O 59.9 & 60 inch

Theshaker beltengthwas determined to b&60.
The blower belt lengthLg) was determined as shown below:

c=64cmd=20cm,D =14 cm

(14- 20)

Thus, L3:%(14+20)+2(64)+ =18L5cMOR—>= 72.6 & 73 inc

Theblowerbelt lengthwas determined to b&73

3.27.11 Determination of belt speed
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The speed of each belt was determinsithg the expression in equati16).

V:@
60

When the prime mover was set at 909 rpm, the cylinder belt speed was determined ¢
shown below:
N =909 (rpm)D = 100mm = 0.1 (m)

3 3
Thus,V, :%0909: 4.76 m/s

Thecylinderbelt speedvas determined to b&76m/s.
Whenthe prime mover was set at 909 rpm, the shaker belt speeatkbteamined thus
N1D1 = N2D>
N1 =909 rpm, @ =100 mm, B =200 mm
N, was determined to be454.5 (rpm)
D3=90mm = 0.09 (m)

_ p30.09% 4545
V, =
60

Thus, =2.14 m/s

Theshakemelt speed was determined toh&4m/s.
When the prime mover was set at 909 rpm, the blower belt speed was determined
shown below:
N2 = 454.5 (rpm)
D,=200mm = 0.2 (m)

3 3
Thus,V, = %04545: 4.76 m/s

Theblowerbelt speed was determined toh&6m/s

3.27.12 Determination of angles of lap (contact) of belts
The angle of lap (contact) &f-belt ona pulley was determined ungy the expressin in
equations (3.20) and (3.21
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d, = 180- 2sin'18‘eR'—r8

QC -

d,= 180+ 2sin 18R "8

¢ C =+

The belt lap angles betweprime mover anaylinderpulleys:

R=100 mmy =50 mm andC = 1160 mm

Thelapangleon the prime mover pulley was 175.4nd that on theylinderpulleywas 184.9.
The belt lap angles betweewlinderand shaker pulleys:

R= 155 mmy =45 mm andC = 420 mm

Thebelt lap angle on theylinderpulley was 149.68 and that on the shakpulleywas 210.4.
The belt lap angles betweeylinderandblowerpulleys:

R=100 mmy = 70mm andC = 640 mm

Thebelt lap angle on theylinderpulley was 185.4and that on the blower pulley was174..6

3.27.13 Determination of power required to oscillate sieve
The power required to oscillate sieve was determined using the expressgpuations

(3.8) and (3.2

w3 N3 23y
k =_s = - 7
W 4500

w3 N3 P 23 X
kW, = —
Ve 4500

ws =15 kg,N =900 rpmx=4cm,y=4 cm anc¢ 9.08

Power required for vertitanovemeni{kW;) wasdetermined to be = 0.24 kW
Power required fohorizontalmovemenikW,) was determined to be = 0.02 kW
Total power require® = kW, + kW,

P =0.24 + 0.02 =0.26 kW

Thepower requiredo oscillate sievavasdetermined to b8.26 kW

48



3.27.14 Determination of power required by the blower

The power required by the blower was determinsthg the expression in equation

(3.23.

P=P,Q
P, =12
2

}  =1. 1%630°%,y ~ m24 m/s, Q = 0.5938%/s

P, = %3 1.1659.24)° = 49.73 N/m

P =4973 0.593¢= 29.53 W = 0.03 kW

Thepower requiredy the blower wasletermined to b8.03 kW

3.27.15 Determination of power required by the engine

The power requiretdy the engindor threshing soybean or millet was determined using
theexpression in equations (3.22
Pe=Pr+Pc
But, Pe= TEWg, Pr= T:Wr, Pc= TcWe

The power required for cleanin@d) equals the power required by the shaker and the
power required by the blower.
The power required by the shakesas determined previously 826 kW and thatrequired by
the blowemwas also dertermined to BeD3 kW.
HencePc=0.26 + 0.03 = 0.29 kW

The power required to thresh crepguals the total torque on the shaft multiplied by the
total angular velocity.
Thus, P =T;W,;
The total torque on the shaifs equalto the effective torquen thebeatersrequired for cutting

plus that required for threshing.
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Hence, Tt = 23.94 +7.56 = 31.5 Nm

The threshing speed of the IAR thresher for soybean and millet was determined durin
preliminary test to be (20 m/dyrom Appendix O3 the diameter of the peripheral cylinder was
420mmor 0.42m Hence, theequiredspeed of the threshing cylinder for ttheveloped thresher

was determined as follows:

V :@
60
3
20:,0 420° N
60
3
_ 60° 20 — 90apm
p3042

Hence for thedevelopedhresher 20 m/s equals to 909 rpm.

Thus

W, = 2PN _ 2p909_ 95.19rads / sec
60 60

And B =T;W,;

R =31.5% 95.19 = 2998.49W = 3 kW
Therefore the power required for threshing soybean or millet was 3 kW.
The engine power required for threshing soybean or millet was determined thus:
Pe=Pr+ Pc
Pe=3+0.29
Pe=3.29 kW
The engine power required for threshing and cleaning soybean or millet was determine

to be 3.29 kW.

3.27.16 Determination of belt tensiors ratio
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The tension on each belf)(was determined using the expressions in egoat(3.17),

(3.18) and (3.1P

P 20N
=—, and w="—
m w 60
P3 60
Hence m =
Z2pN
Also, m=(T{iTyr
T Ts = m
.
L _ ema,:0$c(b)
TS

d=175.2,6=20 andu =0.5

Thebelt tensiordriving the cylinderpulley on the slack sideas 7.0410“°N and thadriving
thecylinder pulleyon the tight sidevas 313.3N

Theinitial tension on theylinderbelt (T;) was 56.65N

d=149.6,b=20¢ andu=0.5

Thebelttensiondriving the shakempulley on the slack side/as9.2x10* N andthatdriving the
shakemulleyon the tight sidevas35.23N

Theinitial tension on the shaker bel was17.62N

d=185.4,b=20andu=0.5

Thebelttensiondriving theblower pulley on the slack sideras1.25«10* N andthatdriving the
blowerpulley on the tight sidevas 9N

Theinitial tension on thdélowerbelt (T;) was 4.9\

3.27.17 Determination of shakerfrequency of oscillation
The frequency of oscillation of the shaker tresas determined usig the expession in

equation(3.4).
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N~

ki
+
()
2L

= (%p)%g%iz ) 1%

é
With a = 505mm, b = 140mmand g = 10000 mns
Thefrequency of oscillation of the shaker tray was determined to be 2 Bhideefore the shaker

makes 2.4 circles per second.

3.27.18 Determination of torsional moment

The maximum torsional moment was determinsthg the expression in equatidhl9.

20N 3
m:E, w=——Hencem= P 60
w

60 20N

Determination of torsional moment required for threshing (M)

From above, the total torque on the shaft required for threglasgalculated to b81.52Nm
Determination of torsional moment required by shakershaft (M)

P = 0.26kWandN = 454.5rpm

M, =5.46Nm

Determination of torsional moment required by the blowershaft (Ms)
P = 0.03kWandN = 454.5rpm

M3z =0.63Nm

The maximuntorsional momentf the machine was given by:

m =Mz + Mz + M3

m = 31.52 + 5.46 + 0.63

m = 37.61INm

Themaximum torsional momenised forthreshing and cleaningas 37.6INm

3.27.19 Determination of total load on the threshing cylinder shaft

The weight of a materialas determinedsingthe expression in equation (3)24
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W =ahv

Determination of threshing cylinder weight (W)

U= 7850 (kg/m), g = 9.81 (m/$) andv = 2.271 x 1C (m°)

W;= 7850 x 9.81 x 2.271 x 10= 174.9 N

Determination of beaters weight(\W>)

U= 7850 (kg/m), g = 9.81 (m/$) andv = 9.31 x 10" (m°)

W,=7850 x 9.81 x 9.31 x 1b=71.7 N

Determination of chaff thrower weight (W)

U= 7850 (kg/m), g = 9.81 (m/é) andv = 2.1 x 10*(m?)

W3= 7850 x 9.81 x 2.1 x 1% 16.2 N

Thetotal load on the threshing cylinder shatis given by:

W=W;+W,+W;

W=1749+71.7+16.2=262.8 N

The totalloadon the shaft due to the cylinder, beaters and chaff throwers wasN62.8

Determination of load onthe cylinder shaft due to belt tensions

Theload onthe cylindershaft dudo shakerbelt tensiorwasdetermined to b85.23 N.

Theload onthe cylindershdt due to blowebelt tensiorwas determinetb be9 N.

Theload onthe cylindershaft due to prime movéelt tensiorwas deteminedto be313.3N.
Since the prime mover and the blower share the same pulley on the threshing cylinde

shaft their combinetbad exerted at that poimtas= 313.3 + 9 = 322.8l

Theloadsacting on the shaft arepresentedn afree body diagram (FBOph Fig. 3a

R: and R are normal reaction forces acting at the bearings.

R; wasdeterminedo be 106.94 N

R, wasdeterminedo be504.39 N
3.27.20 Determination of maximum shear force and bending moment
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Considering the forces acting downward as positive while those acting upward as
negative, the shear forces at each point (A, B, C, D and E) of the shaft were determined
Themaximum shar force was determined to B48.53 N

Considering the bending moment (RMand BM:) at the end loads as zero and
considering clockwise direction as negative and anti clockwise direction as positive, the bendin
moments at each point (A, B, C, D and Eji# shaft were determined.

Themaximum bending moment was determined to be 78r@3
The free bodyiagram (FBD), shear force diagram (SFD) and bending moment diagram (BMD)

of the cylinder shaftoadings areshown onFig. 3a, 3b and 3c respectively.

262.8N 35.23N 313.3 N
v \ A
AE D o4 b A FBD
R1=106.94N R,=504.39N
178 - 700 e 700 65 37 58 -

Fig. 3a: Free bogdiagram of the cylinder shaffThe dimensions are in millimetérs

+ 348.53N
+ 313.3N

+106.94N

0 0 SFD

-155.86N
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Fig. 3b: Shear force diagram of the cylinder shaft.

+75.03Nm

Fig. 3c: Bendingmoment diagrams of the cylinder shaft

3.27.21 Determination of the threshingcylinder shaft diameter
The threshing cylindeshaft diameter was determinedngsthe expression in equation

(3.25).

_ 16
PS,

d? (KoM, ) + (KM, )

The maximum allowable shear stress was obtained as the lower value of 18 % ultimat
tensile stress Sand 30 % vyield stress (S Since the shaft has keyway the maximum allowable
shear stress was reduced by 25 % to take care of the stress concentration.

With S, = 90.3 MN/nf, Kp = 1.5,K;= 1.0,M, = 75.03Nm andM; = 37.61 Nm
The threshing cylinder shaft diameter was determined i@B8& mm
A factor of safety of 1.3was chosen to take care of deformation due to fatigue caused by cyclic

loading.Thus, a25 mm diameter shaftag chosen for the threshing cylinder

3.28 Construction of the Machine
The following tools were used for construction: Center punch, hammer, vice, hake saw

chisel, square, drilling machine, drill bits, cutting machine, cuttingcdigrinding machine,
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grinding disc, bending machine, rolling machine, lathe machine, welding machine, electrodes
Vernier caliper (fischer scientific with resolution count of 0.01 cm), measurings tapd
spanners.The components of themachine were constucted at Agricultural Engineering
Departmentworkshop Ahmadu Bello University Zaria The specifications determined by
design calculations were used in twnstructiorof the components. These componénttude:

the structural framefeed hopper, threghg cylinder, sieves blower, shakermechanismpower
transmission unit, tow bar and rear whedlbe costs of materials used for developing the
multicrop thresher as at December, 204& shown n Table 3. The multicrop thresher
componentare shownn Plates3(a, b), 3.1(a, b), 3.2(a,,[§.3andAppendixO1to O16. Their
fabricationmethod are givenm Table3.1.

Table3: Cost of materials used for developing the multicrop threshatDecember2016

Description Quantity | Unit Cost (N) | Total Cost (N)
(50 x 50) mm Angle iron 3 7500 22500
Gaugel8 mild steel Sheet (3 mm 1 15400 15400
Gaugel6 mild steel Sheet (2 mm 3 11500 34500
Flat bars (5 mm thick) 1 4500 4500
15 mm diameter rod 1 5200 5200
25 mm diameter shaft 1 3800 3800
20 mm diameter shaft 1 1900 1900
A 73V-belt 1 750 750
A 60V-belt 1 750 750
A 105 V-belt 1 800 800
P 23 Thrust bearing 2 2400 4800
P 200 Thrust bearing 4 2200 8800
20 mm Ball bearings 2 1300 2600
G 12 Electrodes 2pkts 1400 2800
M 19x3 bolts and nut 14pcs 80 1120
M 24x4 bolts and nuts 6pcs 50 300
M 17x3 bolts and nuts 12pc 20 240
4 mm Drill bits 6 130 780
5 mm Drill bits 6 130 780
7.5 mm Drill bits 6 290 1740
8.5 mm Drill bits 6 340 2040
11 mm Drill bits 2 550 1100
90 mm diameter pulley 1 2100 2100
140 mm diameter pulley 1 2800 2800
200 mm diameter pulley 1 3900 3900
310 mm diameter pulley 1 8500 8500
14 inch tyre and wheels 2 12000 24000
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Body filler 1tin 5500 5500
Gloss paint 1tin 5300 5300
Sub-Total 169300.00
7 Hp Diesel Engine 1 83,000 83,000

Grand Total N 252300.00

Table3.1: The multicrop threshexomponents and their fabrication methods

S/N° | Component

Materials

Tools

Method

1. | Frame

(Appendix
013 014

Square pipe and

Angle iron

50 x50 x5 mm

Power sawDrilling,
Weldingand Grinding

machine, G 12

ElectrodesTape,
Square Scriber 8.5

Measure, mark and catl
materials Drill holes for
bolts and nubefore
welding in position. Grind
all rough and sharp edge
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and11l mm drill bit.

2. | Hopper Gaugelanild steel | Welding Bending Measure, mark and cut a
(Appendi® | sheet(2 mm) CuttingandGrinding | materialsBend to the
013 014 machine, Vise, Tape, | required angle before

Square Scriber,G 12 | welding in position. Gring
Electrodes all rough and sharp edge

3. | Threshing | Gaugelé@nild steel | Welding Bending, Measure, mark and cut &
cylinder sheet(2 mm) CuttingandGrinding | materialsBend to the
cover M 19x3 bolts and | machine, Hack saw, | required angle before
(Appendi® | nut Vise, Tape,Square welding in positionDrill
013 014 Scriber,2.5 mm holes for bolts and nut

electrode thengrind allrough /
sharp edges.

4. | Threshing | Gaugel8 mild steel| Welding Cultting, Measure, mark and cut a
cylinder sheet(3 mm), Grinding, Drilling and | materialsRoll to the
(Appendi®y | 15 and25 mm Rolling machins, requiredcircumferene
03 04 Medium carbon Hack saw\Vise, Tape, | before welding in

steel rod, P 250 Square Scriber,G 12 | position.Weld all beaters
Thrust bearingM Electrodes vertically on the cylinder
24x4 bolts and nuts beforetilting 45°. Grind
90and 200mm all rough /sharp edges.
diameter pulley, Install bearings and
A105 V-belt pulleys.

5. | Top Sieves| Gaugel8 mild steel| Cutting, Drilling, Measure, mark and cut a
(Appendi® | sheet(3mm), 5 Rolling, Bendingand | materialsMark and
05, 06, | mm flatbars Grinding machins, punch drilling points.
07,08 Center punch, Drill all sieve holes

Hammer,Tape, before rollingto the

Square Scriber5 mm | requiredsemi circe. Bend

and 8.5 mm drill bits. | edges and weld flat bar.
Grind allrough /sharp
edges.

6. | Bottom Gaugel@nild steel | Cutting, Drilling, Measure, mark and cut a
sieves sheet. (2 mm) Rolling, Bendingand | materialsMark and
(Appendix Grinding machins, punch drilling points.

09, 010 Center punch, Drill all sieve holes then

011 012 Hammer,Tape, bend the edge&rind all
Square Scriber4 mm | rough /sharp edges.
and 7.5 mm drill bg.

Table3.1: Continue

S/N° | Component| Materials Tools Method
7. | Blower Gaugel6 mild steel| Welding, Rolling, Measure, marknd cut all
(Appendi®) | sheet (2 mm), 20 | Bending and Grinding materials. Roll casintp
014, 015 | mm diameter machines, Hack saw,| the required
medium carbon Vise, Tape, Square, | circumferencendbend
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steel rod, P 200
Thrust bearing, M
17x3 bolts and nuts
A 73 V-belt

Scriber,G 12
Electrodes

bladeso the required
angle before welding in
position.

8. | Shaker Gaugel6 mild steel| Welding, Bending anq Measure, mark and cut g
(Appendi® | sheet (2 mm), 5 mn Grinding machines, | materialsMount shaker
013 014 | flat bars, 20 mm Hack saw, Vise, Tapgq tray first before instalhig
015 medium carbon Square, Scribe; 12 | bearings, pulleys and

steel rodP 200 Electrodes shaker mechanism in
Thrust bearing20 position.Grind allrough /
mm diameter ball sharp edges

bearings, 310 mm

diameter pulley, A

60 V-belt.

9. | Tow bar Square pipe and Power saw, Grinding,| Measure, mark and cut a
(Appendi® | Angle iron 50 x 50 | Welding and Drilling | materials. Weldn
013 014 | x5 mm,20 mm machines, G 12 position and install tyres
015 diameter medium | Electrodes, Tape, and standGrind all rough

carbon steel rod, 14 Square, Scriber and sharp edges.
inch tyre and wheel

10. | Engine Angle iron Power saw, Grinding,| Measure, mark and cut &
Seat 50 x50 x 5 mm7 | Welding, and Drilling | materials. Drill holes fol
(Appendi®y) | Hp Diesel Engine | machines, G 12 bolt and nuts befor
014,015 Electrodes, Tape, welding in position. Grinc

Square, Scriber, 8.5 | all rough and sharp edge
mm drill bit.

11. | Machine Body filler and Filler applicator, Clean all components
body Gloss paint Spraying machine from dust.Apply body
(Appendix filler to all rough edges
013 014, and tiny holedbefore
015 sprayng.




Plate3a: lllustrations of the threshingylindercover of the multicrop thresher with a feed hopper
and a platform.

Plate 3b: lllustration of the multicrop thresher stepaped threshingylinder having tilted
beaters and chaff throwers welded at fixed points oc\eder
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Plate3.1a: lllustration of the multicrop thresher top sieve with 5 mm diameter sieve holes for
millet threshing.

Plate3.1b: lllustration of themulticrop thresher top sieve with 8.5 mm diameter sieve holes for
soybean threshing




Plate3.2a: lllustration of the multiop thresher bottom sieve withrdm diameter sieve holes for
millet threshing.

Plate3.2b: lllustration ofthe multicop thresher bottom sieve with57mm diameter sieve holes
for soybean threshing
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Plate3.3: Illustration of the multicrop thresher shaker mechanism

3.29 Description of the DevelopedMulticrop Thresher
The developedmulticrop thresherconsists of the following components: A structural
frame, top cover with feed hopper, stpmped threshing cylinder witheatersand chaff

thrower, perforated concawgeve platewith horizontal knife edge flat bars, centrifugal blower,
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shaker mechanism, power transmission whiich consist of pulleyandthe shaketray with flat
sieve plateThe feeder wasconstructed from gauge 18 mild steel metal shaetl consist®f
two sections; a platform and a hopper. The platform extendsaaditt'om the hopper with
length 640 mm, width 610 mm and height 80 mntow bar and twdl4 inch tires were fixedt
thebaseof the frameThefront view, end viewand planof the developed multicrop thresheme
illustrated inAppendixO13, 014 andO15 respectively The autographic projection is illustrated
in AppendixO16. Theisometricview of thefront and reasides of themachineareillustratedin

AppendixO1 andO2 respectively

3.30 Operations of the Developed Multicrop Thresher

The developed multicrop thresher was design such that the direction of flow for grains
after threshing was vertical by a combination of impact bybwtersand gravitational force
acting on it while the direction of flow fochaff and unthreshed materiavas lateral by a
combination of impact by theeatersand suction generated by the chaff throwers positioned at
the end of the threshing cylindefhe threshing unit is directly below the feed hopper and
consists of the steghaped threshing cylinder Wwitbeatersand chaff thrower. A perforated
concavesieve platewith horizontal cutting knives was placed below the threshing cylinder for
primary separation of grains from chaff. Clearance between the free end of the beaters al
concavesieve platewas maimained at 20 mm for soybean threshing and 10 mm for millet
threshing. The blowermnit waslocated below the concageeve plateand consists of a four blade
centrifugal fan that blowbds off the Ifurght e
on to asieve plateon theshaker trayThe shakesieve plateat the bottom of the machine further
separates grains and chaff of similar weight as the shaker oscillates. The clean grain was th
collected at the bottorof thetray and conveyed throughe grain outlet. All power transmission
took place at one end of the machine and the unit consists of pulldeisvand a 7Hp (52

kW) diesel enginevhich wasmounted on thengine seatThe tow bar and two 14 inch tires
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fixed at the base of the frarhelp to facilitate towing by a tractdPlates3.4 (a, b)and 3.5(a, b)

illustrates the front viesiand rear viewof the machine respectively.

Hopper

ChaffOutlets

Shaker Tray

/ Engine Seat

Tow Bar



Plate 3.4a: Isometricview of the developed multicrop thresher from the frithlistrating the
Hopper, Chaff Outlets Tow Bar, Shaker tray and Engine seat

/ Hopper

Tow Bar

Chaff Outlets

Engine Seat

Plate3.4b: Frontview of the developed multi€
Tow Bar,Shaker trayandEngineseat

Tow Bar



Plate 3.5a: Isometricview of the developed multicrop thresher from the balcistrating the
Operatorbés Stand, Bl ower, Tow bar, Sha

+— Hopper

Shaker Mechanism

Rear Wheel Operator6 Tow Bar

Plate 3.50: Rear viewof the developé multicrop thresheillustratingthe Op e r a$tand, 6 s
Blower, Tow bar, Shaker mechanisniHopperandRearWheels

3.31 Performance Tuning
Performance tuning was carried out to improve the initial performance of all components

of the multicrop thresher thatere critical to its overall performance. The performance tuning
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processinvolved measuring, evaluating, designritexation, reconstru¢ion and reevaluation

until a set goal was reached.

Goals that were set before modification include:

I. Threshing efficiency to be greater than 98 %.

il. Cleaning efficiency to be greater than 90 %.

iii. Grain damage to be less than 1 %.

Iv. Grain loss to be less thaf % for both crops.

V. Outputto be greater than 350 kg/hr for millet and greater than 150 kg/hr for soybean.
The steps taken in the performance tuning process were as follows:

I. the performance of the multicrop thresher was assessed by initial performalneti@va
before modification.

il. the data of the performance evaluation was analyzed and the initial result noted.

iii. the parts of the thresher that were critical for improving the performance were identified
as the bottleneck.

iv. goals were set.

V. these parts of théhresher were modified to remove the bottlenecks one at a time,
checking to ensure that the modifications had not disrupted the way the machine functior

Vi. the performance of the thresher wesvaluated after the modifications were completed.

vii.  themodifications that made the performance better were adopted; but those that made tt
performance worse were rejected and the machine was put back the way it was.
These bottlenecks were removed one at a time by modification and testing with mille

and soyban crops as test materials. In the performance tuning proagagcapacity, threshing

and cleaning efficiencies were maximized while grain damage and grain loss were minimize

until the set goals were reachefdhen the performance tuning was completbd dverall

performance of the multicrop thresher was evaluated.
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3.32 Performance Evaluation
The machine was evaluated in the Department of Agricultural Engineering, Ahmadu

Bello University, Zaria.

3.32.1 Test materials
The test materials weraunthreshed soybean crop (sam&oyoybean variety) and

unthreshed milletrop SOSAT C88 Millet variety).

3.32.2 Test apparatus
The test apparatus wemaettler baance (model pn 12107Hp (5.22kW) 4-stroke water
cooler diesel enginaliesel,digital tachomete (tz5000 model), digital stop watctigital scale
(with 0.01g sensitivity) and oven.
The performancevaluationof themachine involved the following parameter
I. moisturecontent (%)
il. outputcapacity kg/hr)
iii. threshingefficiency (%)
iv. cleaningefficiency (%)
V. scattered graitoss (%)

Vi. grain damag¢%o)

3.32.3 Determination of crop moisture content
The crop moisture content on wet bgaisthe range 10 16 %)was determined by oven
dry method according to ASAE standard S358.2 thus:

M :(Ww'Wd)

wb

x100 (3.26)

w

Where,
W,, = massof wet samples before drying (g)

Wy = massof sample after drying (g)
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M= moisturecontent on wet basis (%)

3.32.4 Determination of output capacity

Theoutputcapacityof themachinewasevaluatecaccording to Mohammed (2009):

C= % (3.27)

Where,
C = outputcapacity(kg/hr).
Qr = masf whole grain collected in unit time (kg).

t = threshing time (hr)

3.32.5 Determination of threshing efficiency

The threshing efficiencgf the machine was evaluatadcording tdlohammed (2009):

E, =100- %’r—Mg;aoo (3.28)
9 -
Where,
Er = threshingefficiency (%)
Um = massf unthreshed material in unit time (kg)

Tw = massof total material input in unit time (kg)

3.32.6 Determination of cleaning efficiency

The cleaning efficiencgf the machine was evaluatadcording to Mohammed (2009):

he = 00 (3.29)

“O Mo
..?';g?

Where,
dc = cleaningefficiency (%)

B = massof whole clean grain in unit time at grain outlet (kg)
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D = massof whole materiatollected in unit time at the grain outlet (kg)

3.32.7 Determination of scatteredgrain loss

Thescatteredyrainlossof the machine was evaluatadcording to Mohammed (2009):

Qo
m

-I-CEOI

S =

g

00 (3.30)

O
®

Where,
S =scatteredyrainloss (%)
E = massof scattered grain collected in unit time (kg)
T = totalgran input per unit time by magkg)

3.32.8 Determination of grain damage

Thegraindamageof the machine was evaluatadcording to Mohammed (2009):

G
D = 00 3.31
g fﬁoo ; (3.31)

Where,

Qo
g

Dy = grain damag¢)
G = massof visually damaged grain isolated in 100 grams of threshed sample (g)
Plates3.6a and 3.6 are illustrations osoybean and millet grains respectively collected during

performance evaluation




Plate3.6a: lllustration of soybean grains collected dunregformance evaluation

Plate3.6b: lllustration of millet grains collected durimpgrformance evaluation

3.33 Data Collection
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Severaltrial operations were conducted to determine the point at which the thresher will
be unable to consume the materials fed into it at a swoop. During the trials it was observed th
feeding the thresher with millet at 6 kg / min and with soybean at 4 kgwhen running below
550 rpm leads to frequent stalling of the primever. At 550 rpm there was no stalling of the
prime-mover. Successive increment of 2 kg and 100 rpm drum speed was made until it wa
noticed that when the threshing speed was incrdasgahd 909 rpm, the vibration caused by the
shaker was intolerable. Also it was observed that feeding the thresher with millet at 14 kg / mi
and with soybean at 12 kg / min when running at 909 rpm there was no stalling. But when fe
above 14 kg/min witmillet and above 12 kg / min with soybean when running at 909 rpm leads
to build up of uathreshed material in the threshing chamber and hence frequent stalling of the
prime-mover. Therefore five levels of speed were chosen with 550 rpm being the minimdum a
909 rpm being the maximum. Also five levels of feed rate were chosen with 4 kg / min and 6 kg
min being the minimum values for soybean and millet respectively, while 12 kg / min and 14 Kkc
/ min were the maximum values for soybean and millet respéctiVée desired threshing
speeds were obtained by regulating the prime mover throttle. A digital tachometer was used °
monitor the drum speed and a stop watch was used to record the time of feeding.

As the materials were harvested from farm the initialstooe content wet bases was
determined to be 18.2 %. This moisture content was considered not good for threshing as most
the materials pass out tireshed when fed into the machine. So the material was closely
monitored daily until its moisture contemeaches 15.8 % wet basis where threshing was
possible. The moisture content was varied as the crop dried naturally. The materials to k
threshed were first weighed according to feed rate and then sun dried for twadowusn
them Samples were randoyniselected from each and taken to the laboratory for moisture
content determination. Three replications were made for each threshed sample and a two de

interval was given between threshing to allow the crop to dry naturaljfferent moisture
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content.During threshing, acks were placed at both chaff outlets. One was plac#uk &p

chdf outlet to collectchaff, unthreshed materials argrain losses. Another was placedtlag
blower outlet to collecthaff andgrainlosses. Also one was placed a tjrain outlet to collect
threshed grains, broken grains and chaff. The contents of the sacks were emptied, winnow:
manually and weighed to obtain the weights of clean grambreshed materialghaff, broken
grains andgrain losses.3000 kg of soybeamrop and 3750 kg of milletvere used for the
experiments. Plates 3.7a and 3 illustrate soybean and millet experimental materials

respectivelysun dried prior to threshing.
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Plate3.7a: lllustration of soybean experimentahterialssun driedfor few hours to warm them
prior to threshing.

Plate3.7b: lllustration of millet experimental materials sun drfed few hours to warm them
prior to threshing.
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3.34 Experimental Treatments

3.35

For both crops the multicrop thresher was subjected to three experimental treatments
Thus the following treatments were considered for milietshing

Moisture content (M) at 5 level; = 10.6 %, M =11.9 %, M=13.2 %M, =143 %
andMs = 15.8 %.

Cylinder speed (S) at 5 level§; = 550 rpm(12.1 m/s) S = 650 rpm(14.3 m/s) S =
750 rpm(16.5 m/s) §; = 850 rpm(18.7 m/s)and S = 909 rpm(20 m/s)

Feed rate (F) at 5 levelB; = 6 kg/min,F, = 8 kg/min,F; = 10 kg/min,F; = 12 kg/min
andFs = 14 kg/min

Thus the following treatments were considered for soybaashing

Moisture content (M) at 5 level$; = 10.8 %, M = 12.2 %, M = 13.5 %M, = 14.6 %
andMs = 15.4 %.

Cylinder speed (S) at 5 levelS; = 550 rpm (12.1 m/s),,S= 690 rpm (14.3 m/s), $=
750 rpm (16.5 m/s),S 850 rpm (18.7 m/s) and'S 909 rpm (20 m/s).

Feed rate (F) at 5 levelgj = 4 kg/min,F, = 6 kg/min,F; = 8 kg/min,F, = 10 kg/min and

Fs =12 kg/min
Experimental Design

A completerandomizd design(CRD) was usedThe analys of variance (ANOVA) is

shown n AppendixB.

3.36

Experimental Layout

A layout of 5 x 5 x 5 factorial experiment involving 5 levels of cylinder speeds$S

S, S, S), 5 levels of Feed rates (A, F;, F4, Fs) and 5 levels omoisture contents (M Mo,

M3, My, Ms), in threereplications RI, RIl, and RIIl is showmiAppendixC
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3.37 Data Analysis
SAS Statistical package was used to analyze the data. The difference between the mee

and variables was compared using ANOVAandunc6 s mul tdatspl e range t

3.38 Development ofThreshing Efficiency Mathematical Model
Mathematical modsl for predcting threshing efficiengythreshing loss andutput
capacityof the multicrop thresher avedeveloped. In this studgimensionaknalysis wasised;

because it offers a method for reducing complex physical problems to the simplest form prior t

obtaining a quantitati-themrermwas adepted. The Bucki

if/ =F(AA,... A) (3.32)
Then/ =f("1, 2€", ) (3.33)

Where:
/ = dependent variable.

A, As,é A= independent variables.
"1, 2,€", <= non dimensional groups of@s .

F, f=functional relationships %6 s ‘aonsd r especti vel y.

Stepby-step method of dimensional analysiscording to David (2013yas used to develop the
threshing efficiencynodel
Step 1:ldentify the relevant variables

Threshing efficiencyer (%) evaluates the percentage of grains detached from the crop by
the beatersf the machine Therelevantvariables identified tanfluence the rate of detachment
of grains per second were as followkass of beateiM, (kg), Velocity of peripheral cylindeiy,
(m/s),Massof crop fed,M; (kg), Height of the threshing chambér(m), Concave clearanc€

(m), Length of threshing cylindek, (m), Number of beater$J, (dimensionless), Dueling time
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of crop within the threshing chambaer(s), and Moisture content of the cropl. (% wb),
(dimensionless)Thus, E; = f(M,,V,,M,,h,C,,L.,t,N,,M_)

Step 2:Write down their dimensions

Thethreshing efficiency functiorelevantvariablesand their dimensions are shownliable3.2.
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Table3.2 Threshing efficiency function relevant variables and their dimensions

Variable Symbol S.I Unit Dimension
[M]ILI[T]
Threshing Efficiency Er - 1
Mass of beater My kg M
Velocity of peripheral cylinder Ve m/s MLt
Massof crop fed M kg M
Height of the threshing chamber h m L
Concave clearance C. m L
Length of threshingylinder Lc m L
Dueling time of crop in the threshing chami t min T
Moisture content of crop Mc - 1
Number of beaters Np - 1
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Step 3:Establish the number of independent dimensions and non dimensional. groups
Number of relevantariables n = 10

Number of independent dimensionsm=3 (M, L, T)

Number of nondimensional groups formedni m=107 3=7

Step 4:Choose ndimensionally independent sg&j variables.

Mass of crop fed,M; (M), Concave clearance&;. (L) and Dueling time of crop within the

threshing chambet (T) were chosen.

Step 5:Create the s by nondimensionalizing the remaining variables.

’ 1= Er (334)
"2=Np (3.35)
3= M (3.36)

Py =(M,)M)*(C) (1)
Considering thelimension of both sides
MOLOT® = (M)(M)* (L)° (T)°
M:0=1+aY a=-1

L:0=bY b=0

T:0=cY c=0

Substitue a, b and ¢ in4 above:

py=Ms
vy (3.37)

Ps = (V)M )*(C)°(O)°
Considering the dimension of both sides

MOLTO = (LT )(M)* (L) (T)°
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M:0=aY a=0
L:0=1+bY b=-1
T:0=-1+cY c=1
Substitute a, b and ¢ in; above:

V. t

ps_C_c

P =M {)*(C)°()°

Considering the dimension of both sides
MOLOT® = (L(M)*(L)°(T)"
M:0=aY a=0

L:0=1+bY b=-1

T:0=cY c=0

Substitute a, b and c¢ irg above:

h

pG_C

pr =(L)M)*(C)"(®)°

Considering the dimension of both sides
MPOLT® = (L)(M)*(L)"(T)*
M:0=aVY a=0

L:0=1+bY b=-1

T:0=cY c=0

Substitute a, b and ¢ iry above:
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o, = (3.40)

LC
C.
StepGRea r ange for convenience. We @oweroffthratpe t
or by a product with the other pi 06s proyv

dimensionless groups.

Thus, rearranginthe p terms we have:

N
Ps = % = M—b (3.41)
3 c
LC CC LC
Pq 227 :C_3 ?:F (3.42)
6 c
— 3 M bvct
Pio =P, ite (3.43)
f~c
— 3 — NbLC
P11 =Pg> Py = M h (3.44)

Step 7 Set out the non dimensional relationship.
The three pi terms that wegepanded in the mi

These pi terms were relatedfaBows:

py = f(010.01,) (3.49
Hence,

Mt N, L @
ET:féﬂC th (3.49

3.38.1 Determination of component equations
The component equations were formed from experimental data on-thexms. Shafii et al
(1996) stated thah order to verify that equation (3.3&s correct, at least 248 tests need to be

conducted, where m is the number of pi terms.
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Hence, (2x3} 3 = 3 tests was conductemestablish three component equatiasgollows:

(,01);1 washeld constanat 0,, and p,, wasvaried to give the component equati(m)ﬂ
(,01);0 washeld constant gb,, and p,, wasvaried to give the component equati(ﬁl);0

(,Ulo)i washeld constant ap, and p,; wasvaried to give the component equati(ﬁllo)i as
shown onFig. 3.1, 3.2 and 3.8espectivelyThe regression equation$ the graphsepresenthe
component equation¥he constant values of the pi terfs D,, and p,, were determinetby
calculating theaverage of the pi term daféhe pi terms data fothreshingefficiency modelare

givenin Table3.3
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Table3.3: Pi terms data for threshiredficiencymodel

p, = ET Dy = MbVCt D, = N, L,
Y M, C, “ M.h

99.98 97.79 62.67 37.60 9.11 6.76
99.97 97.72 58.59 31.33 9.11 6.76
99.96 97.66 47.00 29.30 8.12 6.76
99.95 97.63 43.95 35.16 8.12 6.76
99.94 97.56 43.95 | 43.95 7.32 6.76
99.93 97.52 37.60 31.02 9.11 6.76
99.91 97.47 35.16 25.11 9.11 6.76
99.87 97.38 62.67 58.59 7.32 6.76
99.86 97.35 35.16 | 47.00 9.11 6.76
99.85 97.31 58.59 25.85 7.32 6.76
99.83 97.01 29.30 22.16 9.11 6.76
99.82 96.71 35.16 37.60 8.12 6.12
99.81 96.70 31.02 31.33 9.11 6.12
99.78 96.65 31.33 62.67 7.32 6.76
99.72 96.52 26.86 26.86 7.32 6.12
99.71 96.44 31.02 29.30 8.12 6.12
99.69 96.41 25.85 25.11 9.11 6.12
99.65 96.39 25.11 35.16 9.11 6.12
99.61 96.23 2585 43.95 8.12 6.12
99.59 95.99 29.30 |47.00 7.32 6.12
99.56 95.95 25.11 31.02 8.12 6.12
99.54 95.82 25.85 58.59 7.32 6.12
99.52 95.74 22.16 25.85 9.11 6.12
99.48 95.68 25.11 22.16 7.32 6.12
99.45 95.11 22.16 62.67 8.12 6.12
99.42 22.16 7.32

ﬁl =08.28 ﬁlO =36.18 ﬁll =734
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3.38.2 Component equatiors combination criteria
Murphy (1950) stated that the component equations may be combined by eithel
summation or multiplication to form the general prediction equation. The selection depends o

which criteria a set of componeatuations satisfiedde stated thawvhen a set of component
equations plot to form a plane surface on space (linear spacié)have the formy = a+bx,

such equation would be valid for combination as is@aton

The general prediction equatiarth s pi termswill be:

.= 10858, )+ £ (P2 0508.) + 1.0y 508.)- C (3.47)
Where,

C = constant of summation subtracted from the suthe@€omponen¢quations.
fl(pz,ﬁg), fz(ﬁz,pg), fs_l(ﬁz,ﬁs,...ﬁs): component equation functions.
P,,P5= constant values of the pi terms.

Whereasthose equations that plot to form curvadface in logarithmic spaceayill have the

formy = ax’ , such would be valid for combination as product

The general prediction equation wilpi terms will be:

Py =C.A,(0,.85.8, ) 1,(0,.05.-8.) 1..(0,.55..7.) (3.48
Where,

C = constant of multiplication.
£,(0,.05) £,(8,.05), To1(Dy2P50--0. ) = component equation functions.

P,,P;= constant values of the pi terms.

3.38.3 Determination of the constant (C)

The constant for S number of pi terms is given as:
C=(S- 2)f(2,.05.P4.--P;)
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Where,
C = constant of summation orultiplication.

S = number of pi terms
P,,P;= constant values of the pi terms.
When the number of pi terms is 3, the expression of the constant term becomes:
C = fl(ﬁZ’ﬁ3), or C = f2(ﬁ2’ﬁ3)
Murphy (1950) stated that coasts calculated from either of the component equations are

approximately equal. Thus the constant can be determined from either of the equations.

3.38.4 Determination of prediction equation
Since the componeefuationsabove werdinear, it favoured combinatioby summation
to give the prediction equatioffhe prediction equation involed 3 pi terms, thus the general

eqguation is given by:

Py = fl(p21ﬁ3)+ fz(ﬁz’p3)' C (3.49
f.(p,.p,)=-0.0080,, +98.57 (3.50
f,(p,.p,)=1.269p,, +88.95 (3.51)

Substitutingequations (3.50) and (3.5ih) equation(3.49) we have

p, =-0.008p,, +1.269p,, +98.57 +88.95- C
p, =-0.008p,, +1.269p,, +187.52- C (3.52
But P, =36.18 andp,, =7.34

Substituting,, in equation (3.50or P, in equation (3.5), C was determined as follows:

C =-0.008(36.18) +98.57 = 98.28 or C =1.269(7.34) +88.95 = 98.27

Substituting C in equation (3.58)e prediction equation was determined as follows
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p, =-0.008p,, +1.269p,, +187.52- 98.28

p, =-0.008p,, +1.2690,, +89.24 (3.53)

Substituting equations (3.34), (3.43) and (3.44) in equation (3HE8)threshing efficiency

mathematical model wagven by

Q
——000 oVel 8+1.26 bL

C

+89.24 (3.54)

|- C:OOz

Er = threshing efficiency%)
M, = mass of beater (0.188 kg)
V= velocity of peripheratylinder (m/s)
t = dueling time of crop in théreshing chambedin)
M = total massof crop fed (kg)
C. = concave clearance (m)
Np = number of beaters (38).
L. = length of threshing cylinder (1.195 m)
= moisture content of the crop (% wb)

h = heigh of the threshing chamber (0.47 m)

3.39 Development of ThreshingLoss Mathematical Model

Threshing loss includes the unthreshed grain loss, plus the scattered grain loss. Tt

scattered grain lossy{) includes: threshed grains sucked out valtaff at the top chaff outlet,
plus threshed grainfalling out of the hopperthreshed grains blown awayith chaff by the
blower, threshed grains falling from the shaker. The percentage of scattered graig,Jdss (

both crops were obtained by conductingld experiments on the multicrop thresher with the

crops and collecting the grains scattered all around the machine to determine its percentac
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Since the scattered grains were those lost from different parts of the machine as the grains flc
down the thesher it was easier to determine it by field experiment than by calculations. The
ANOVA for scattered grain loss indicates that the mean percentages for both cropsSyeere: (
9.67 % for millet andS; = 3.98 % for soybean). To determine the percentage thireshed
grains, the variables of importance were identified toilndes to those givenn Table3.2

The percentage of unthreshed grai@g (vasdeterminedrom the following relationship:

G, =100- E; (3.55

Substituting equatior3(54) into equation (3.55) we have

e Q a 3 2
G, =100- & o.oo oVel §+1.269 Nole 8, 89,24
¢  MGE o eMhE
6 ~
—1oo+ooosaéug 126 bLﬁg 89.24
. ¢Mh =

6 ~
_oooséug 126 b"ﬁg +1076
¢+ cMch =

(3.59
The threshing loss functio) was determined from the following relationship:
Lr= S, +G, (3.57)

Where
Lt = threshingoss (%)

S = scattered grains (%)
Gy = unthreshed grains (%)
Substituting equation (3.56) into equation (3.6 threshing lossiodelwasgiven by

tQ
L, =5, +00083N—8 1.26 A

¢+ cMch

+10.76

|- CIDOZ

(3.59
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Where
Lt = threshingoss (%)

S = scattered grains (%R{£ 9.67 % for milletS; = 3.98 % for soybean)
My = mass of beater (0.188 kg)

V= velocity of peripheral cylinder (m/s)

t = dueling time of crop in the threshing chamber (1min)

M = total massof crop fed (kg)

C. = concave clearance (m)

Np = number of beaters (38).

L. = length of threshing cylinder (1.195 m)

M. = moisture content of the crop (% wb)

h = height of the threshing chamber (0.47 m)

3.40 Development ofOutput Capacity Mathematical Model

Outputcapacity evaluates the quantity of clean grain collected at the grain outlet of the
multicrop thresher for the total quantity of crop fed per hour. Thattputequals the total grain
threshed from the crop fed minus the threshing loss. To deterndrtett grain threshed from
the crop fed through the hopper, the variables of importance were identifiedinailae t® those
given in Table3.2 To determine the threshing loss, the unthreshed grain loss and the scattere
grain loss were added togeth€he outputcapacity function(O.) was developefrom theEffect
of the mass of crop fed, threshing efficiency, threshing loss and grain to crop ratio.
Theoutputcapacity function was developed as follows:
When themassof crop fed per second wadvk (kg/s)
Theoutputper second was given by:

Oc=M (Er - L1)(G: / C;)/100 (3.59

When the mass of crop fed per hour was = 83&{Rg/hr)
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Theoutputper hour was given by:

O¢ = 36M; (Er - L)(G,/ C)) (3.60

Hence, theutputmathematical model was given by:
O = 36M¢ (Er - LY)(G// Cr)
Where:
O = outputcapacity (kg/hr)
M; = massof crop fed per second (kg/s)
Er = threshing efficiency%)
Lt = threshindoss (%)

G/ C. = grain to crop ratio.®, / C; = 0.25 for soybean and 0.55 for millet)

3.41 Model Verification
The objective of the model veightion was to ensure that the model was correct and that
it was ableto perform itsrespective task. Ithe implementation of the model it weested for

errors ufg input data of field experiments and the errors found were fixed.

3.41.1 Verification of dimensions of threshing efficiency model
The dimensions (length (L), mass (M), and time (T)) on both sides of the equality sign of

the threshing efficiency model was veéd if they were the same as follows:

AN, L

C

+89.24

QOO

¢Mch -

Er = threshing efficiency%)

M, = mass of beater (0.188 kg)

V= velocity of peripheral cylinder (m/s)

t = dueling time of crop in the threshing chamber (1min)

M = total massof crop fed(kg)
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C. = concave clearance (m)
Np = number of beaters (38).
= length of threshing cylinder (1.195 m)
M. = moisture content of the crop (% wb)
h = height of the threshing chamber (0.47 m)
Thus,

[Ed] =

eM V.t2 M.LT™T _M.L_

@MCE ML ML
eN,L o_1L _L

VL T

EM Y 1L L

Hence, the dimension on the left hand side of the equality sign equals the dimension on the rig

hand side of the equality sign.

3.41.2 Verification of threshing efficiencydetermination with the model

One of the treatments that wegiren to the multicrop thréer during field experiments
was used for testing the moddtrom Table 4.33 the combination of cylinder speed, feed rate
and moisture content df4.3 m/s, 12 kg/min and 11% respectively gaveneasuredhreshing
efficiency of 99.37%. This treatment wagiven to the modehknd the predicted threshing
efficiency wascomparedvith the measured
Themodel was used to predict ttieeshing efficiency of the multicrop threslaer follows:
Er = 99.37 %M, = 0.188 (kg) V= 14.3(m/g), t = 1 (min),M¢= 12 (kg), C. = 0.01 (m),N, = 38,
Lc=1.195 (M)M¢ = 11.9 (% wb)h = 0.47 (m)

Thus:

—-OOO oVl

8+1.26
9+.

O
o
>
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20.188914.33 15 . £38°1.195
99.37% = - 0.008% 8+1.260%>> ——° 88924
’ o 122001 < o11.9% 0472

99.37% = - 0.008(22.4033) +1.269(8.1191) + 89.24

99320=-0.179226#103031093-89.24
993 R06° 99360

The measured threshing efficienoy the machindEr = 99.37 %)wasapproximately equals to

thepredicted threshing efficien@f the model(Er = 99.36 %)

3.42 Model Validation

Half of the measured data was used for model developmwéiie the other half of the
data was used for model validatidredictive vadation was used for this studyhe developed
model was used to predict the multicrop thresher performance with the same treatments give

during field experiments. Then, the measwardpredictedthreshing efficiencies were plotted

3.42.1 Model validation experimental treatments
Thethreshing efficiency model was subjectedhree experimental treatments

[ Moisture content (M) at 5 levels: ¥ 10.6 %, M =11.9 %, M = 13.2 %, M =143 %
and Ms =15.8 %.

il. Cylinder speed (S) at Bvels: § = 550 rpm (12.1 m/s),,S= 650 rpm (14.3 m/s),sS=
750 rpm (16.5 m/s)

iii Feed rate (F) at 5 levels; E 6 kg/min, i = 8 kg/min, i = 10 kg/min, i = 12 kg/min

and k = 14 kg/min
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3.42.2 Measures of the model performance
Reddyet al.(1995) reported that a common statistical technique to judge the performance
of models is to plot measured against predicted valnddit a straight line through the datéh
a zero intercepfThevalues ofslope and coefficiertaf determination @) are then used as indices
of agreement.
Wilmot (1982) suggested that Bias and Root Mean fqiaror (RMSE), equations

(3.61) and (3.6Rwere amongst the best overall measures of a model performance.

N
Bias = ia (P-M) (3.61)
N o
1N )
RMSE = \/Na (P-M™,) (3.62)
i=1
Where,

P; andM; = predicted and measured values of the variable of interest respectively

N = the number of observations.

N
RMSE = ia (P-M,) = /532195 =0.96
N i=1 58

The discrepancy between the measured and predicted values of the model we
determined using Mean Square Deviation (MSD), Square Bias (SB) and lack of correlatior
weighted by the standard deviation @)Z equations (3.63), (3.64) and (3)@%obayashi and

Salam (2000).

MSD =24 (R - M,) (3.63
i=1
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sB= (p- MY (3.69
LCS =2 x SPXx SOnx (1-1) (3.6H

Where,
P and M = average predicted and measured valasgectively.

SD, andSDy, = standard deviations of predicted and measured values respectively.
r = the correlation coefficient between predicted and measured values.

Thus,

MSD =14 (P - M, =222 - g 005
N iz

58
v i
SB= (P- M) = (98.351- 98.234)" =0.014%
LCS =2 x SPx SDnx (1- 1) = 2% 1.169718 1.745122 (1- 0.732 =1.1%

The model performance was quantified by calculating the Standard Error (SE) anc

Average Absolute Deviation (AADgquaions (3.66) and (3.§7Yusuf (2001).

Thus:
aly.- v\
SE= P (3.66
n
Aape A Yn ™ Yol 367
n
Where,

ym and y = measured and predicted values respectively.
n = number of observed values.

Thus,

2
SE= A Yn- Yy _ \/53;195 ~ 013 %
n

AAD =0.74%

CAlYn- Yo 4201
- n 58
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The Coefficient of Efficiencyvas determined by equation (3)8ogates and M€abe,

1999):
N
aJNh- R|
E: 1_ i'\Tl — (36&
é ‘Mi - M‘
i-1
Where,

M; = measured data

P; = predicted data.

Thus,
i M, - P
é. M- R
E=1- |N:1—_ =1- %:1- 0.475=0.53
A
i-1

A paired ttest was conducted at 0.08vd of significance with tabulavalue equals to

1.96 as follows:

qd
t= N 2 (3.69
N(N - 1)

Where,
d = deviations.

N = number of variables.
Thus,

=27 —g101

7.295
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3.43 Optimization of Threshing Performance of the Thresher

Optimization of threshing performance of the multicrop thresher aimed at maximizing or
minimizing some performance characteristics of the multithogsher so as to achieve a higher
threshing efficiency at low grain loss and low grain damage. MATLAB optimization software
was used for the optimization process. On the MATLAB software some specified variables o
the threshing efficiency model were maszed while others were minimized without violating
their constraint, while keeping all others constant and within their constraints. A MATLAB
optimization t ool tofrunptheiproblemo Orothewaols theusoleed the
constraints and the optiration options were first selected before clicking on the start button to
run the optimization. The optimization tool optimtool was chosen because it provides &
convenience interface to all optimization routings including those of Genetic Algorithm and
Direct search toolbox functions. The optimization tool also made it easier to:
I. Define and modify the problem quickly
il. Use the correct syntax for optimization functions
iii. Import and export from the MATLAB workspace
iv. Generate code containing configurations forgblrer used and options
V. Change parameters of the optimization during the execution of certain Algorithm and

direct search Toolbox Functions
The optimizatiorprocesses involved in MATLAB were as follows:
I. Problem formulation
il. Defining the problem ithe MATLAB toolbox syntax
iii. Running the optimization

iv. Optimization result
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3.44 Problem Formulation
The optimization problem was formulated by stating a set of performance characteristic:
that were defined as the performance veckdr lence, Velocity ofperipheral cylinder\(;),
Mass of crop fedNly) and Moisture content of the croM{) were chosen as the performance
vectors. The optimization aim at obtaining optimum combination of these performance vector:
subject to their constraints. The objectivadtion to be optimized was the functiéx) subject
to nonlinear inequalityand linear equality constrainggx). A constrained optimization was done
and the method that was used for the optimization was based on the procedure recommended
Glenn (1950),Yusuf (2003) and Rao (2009) in the following sequence for a constrained
optimization thus:
I. The objective functions were determined and the quantity to be optimized (maximized ol
minimized) and its functional dependence on the independent variabkestatd.
il. The constraint on the independent variables for which an optimum was determined wa

specified.

3.44.1 Identification of objective functions and design variables
The objective function to be optimized was the threshing efficiency fun€t{@h on

equation (3.5¥subject to constraint functioms(x).

E, =- 0006 Vcto 126 §+89.24
W fCC - g —
g :
Thus,
6 ~
f(x)_-ooosaéugﬂ 26 NbLﬁg +89.24 (3.79
= ¢cMN =
Where,

f (X) = threshing efficiency%o)
My = mass of beater (0.188 kQ)
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V= velocity of peripheral cylinder (m/s)

t = dueling time of cropn the threshing chamber (1min)

M = total massof crop fed (kg)

C. = concave clearance (m)

Np = number of beaters (38).

L. = length of threshing cylinder (1.195 m)

M. = moisture content of the crop (% wb)

h = height of the threshing chamber (0.47 m)
The design variables were the machine, crop and operational parameters critical for improvin
or reducing the thresherdos performance. Th
V¢(m/s), Mass of beateM, (kg), Mass of crop fed per second; (kg), Height of threshing
chamber,h (m), Acceleration due to gravity, g (rfiysConcave clearanc€. (m), Length of
threshing cylinderl. (m), Number of beater$|,, and Moisture content of the crdy (% wb).
The design vectowvhich mnimizes or maximizeg(x) was stated as

Ve

X = Mf
Mc

Thusf (X) becomes:

am, V.t 0 AN L 0
f(vV.,M,, M =—O.0085‘4\/|b—°9+1.26 b~c 0+89.24
(Vc f c) éﬂ\ﬂ ch 9 € ch 6 (3.7])

Where,
f (Ve, Mi, Mc) = the objective functiorto be optimized

(Ve, Mr, M) = the design vectors/variables

3.44.2 Identification of independent anddependent variables
For this study the design variables were the independent variables and are listed «

follows:



Vi.

Vil.

viii.

Velocity of peripheral cylindet/. (m/s)

Mass of beateiyl, (kg)

Mass of crop fed per second; (kg)

The height of threshing chambar(m)

Dueling time of crop in the threshing chamber (1min)
Concave clearanc€; (m)

Length of threshing cylindeL, (m)

Number of beatersy,

Moisture content of the crop. (% wb)

However the objective functions was the dependent variables and is listddwas:
Threshing efficiencyf (Vc, My, M) (%)

Cleaning efficiencyf (V¢, M, Mc) (%)

Grain damagsd, (V. Mz, M¢) (%)

Threshindoss,f (V. M;, Mc) (%)

Outputcapacity f (Ve Mz, M) (kg/hr)

3.44.3 Specification ofthe constraints on the independent variable

The constraintg (X) on the variables was divided into nonlinear inequality and equality

constraints.

The nonlinear inequality constraints were:

12.M0020 (m/s)
6 MO 14 (kg) WMOr k@iolsbypsan 4 O

10.4.0015.8 (%) wet basi s

The equality constraints were:

Cc. = 0.01 m for millet, @= 0.02m for soybean

Lc=1.195m
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iii. h=0.47m

iv. Np,= 38
V. My = 0.188 kg
Vi. t=1min

3.44.4 Determination of optimum point for each design vector
The optimumpoint for eachdesign vectorgV. M;, andM.) subject to given constraint
o(Ve, My, andM.) was determine usingquations oD. M. R. Relationship established above:

Regression equations for determinatiorof optimum speed ¥.) for millet

Threshing EfficiencyVs Speed fi(Vo) =1 0.008/2 + 0.224/ + 96.38

Cleaning Efficiency Vs Speed fo(Vo) = 0.004/2 + 0.03M, + 92.78

Grain loss Vs Speed fa(Vo) = 0.002/2 1 0.017/ + 9.162

Grain Damage Vs Speed f4(Vo) = 0.00087 + 0.0001/, + 0.112
OutputCapacity Vs Speed fs(Vo) =1 0.529/° + 23.47V 21 313.4/, + 1489

Regression equations for determinatiorof optimum Mass Fed M;) for millet

Threshing EfficiencyVs Mass Fed fo(M¢) =i 0.008VI + 0.028V); + 98.78
Cleaning Efficiency Vs Mass Fed f2(M¢) = 0.01M¢ 7 0.514V; + 98.44
Grain loss Vs Mass Fed fg(Mf) = 0.119v; + 8.49

Grain Damage Vs Mass Fed fo(Mf) = 0.00M? 7 0.018VI; + 0.241
OutputCapacity Vs Mass Fed f1o(Mf) = 0.11M¢ + 0.020M; + 312.5

Regression equations for determinatiorof optimum Moisture Content (M) for millet
Threshing EfficiencyVs Moisture Contentf;;(M¢) =i 0.176V% + 3.914M, + 78.08
Cleaning Efficiency Vs Moisture Contentfi2(My) =1 0.34M:% + 7.08M. + 61.40
Grain loss V's Moisture Contentfis(Mc) =1 0.1432 + 2.85M. i 2.615
Grain Damage V's Moisture Contentfi(Mc) = 0.0232 1 0.52M. + 2.929

OutputCapacity Vs Moisture Contentfis(Mg) =1 0.59M¢? + 10.78V + 288
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Regression equations for determinatiorof optimum speed V.) for soybean

Threshing EfficiencyVs Speed
Cleaning Efficiency Vs Speed
Grain loss Vs Speed
Grain Damage Vs Speed

OutputCapacity Vs Speed

f16(Ve) = 0.04/ + 98.61
f17(Ve) = 0.530/ + 78.32

f1s(Ve) = 0.024/2 1 0.6158/, + 7.457
f1o(Ve) =1 0.055/; + 1.044

foo(Ve) =1 0.383/2 + 14.7M. i 16.37

Regression equations for determinatiorof optimum Mass Fed M;) for soybean

Threshing EfficiencyVs Mass Fed
Cleaning Efficiency Vs Mass Fed
Grain loss Vs Mass Fed
Grain Damage Vs Mass Fed

OutputCapacity Vs Mass Fed

f21(Mf) =1 0.04Vl; + 99.58

foo(Mf) =1 0.78V; + 92.42

f,3(Mr) = 0.00M¢ 1 0.249M; + 5.408
fo4(Mf) =1 0.058Vk + 1.044

fos(My) = 15.19V 1 2.786

Regression equations for determinatiorof optimum Moisture Content (M) for soybean

Threshing EfficiencyVs Moisture Contentfog(Mc) =i 0.208Vlc2 + 4.933Vl. + 70.74

Cleaning Efficiency Vs Moisture Contentf,7(Mo) =1 1.538V + 36.0M.i 117.6

Grain loss Vs Moisture Contentfzg(Mc) =i 0.198M% + 4.46M.i 19.87

Grain Damage V's Moisture Contentfog(Mc) = 0.15Mc? 1 3.704\l; + 22.79

OutputCapacity V's Moisture Contentfso(Mc) =1 2.598M2 + 61.49V. i 232.9

A multi-objective programming problem such as the one above was solve in MATLAB

by finding x which minimize$,(x), f2(x) , &(x). Where;fi(x), f2(X) , &(X) denote the objective

function to be minimized simultaneously. The functfdix) was also treated in MATLAB as a

constrained optimization problem. Constrained optimization problems in MATLAB used the

KarushKuhn-Tucker (KKT) equation. The KKT equatios hecessary conditions for optimality

for a constrained optimization problem. If the problem is a convex programming problem, that i



f(x) andgi(x),i=1, é, m are convex function, t hen K
sufficient for a global solution pat. A KKT general problem description was stated as:

min f(x), (3.72
Subject to

g =0i= 1,, m
g(x) O=nR+ 1, ¢é, m,

Where,
x = the vector of length n design parameter
f (X) = the objective function, which returns a scalar value
g (X) = returns a vector of length m containing the values of the equality and inequality
constraints evaluated &t
There are severabptimization toolboxsolversin MATLAB that address problems with
constrained single and multiple objective functionseyrhinclude: ga Genetic Algorithm,
fgoalattain, fminimax . All the solvers havinbuilt algorithms in MATLAB.
The MATLAB fgoalattain solver was used for the optimization. The goal attainment process is

described below.

3.44.5 MATLAB Goal attainment method

The MATLAB goal attainment method used was that of GembitRif4 This involves
expressing a set of design god#s, = {F*1, F*,, é ,F Which is associated with a set of
objectives,F(X) = {F1(X), F2(X) , En(X)}. The problem formulation allows the objectiveesbe
underi or overachieved, enabling the designer to be relatively imprecise about initial desigr
goals. The relative degree of undeor overachievement of the goals was controlled by a vector
of weighting coefficientsw = {wi, w,;, € p}wand is expressed as a standard optimization

problem using the following formulation.
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minimize y

=R, =0 (373
such that

F(x)-wyy<F , i=1,..,m.

The termw;o introduces an element of slackness into the problem, which otherwise imposes the
the goals be rigidly met. The weighting vectar,enableshe designer to express a measure of
the relative tradeoffs between the objectives. For instance, setting the weightingweqtol

to the initial goals indicates that the same percentage lingieoverachievement of the goals,

F*, was achieved. A constint was incorporated into the design by setting a particular weighting
factor to zero (i.ew; = 0). Fig.3.5is ageometric representation of the goal attainment method in

two dimensions.
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minimize v subject to V—w.v<F*
ey g1 1 ] Fi(x)-w,y<F,

FQ(.t')—w.z‘(SF;

Fl e . ——

N\

N S~
el

Fy  Fy Fy

Fig.3.4 Geometriaepresentation of the goal attainment method in two dimensions
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Specificationof the goals, E.*, F»>*}, defines the goal poinB. the weighting vector defines the
direction of search frolrkt o t he f easi bl e function spaace,
varied, which changes the size of the feasible region. The constraint boundaries converge to t
unique solution poinEig Fos

In algorithm improvements for the goal attainment method a more appropriate merit functior
wasachieved by posing equatioB 73) as a minimax problem.

Thus:

m u;:];u ze max AL (3.74)

where

Fi(x)-F
Aj=—"_—-L  i=1..,m.
wy

Following the argument of Braytoat al., 1979 for minimax optimization using sequential
programming, we have the merit function:

!”_ m
Yix)= flx)+ Zl; g (x) + Z r; - max[0, g; (x)] (3.79
i=1

i=m_+1
Using thie merit function of equation (B4 for the goal adinment problem of equatio3.73
gives
m ~
vixy)=y+ ZI; -max [O,I'}l.'.\') —wyy-F }

i=1
(3.76)

When the meritdnction of equation3.75 was used as the basis of a line search procedure,
al t h oxo) mightydecrease for a step in a given search direction, the tfun @ mights
paradoxically increase. This was accepting degradation in the worst case objective. Since tl
wor st case objective was responsible for t
a step that ultimately increases the objectivanfc t i on t o be mi rxpb)might e d .

i ncr ease wleoeasesmmaplyingga rejection of a step that improves the worst case
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objective. According to Braytoet al., 1 979 a sol ution wWa&gualtohher e
worst case objecte
Thus;

w(x) =maxA;. (377

i

Combining equations3(75 and (376) gives:

m J-z; ~max{0, F(x)—w;y - F;} ifw; =0
vix) = z

i= lm;tx.v\,-, t=1,..,m
i

(3.78

3.44.6 Minimizing the maximum objective method
fminimax also uses a goattainment method. It takes goals of 0, and weights of 1. With this

formulation, the goal attainment problem becomes;

[f f; (x)— goal; J

minmax .
' weight;

4 x

= min max f; (x), (3.79

! X

which is a minimax problem.
The optinum point of the functiorf (X) subject to given constraiigt (x) can also beomputed

analytically as follows

() =- o.oo%%éﬂ.za sz;‘- §+ 89.24 (380)

g0, =;0r O b (3.81)
Let 6s consi dfenctom@ask(X) mi zi ng a (382
Subject to a given constraints functigrfx) = b; (3.83

Where,
x = thevector of length n design parameter

f (X) = the objective function, which returns a scalar value



g (X) = returns a vector of length m containing the values of the equality and inequality
constraints evaluated =t

b, = the upper and lower limit of the independent variable

Assumed that (xX) has a constrained local maximus x*.

At X = x* we have

.. Mf
df 1 § —dx =0
X i (3.89
and
.. MO
dg * g —dx =0
" j (385

Multiplying the constraints irequation 8.85) by a constang- and summing all the resulting

eguations, we have the Lagrange function defined as follows:
Fx/)* f(9+& /(b - g.() (3.89
Where,

F = Lagrange function

&= Lagrange multiplier as a component of thev@ctorax

Hene,

.. MF
dFt 3 Xdx =0
T (3.87

Since there were m independent constraints listed above, then-onbyf the variables; were
independent.

Let the variables be

Xm+11 é ’ X (38&
Optimizing the independent variables under the constraints above, an arbitrary value was chos

for a-such that:
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M _
™ (3.89

Equation (379) becomes:

o L
MXea dxm+1 et X, d)% =0 (390)

Since the variables (%1, € ) xereindependent and different, we vary each of them in turn

after another and obtain the following equation:

S —

me+1 l'an (3 9])

Thus from equations3(83 and (.84 we have the stationary or optimal point given by:

El i_ ~) /&:O
TR (3.92

3.45 Defining the problem in MATLAB optimization toolbox syntax
To use the optimization tool box dopti mt

i. The objective functiorf(x) was first defined in the MATLAB code as an-file or
anonymous function.

il. The constraints functiog(x) was alsodefined in MATLAB code as separate-files or
anonymous functions.

iii. A problem structure was created on the MATLAB workspace as a sepaffdée M

iv. The problem and options were imported from the MATLAB workspace to the
optimization tool.

V. The solution was exgted from the optimization tool to the MATLAB workspace.

The MHiles were created using the MATLAB Editor / Debugger. From the file menu at the top
of the MATLAB command windows, Newi M-file was selected to open the MATLAB editor.
The threshing efficiency objective function was then transformed into MATLAB code by typing

on the text editor to create an-fiNe. The Mfile was then imported into the MATLAB
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workspace by selecting Filélmport into workspace. The name of thefilé was made to match

the name of the objective function on the optimtool so that the tool could easily trace and rea
the function file. The MATLAB Mfiles are written below.

An M-files thresheff.m for the objectivfanction was written as follows:
Function f = thresh eff (Ve, M, M)

f= -0.008( MVet/MGC)+1.269( NoLo/ Mh) + 89.24

f= thresh eff (V.. M, M)

fo(Ve) = (Fa(Ve), fa(Ve), fa(Ve), fa(Ve), fs(Ve));

(M) = (fi(M), fa(M), fs(M), fis(M), fs(M));

froM) = (fa(M), fa(M), fs(M), fa(M), fs(M))

An M-files confun.m for the inequality and equality constraints functions was written as follows:
Function [c, ceq] = confun ( Ve, M, M\,Np,L ¢,Mp,C.t Jh)
% nonlinear inequality constraints

c= - V. + 121<=0;

c= V.1 20<=0;

c= - M+ 6<=0;

c= M- 14<=0;

c= - M+ 10.6<=0;

c= MT 15.8<=0;

% linear equality constraints

ceg= N, T 38=0;

cegq= L¢ 1T 1.195=0;

ceg= M 1 0.188=0;

ceg= C 1 0.01=0;

ceq= hi1 1 =0;
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ceg= h i 047=0;

x0= [-1,1]; % make a starting guess at the solution

options = optimset (6Displayé, 6iterd, odLar g
x = fgoalattain( thresh eff ,x0,goal,weight)

x = fgoalattain( thresh eff ,x0,goal,weight,A,b)

x = fgoalattain( thresh eff ,x0,goal,weight,A,b,Aeq,beq)

x = fgoalattain( thresh eff ,x0,goal,weight,A,b,Aeq,beq,Ib,ub)

x = fgoalattain( thresh eff ,x0,goal,weight,A,b,Aeq,beq,lb,ub,

confun )

x = fgoalattain( thresh eff ,x0,goal,weight,A,b,Aeq,beq,lb,ub,

confun ,... options)

x = fgoalattain(problem)

[x,fval] = fgoalattain( @thresheff x0 ,[I.ILILILILIL, @ con fun,
options)

[x,fval,attainfactor] = fgoalattain(...)

[x,fval,attainfactor,exitflag] = fgoalattain(...)

[x,fval,attainfactor,exitflag,output] = fgoalattain(...)
[x,fval,attainfactor,exitflag,output,lambda] = fgoalattain(... )

The solver was used to filde minimum ofthe functionF(x) as follows:

F(x) —weight -y < goal
clx)<0
e ceqlx) =0 (3.93

minimizey such that

7y A-x<b
Aeq-x =beq
Ib<x <ub.
X, weight, goal, b, beq, Ib, and ub are vectors, A and Aeq are matrices, and c(x), ceq(x), and F(

are functions that return vectors. F(x), c(x), and ceq(x) cdiméer ornonlinear functions.
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MATLAB Toolbox Syntax

x = fgoalattainihresheffx0,goalyeight)

x = fgoalattainihresheffx0,goal,weight,A,b)

x = fgoalattainihresheffx0,goal,weight,A,b,Aeq,beq)

x = fgoalattainihresheffx0,goal,weight,A,b,Aeq,beq,Ib,ub)

x = fgoalattainihresheffx0,goal,weight,A,b,Aeq,beq,lb, . dmnfun

x = fgoalattainthresheffx0,goal,weight,A,b,Aeq,beq,lb,ldmnfun... options)

x = fgoalattain(problem)

[x,fval] = fgoalattain(...)

[x,fval,attainfactor] = fgoalattain(...)

[X,fval,attainfactor,exitflag] = fgoalattain(...)

[X,fval,attainfactor,exitflag,output] = fgoalait...)

[x,fval,attainfactor,exitflag,output,lambda] = fgoalattain(...)

Description

x = fgoalattainthresheffx0,goal,weight) tries to make the objective functions supplied by fun

attain the goals specified by goal by varying x, starting at x0, with wepgtified by weight.

x = fgoalattainthresheffx0,goal,weight,A,b) solves the goal attainment problem subject to the
linear inequalities A*x = b.

x = fgoalattainthresheffx0,goal,weight,A,b,Aeq,beq) solves the goal attainment problem subject
to the linar equalities Aeg*x = beq as well. Set A =[] and b =[] if no inequalities exist.

x = fgoalattainthresheffx0,goal,weight,A,b,Aeq,beq,lb,ub) defines a set of lower and upper
bounds on the design variables in x, so that the solution is always in thélrange ub.

x = fgoalattainthresheffx0,goal,weight,A,b,Aeq,beq,Ib,udmnfur) subjects the goal attainment

problem to the nonlinear inequalities c(x) or linear equality constraints ceq(x) deficedfim



fgoalattain optimizes such that c(x) = 0 aretj(x) = 0. Set Ib = [] and/or ub =[] if no bounds
exist.

x = fgoalattain(fun,x0,goal,weight,A,b,Aeq,beq,lbadnfun... options) minimizes with the
optimization options speciftein the structure optionQptimsetwas usedo set these options.

x = fgoahttain(problem) finds the minimum for problem, where problem is a structure described
in Input Arguments.

The structure problemwascreatel by exporting a problem from Optimization Tool

[x,fval] = fgoalattain(...) returns the values of the objective fiamst computed in fun at the
solution x.

[x,fval,attainfactor] = fgoalattain(...) returns the attainment factor at the solution x.
[x,fval,attainfactor,exitflag] = fgoalattain(...) returns a value exitflag that describes the exit
condition of fgoalattain.

[x,fval,attainfactor,exitflag,output] = fgoalattain(...) returns a structure output that contains
information about the optimization.

[x,fval,attainfactor,exitflag,output,lambda] = fgoalattain(...) returns a structure lamhdaew

fields contain the Lagramegnultipliers at the solution x.

3.46 Running the Optimization

To run the optimization, the problem structure was created and modified in optimtool by
exporting the problem information to the MATLAB workspace. An option structure was created
using the Aoptimseto function orlsdveretartsthe or
optimization tool with the specified solver. For this study, the fgoalattain solver was used tc
perform the optimization. In the optimtool interface the solver, toolbox function and constraints
were selected, the optimization optionsrgvepecified before clicking on the start button to run
the optimization. The goal attainment problevas solvedoy minimizing the multi-objective

functionsf(x) simultaneously. The result of the optimization was displayed in an output.

11¢



CHAPTER FOUR

4.0 RESULTS AND DISCUSSION
4.1  Output Capacity for Millet Crop

Output capacity evaluates the quantity of clealtet grains collected at the grain outlet
of the multicrop thresher for the total quantity of crop fed per hbue.millet grains collected
ranges fron 166.6 kg/hr to 520.6 kg/twhen threshing was done at different levels of cylinder
speed, feed rate andop moisture contentThe variation of speed with outpuat various
moisture contents and constant feed rates are illustrated i&ig, c, d ard e). It indicates that
output capacity increase as speed increase. This may be due to increase kinetic energy tran:
from beater to crop causing more grains to be detarched. Howewensiant speed and feed
rateoutput capacity decreases as moistunagent increaselhis was as a result @ohesive and
adhesive forces that exist in crop with high moisture content that keeps the grains in plac
resulting to reduction in grain detarchment and output capacity.

Thevariation of feed rate with outpat various moisture contents and constant speed are
illustrated in Fig. 4.1(a, b, ¢, d and &).indicates that output capacity increases as feed rate
increase The reason wagcrease in the quantity afrop entering the hopper. However at a
constant speednd feed rate output capacity decreases as moisture content incideeses.
results were similar to those of Sinéaal. (2009) and Osueke (2013Jherefore output capacity
is directly proportional to speed and feed rate but inversely proportional sium@rcontents.

The equations of the regression lines are listed alongside the lines witlrcdb#icient of
determination (R.

The analysis of variance (ANOVA) of output capadity millet cropis shown n Table
4. The ANOVA indicates that theffect of all the factors evaluateshd theirinteractionswere
significant at 1 % probability leveFur t her anal ysis of the re

Range Test (DMRT) are shown in Tables 4.1(an c). Theresult shows than the variation
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of speedfeed rate and moisture content wahtputcapacitythere were significant differences

between the means at% level of significanceThis implies as speed increase to another level
output capacity increase significantly (Table 4;%e) feed rate increase to another level output
capacity increase significantly (Table 4.183% moisture content decrease to another level output
capacity increase significantly (Table 4.18ppendix D represents measured values of output

capacityat five levels of cylinder speed, feed rate amdp moisturecontent for milletcrop.
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Equations of Regression Lines
v=1.009x%-2531x+3558 Le
| J egend
250 R>=0.986 10,6 %% Moit
—_ .6 % Moisture
E 0 v=3.080x+154.7 o
Ej R*=0.949 = 11.9% Moisture
= 150 - v=2.071x+160.0
E_.' - R==0.968 13.2 % Moisture
= 100 - v=-2.524x+76.42x-380.9
© R*=0.765 < 14.3 % Moisture
50 - v=-4350x+1304x-783.5
R2=0.805 15.8 % Moisture
0 T T 1
10 15 20 25

Speed (m/s)

Fig. 4a:Variation of speed witloutput atvarious moisture content and constant feed rate of 6
kg/min for millet crop

330 - Equations of Regression Lines
310 - * y=6.755x+177.5 Legend
~ 290 - * R*=0.974 ~+ 10.6% Moisture
E y=10423x%-8.548x+ 292.6
%0 270 / 2=0.997 = 11.9% Moisture
= 250 - y=0.491x%-11.96x+ 318.1
s 230 — T T R2=0.994 3.2 % Moisture
&0 y=-0.519x%+ 16.56x + 107.8
5 RZ=0.825 < 14.3 % Moisture
ijg I y=-1.934x2+ 59.81x- 2306 1< g0, oisture
| R#=0.935 o T
150 T T 1
10 15 20 25

Speed (mv/s)

Fig. 4b:Variation of speed witloutput atvarious moisture content and constant feed rate of 8
kg/min for millet crop

400 ~ Equations of Regression Lines

ico y=0.618x2-12.32x+378 8 Legend
z r/./'///./. y=" 29251224 ¢ 106%Moisture
Ehal / R2=0.998 o
6250 . v=6.306x+215.6 = 11.9% Moisture
= RZ=0.976
J;—"200 . v=7469x+181.2 13.2 % Moisture
o RZ=0.995

150 7 y=-0424x2+19.07x+87.23 * 14.3 % Moisture

100 . . R==0.997

10 15 20 25

Speed (m/s)

Fig. 4c:Variation of speed witloutput atvarious moisture content and constant feed rate of 10
kg/min for millet crop
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500 - Equations of Regression Lines Legend
V=6.442x+308.5 o
450 . RZ=0 827 10.6 %o Moisture
= y=06.041x+297.6 = 11.9°% Moisture
%400 2 R==0.765
S350 / y=4920x+3012 * 13.2%Moisture
- . -
H RE=0851 14.3 % Moisture
=300 y=7.262x+238.2
= R*=0.991 15.8 % Moisture
250 y=-1.227x%+49.96x - 148.7
R*=0.992
200 T T T T T 1
10 12 14 16 18 20 22

Speed (m/s)

Fig. 4d:Variation of speed witlbutput atvarious moisture content and constant feed rate of 12
kg/min for millet crop

Equations of Regression Lines

500 - y=0.667x%-13.46x+516.6 Legend
. R*=0.925 + 10.6 % Moisture
o 450 - y=0985x?-2341x+573.6 o
E : RZ=0 983 = 11.9% Moisture
=) _ 98
& 400 - y=0.400x%-4334x+403.1 13.2 % Moisture
5 R*=0.992
£ 350 1 y=-0.679x2+36 15x+6 679 * 143 % Moisture
© RE=0.999 15.8 % Moisture
300 7 y=-1.740x24+73.30x-341 4
R*=0.988
250 T T 1
10 15 20 25

Speed (m/s)

Fig. 4e:Variation of speed witloutput atvarious moisture content and constant feed rate of 14
kg/min for millet crop



500 +

Equations of Regression Lines

450 y=31.46%+9.92 Legend
= 400 - R==0.999 + 10.6 % Moisture
= y=30x+16.52
Ej 350 - RZ=0.998 = 11.9% Moisture
B 300 - y=-0.828%x%+45.27x - 59.58 4 13.2% Moisture
& R2=0.999
5 250 A y=-1.639x?+ 53.97x - 87.75 ~ 14.3% Moisture

R*=0.996 oo
200 y=-1.596x2+4737x - 61 65 ' 1987 Morsture
150 : , - R*=0.997
0] 5 10 15

Feed Rate (kg/min)

Fig. 4.1aVariation of feed rate with outpatvarious moisture contents and constant speed of
12.1 m/s for millet crop

Equations of Regression Lines

200 7 y=33.84x-46 Legend
450 - R==0.999 ¢+ 10.6 % Moisture
= | y=30.56x+15.52
§ ;122 | . R2=0.999 = 11.99% Moisture
::; }.v =29 11x+164 13.29; h_.[oiqt-lu\e
= 300 - R=0.998 T
‘s‘ 250 - y= ?5-14X+36 < 14.3 % Moisture
o R==0.998

200 ~ y=122.69x+42.82 * 15.8% Moisture

150 T T . R==10.998

0 5 10 15

Feed Rate (kg/min)

Fig. 4.1b:Variation of feed rate with output @rious moisture contents and constant speed of
14.3 m/s for millet crop
500 - Equations of Regression Lines

y=32.06x + 25.72 Legend

R==0.999 + 10.6% Moisture
y=3142x+148

R2=0.999 = 11.9% Moisture
y=30.7x+10.12

450 ~

13.2 % Moisture

Output (kg/hr)
NOW W B
S 8 & 8

R*=0.999
y=128.63x+ 1582 x 14.3 % Moisture
R*=0.999
200 - v=26.1x+22.6 15.8 % Moisture
R*=0.998
150 T 1
0] 5 10 15

Feed Rate (kg/min)

Fig. 4.1c:Variation of feed rate with output @arious moisture contents and constant speed of
16.5 m/s for millet crop
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550 +

Equations of Regression Lines Legend
500 - y=31.84x +39.88 “gelle
R*=0.999 <0, Moicture
—~ 450 - ) ~ + 10.6% Moisture
= y=33.25x+ 5.58 _
% 400 - " R2=0998 = 11.9% Moisture
Y] NI |
£ 350 V=32.64x+3.57 13.2 % Moisture
= - R2=0.998
g 300 1 y=32.36x-7.04 % 14.3 % Moisture
© - . " R®=0.999 _
0 20 20.92 15.8% Moisture
y=32.03x-20.82
200 4 3
R*=0.997
150 , , .
0 5 10 15

Feed Rate (kg/min)

Fig. 4.1d:Variation of feed rate with output ®érious moisture contents and constant speed of
18.7 m/s for millet crop

600
Equations of Regression Lines
co0 y=33.12x+ 54 Legend
R==0.999 + 10.6 % Moisture
/:\ =135 45v + 6 54 )
% 400 - Y ]; i‘(}xggg()“ 4 = 11.9% Moisture
& < e 16 :
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) - 15.8 % Moisture
100 - y=-2.010x? + 84.86x - 368.6
R>=0.999
0 T T 1
0] 5 10 15

Feed Rate (kg/min)

Fig. 4.1eVariation of feed rate with output aarious moisture contents and constant speed of
20 m/s for millet crop



Table 4:ANOVA of outputcapacityfor millet crop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 1.47
Moisture (M) 4 32850.78 8212.70| 10056.3"*
Speed (S) 4| 3197133.97 799283.49 978706 **
Feed rate (F) 4 16764.92 4191.23| 5132.07**
M xS 16 2274.61 142.16| 174.08 **
M x F 16 1465.07 91.57| 112.12 **
FxS 16 25563.07 1597.69| 1956.34**
MxSxF 64 3763.91 58.81| 72.01 **
Error 248 202.54 0.82
Total 374 | 3280020.32

** = Significant at 1 % probability level
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Table 4.1aD. M. R.T. for variation of speed with outpatapacityfor millet crop

Duncan Mean N Speed
Grouping | Output (kg/hr) (m/s)

A 194.45 75 12.1

B 261.53 75 14.3

C 324.69 75 16.5

D 377.95 75 18.7

E 371.95 75 20.0
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square = 0.817
Number of Means 2 3 4 5
Critical Range 0.29 0.31 0.32 0.33

Table 4.1b:D. M. R.T. for variation of feed rate with outpagapacity for millet crop

Duncan Mean N Feed Rate
Grouping | Output (kg/hr) (kg/min)

A 317.18 75 6

B 319.13 75 8

C 324.84 75 10

D 32928 75 12

E 335.14 75 14
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square = 0.817
Number of Means 2 3 4 5
Critical Range 0.29 0.31 0.32 0.33

Table 4.1c:D. M. R.T. for variation of crop moisture content witlutput capacity for millet
crop

Duncan Mean N Moisture
Grouping | Output (kg/hr) Content (%)

A 334.78 75 10.6

B 331.25 75 11.9

C 327.57 75 13.2

D 317.71 75 14.3

E 309.26 75 15.8
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square = 0.817
Number of Means 2 3 4 5
Critical Range 0.29 0.31 0.32 0.33

This test controls the Type | compariseise error ratenot the experimenwise error rateAny

two means with the same letter are not significantly diffea¢rit% level of significance.
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4.2  Threshing Efficiency for Millet Crop
Threshing efficiency evaluates the percentage of grains detached from the cr@p by th
beaters of the multicrop thresher. It ranges from 94.02 % to 99.98 % for millet when threshin
was done at different levels of cylinder speed, feed rate and crop moisture cbméairiation
of speed withthreshing efficiency at various moisture corite and constant feed rates are
illustrated in Fig. 4.2(a, b, ¢, d and e). It indicates that threshing efficiency increases as spet
increase. This may be due to increase kinetic energy transfer from beater to crop causing mc
grains to be detarched. Hovex at constant speed, threshing efficiency decreases as moisture
content increaselhe reason was the existermfecohesive /adhesive forces in crop with high
moisture content that keeps the grains in place resulting to reduction in threshing efficiency.
Thevariation of feed rate witthreshing efficiency at various crop moisture contents and
constant speedre illustrated inFig. 4.3(a, b, ¢, d and €lf. indicates that threshing efficiency
decreases as feed rate increddes was because of reductionspeed as the load intensity on
the beaters increase as more crops areHediever at a constant feed rate, threshing efficiency
decreases as moisture content increase. This may be due to cohesive and adhesive forces
exist in crop with high moisture content that keeps the grains in place resulting to reduction il
threshing #iciency. These results were similar to those of Siahal. (2009); Osueke (2013)
and Saeidirackt al. (2013). Therefore threshing efficiency is directly proportional to speed but
inversely proportional to feed rate and moisture contents. The equatitms regression lines
are listed alongside the lines with their coefficient of determinatién (R
The analysis of variance (ANOVA) of threshing efficierioy millet cropis shown n Table 4.2.
The ANOVA indicates that the effect of all the factorslestedand theirinteractionswere
significant at 1 % probability leveFur t her anal ysis of the re
Range Test (DMRT) are shown in Tables 4.3(a, b and@ih®result shows than the variation

of speed, feed rate and moistucentent with threshing efficiencythere were significant
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differencesbetween the means at% level of significanceThis implies as speed increase to
another level threshing efficiency increase significantly (Table A&=afeed rate increase to
anotherlevel threshing efficiency decrease significantly (Table 4.2ts) moisture content
decrease to another level threshing efficiency increase significantly (Table Appendix F
represents measured values of threshing efficiandiye levels of cylindespeed, feed rate and

cropmoisturecontent for milletcrop.
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Table 4.2: ANOVA ofthreshing efficiencyor millet crop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.003
Moisture (M) 4 812.649]  203.162| 46041.8*
Speed (S) 4 7.271 1.818| 411.93*
Feed rate (F) 4 16.259 406 | 921.19*
M xS 16 2.793 0.175| 39.56*
M x F 16 8.7® 0.544| 123.30*
FxS 16 3.761 0.235| 53.2°7*
MxSxF 64 6.600 0.103| 23.37*
Error 248 1.094 0.004
Total 374 859.1%

** = Significant at 1 % probability level
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Table 4.3 aD. M. R.T. for variation of speedith threshingefficiencyfor millet crop

Duncan Mean N Speed
Grouping Threshing (m/s)
Efficiency (%)
A 98.28 75 12.1
B 08.48 75 14.3
C 98.57 75 16.5
D 98.64 75 18.7
E 98.67 75 20.0

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square 6.004
Number of Means 2 3 4 5

Critical Range 0.021 0.022 0.023 0.024

Table 4.3 bD. M. RT. for variation of feed ratevith threshingefficiency for millet crop

Duncan Mean N Feed Rate
Grouping Threshing (kg/min)
Efficiency (%)
A 98.77 75 6
B 98.70 75 8
C 08.58 75 10
D 08.38 75 12
E 98.21 75 14
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square 6004
Number of Means 2 3 4 5
Critical Range 0.021 0.022 0.023 0.024
Table 4.3 cD. M. R.T. for variation of crop moisture contewith threshingefficiency for millet
crop
Duncan Mean N Moisture
Grouping Threshing Content (%)
Efficiency (%)
A 99.73 75 10.6
B 99.69 75 11.9
C 99.64 75 13.2
D 97.41 75 14.3
E 96.17 75 15.8

Alpha =0.05 Error Dgrees of Freedom248 Error Mean Square 6:004
Number of Means 2 3 4 5
Critical Range 0.021 0.022 0.023 0.024
This test controls the Type | compariseise error ratenot the experimenwise error rateAny

two means with the same letter are not significantly diffeaerit% level of significance.



4.3  Cleaning Efficiency for Millet Crop

Cleaning efficiency evaluates the percentage of clean grain collected at the grain outlet.
indicates the effectiveness of the sieves, the blower and the shaker to separate grains from cf
as they flow to the bottoraf the thresher. It ranges from 84.27 % to 99.71 % for millet when
threshing was done at different levels of cylinder speed, feed rate and crop moisture Thatent.
variation of speed witleleaning efficiency at various moisture contents and constantrééesl
are illustrated in Fig. 4.4(a, b, c, d and e). It indicates that cleaning efficiency increases as spe
increase. This may be due to increase in air flow rate of the blower as speed increases. Howe
at constant speed, cleaning efficiency decreasesoisture content increaJée reason wathe
existence otohesive aAdhesive forceand small masdifferencebetween grains and chafifith
high moisture content resulting tgrains being blown awaywith chaff hencereduction in
cleaning efficiency.

The variation of feed rate witltleaning efficiency at various moisture contents and
constant speedre illustrated in Fig. 4.5(a, b, ¢, d and e). It indicates that cleaning efficiency
decreases as feed rate increases Was because afcreasng load ntensity on the sieves as
multiple particles act as styuction to grain flow resulton to more grains blown away with
chaff. Also at a constant feed rate, cleaning efficiency decreases as moisture content increa
These results were similar to tleosef Smonyan and Yiljep (2008)Dsueke (2013)Therefore
cleaning efficiency is directly proportional to speed but inversely proportional to feed rate anc
crop moisture content. The equations of the regression lines are listed alongside the lines wi
their coefficient of determination (R

The analysis of variance (ANOVA) of cleaning efficienioy millet crop is shown i
Table 4.4The ANOVA indicates that the effect of all the factors evaluateditheirinteractions
were significant at 1 % probabilitevel,Fur t her anal ysi s of the r¢

Range Test (DMRT) are shown in Tables 4.5(a, b and@ih®result shows than the variation
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of speed, feed rate and moisture content valaning efficiencythere were significant
differencesbetween the mearet 1% level of significanceThis implies as speed increase to
another level cleaning efficiency increase significantly (Table 4&s)feed rate increase to
another level cleaning efficiency decrease significantly (Table 4.&%)mosture content
decrease to another level cleaning efficiency increase significantly (Table Agpgndix H
represents measured values of cleaning efficiadyve levels of cylinder speed, feed rate and

cropmoisturecontent for milletcrop.
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Fig. 4.5b:Variation of feed ratevith cleaningefficiencyat various moisture contents and
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Table 4.4: ANOVAOf cleaning efficiencyor millet crop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.01
Moisture (M) 4 4850.31 1212.58| 55341.7*
Speed (S) 4 112.61 28.15| 1284.85*
Feed rate (F) 4 192.62 48.16| 2197.83*
M xS 16 97.67 6.10| 278.60 **
M x F 16 74.05 4.63| 211.23**
FxS 16 44.49 2.78| 126.90**
MxSxF 64 92.03 1.44| 65.63 **
Error 248 5.43 5.43
Total 374 5469.3 5469.3

** = Significant at 1 % probability level
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Table 4.5 aD. M. RT for variation of speeavith cleaningefficiencyfor millet crop

Duncan Mean N Speed
Grouping Cleaning (m/s)
Efficiency (%)
A 93.87 75 12.1
B 94.31 75 14.3
C 94.62 75 16.5
D 94.88 75 18.7
E 95.42 75 20.0

Alpha =0.05 Error Degrees of Freedom248, Error Mean Square 6.:022
Number of Means 2 3 4 5

Critical Range 0.048 0.050 0.052 0.053

Table 4.5 bD. M. RT. for variation of feed ratevith cleaningefficiency for millet crop

Duncan Mean N Feed Rate
Grouping Cleaning (kg/min)
Efficiency (%)

A 95.83 75 6
B 94.81 75 8
C 94.58 75 10
D 94.12 75 12
E 93.72 75 14

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square 6022
Number of Means 2 3 4 5

Critical Range 0.048 0.050 0.052 0.053

Table 4.5 cD. M. R.T. for variation of crop moisture contewith cleaningefficiency for millet

crop
Duncan Mean N Moisture
Grouping Cleaning Content (%)
Efficiency (%)
A 98.35 75 10.6
B 97.24 75 11.9
C 96.29 75 13.2
D 92.66 75 14.3
E 88.52 75 15.8
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square 6.:022
Number of Means 2 3 4 5
Critical Range 0.048 0.050 0.052 0.053

This test controls the Type | compariseise error ratenot the experimenwise error rateAny

two means with the same letter are not significantly diffea¢rit% level of significance.
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4.4  Scattered Grain Loss for Millet Crop

Scattered graing) includes: threshed grains sucked out with chaff at the top chaff outlet,
plusthreshed grains falling out of the hopper, plus threshed grains blown away with chaff by the
blower, plus threshed grains falling from the shaker during threshing and cleaning. It ranges frol
5.77 % to 12.18 % for millet when threshing was done at diffédesrels of cylinder speed, feed
rate and crop moisture contefithe variation of speedvith scatteredgrain loss at various
moisture contents and constant feed rates are illustrated in Fig. 4.6(a, b, ¢, d and e). It indicat
that scattered grain loss neases as speed increase. This may be due to increase in machin
vibration and air flow rate of the blower above optimum. However at constant speed, scattere
grain loss decreases as moisture content increase. This may be due to cohesive and adhe
forces that exist in crops with high moisture content that keeps the grains and chaff togethe
resulting to reduction in grain loss.

The variation of feed ratevith scatteredgrain loss at various moisture contents and
constant speedare illustrated in Fig. Z(a, b, ¢, d and e). It indicates that scattered grain loss
decreases as feed rate increase. This may be due to increase load intensity on the beaters cat
the machine rotation, vibration and air flow rate to be low. Also at a constant feed rateedcatte
grain loss decreases as moisture content incrédsese results were similar to those of
Simonyan and Yiljep (2008). Therefore scattered grain loss is directly proportional to speed bt
inversely proportional to feed rate and moisture content. Thatieqa of the regression lines are
listed alongside the lines with their coefficient of determinatici. (R

The analysis of variance (ANOVA) of scattered grain lfmssmillet crop is shown i
Table 4.6.The ANOVA indicates that the effect of all the fa& evaluate@nd theirinteractions
were significant at 1 % probability levétur t her anal ysi s of the r¢
Range Test (DMRT) are shown in Tables 4.7(a, b an@ih®result shows than the variation

of speed, feed rate and iwimre content withscattered grairloss there were significant
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differencesbetween the mearat 1% level of significanceThis implies as speed increase to
another level scattered grain loss increase significantly (Table 4.7a); as feed rate increase
another level scattered grain loss decrease significantly (Table 4.7b); as moisture conte
decrease to another level scatkeigrain loss increase significantly (Table 4. ZAppendix J
represents measured values of scattered grairatdsee levels of cylinder speed, feed rate and

cropmoisturecontent for milletcrop.
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Table 4.6: ANOVAOof scattered grain logsr millet crop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00
Moisture (M) 4 1239.92 309.98| 1.453E7*
Speed (S) 4 17.92 4.48 | 209943+
Feed rate (F) 4 42.85 10.71| 502106*
M xS 16 0.74 0.05| 2159.33**
M x F 16 2.23 0.14 | 6539.99**
FxS 16 0.69 0.04| 2010.32**
MxS xF 64 3.13 0.05| 2288.87**
Error 248 0.01 0.00
Total 374 1307.4

** = Significant at 1 % probability level
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Table 4.7 aD. M. RT. for variation of speedith scatteredjrain lossfor millet crop

Duncan Mean N Speed
Grouping | Grain Loss (%) (m/s)
A 9.37 75 12.1
B 9.52 75 14.3
C 9.67 75 16.5
D 9.82 75 18.7
E 9.99 75 20.0

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0.015 0.016 0.016 0.017

Table 4.7 bD.M.R.T. for variation of feed ratevith scatteredyrain loss for millet crop

Duncan Mean N Feed Rate
Grouping | Grain Loss (%) (kg/min)

A 9.19 75 14

B 9.47 75 12

C 9.67 75 10

D 9.91 75 8

E 10.16 75 6

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0.015 0.016 0.016 0.017

Table 4.7 cD.M.R.T. for variation of crop moisture contewith scatteredjrain loss for millet

crop
Duncan Mean N Moisture
Grouping | Grain Loss (%) Content (%)
A 11.39 75 10.6
B 11.18 75 11.9
C 10.83 75 13.2
D 7.94 75 14.3
E 7.04 75 15.8

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0.015 0.016 0.016 0.017
This test controls the type | comparisgise error ratenot the experimenwise error rate.

Any two means with the same letter auat significantly differentait 1% level of significance.
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4.5  Grain Damage for Millet Crop

Grain damage evaluates all the broken grains present within the clean grains collected
the output. It was as a result of direct impact between the beaters of gtentreylinder and
the crop fed. It ranges from 0.001 % to 0.62 % for millet when threshing was done at differen
levels of cylinder speed, feed rate and crop moisture corithatvariation of speedvith grain
damageat various moisture contents and canstfeed rateare illustrated in Fig. 4.8(a. b, c, d
and e). It indicates that grain damage increase as speed increases. This may be due to increas
collision rate between grains and beatelgwever at constant speed, grain damage decreases as
moistue content increase from 10.6 % to 13.2 % for millet; then increase constantly as moistur
content increase above 13.5 Thevariation of feed ratevith grain damaget various moisture
contents and constant speeds illustrated in Fig. 4.9(a. b, ¢, ddae). It indicates that grain
damage decrease as feed rate increases. This may be due to increase in cushion phenomenc
more crops are fed hence reducing the intensity of collision on the grains. Also at a constant fe
rate, grain damage decrease dyeas moisture content decreases from 15.8 % to 13.5 %, and
then increase gently as moisture content decreases from 13.2 % to 10.6 % forTindéet.
results were similar to those of Saeidiradal. (2013) and Osueke (2013Jherefore grain
damage is dectly proportional to speed but inversely proportional to feed rate. The reason for
this behaviour was because as moisture content decreases from 15.8 % to 13.5 %, softer gre
that were breaking easily with increase in speed became elastic and graige dataces
drastically. However as moisture content decreases from 13.5 % to 10.6 %, grains that we
elastic became brittle and grain damage increases a little. The equations of the regression lir
are listed alongside the lines with their coefficientlefermination (.

The analysis of variance (ANOVA) of grain damdge millet cropis shown n Table
4.8. The ANOVA indicates that the effect of all the factors evaluatetl theirinteractionswere

significant at 1 % probability leveFurther analysi f the results wusin
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Range Test (DMRT) are shown in Tables 4.9(a, b an@ih®result shows thah the variation

of speed, feed rate and moisture content \gidin damagehere were significant differences
between the means at%d level of significanceThis implies as speed increase to another level
grain damage increase significantly (Table 4.%m) feed rate increase to another level grain
damage decrease significantly (Table 4;,@s)moisture content decrease from 15.8 % to %3.5
grain damage decrease significantly (Table 4.8s)moisture content decrease further from 13.5
% to 10.6 % grain damage increase significantly (Table 4.9c). Appendix L represents measure
values of grain damaga five levels of cylinder speed, feedaandcrop moisturecontent for

millet crop.
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Table 4.8: ANOVAOof grain damagéor millet crop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00
Moisture (M) 4 15.77 3.941| 3.03E14**
Speed (S) 4 0.22 0.054| 9.47E18**
Feed rate (F) 4 0.26 0.064| 8.61E13**
M xS 16 0.07 0.004| 1.27E17**
M x F 16 0.06 0.004| 4.67E12**
FxS 16 0.03 0.002| 6.91E14**
MxSxF 64 0.02 0.001| 5.39E16**
Error 248 0.00 0.00
Total 374 16.42

** = Significant at 1 % probability level



Table 4.9 aD. M. RT. for variation of speedith grain damagéor millet crop

Duncan Mean N Speed
Grouping | Grain Damage (m/s)
(%)
A 0.16 75 12.1
B 0.18 75 14.3
C 0.20 75 16.5
D 0.22 75 18.7
E 0.24 75 20.0
Alpha =0.05 Error Degrees of Freedom248, Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table 4.9 bD. M. RT. for variation of feed ratevith grain damagéor millet crop

Duncan Mean N Feed Rate
Grouping | Grain Damage (kg/min)
(%0)

A 0.175 75 14

B 0.186 75 12

C 0.189 75 10

D 0.208 75 8

E 0.249 75 6
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table 4.9 cD. M. R.T. for variation of crop moisture contewith grain damagéor millet crop

Duncan Mean N Moisture
Grouping | Grain Damage Content (%)
(%)
A 0.058 75 10.6
B 0.038 75 11.9
C 0.012 75 13.2
D 0.250 75 14.3
E 0.490 75 15.8

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

This test controls the type | comparisgise error ratenot the experimenwise error rate.

Any two means with the same letter are not significantly diffea¢nii% level of significance.
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4.6  Output Capacity for SoybeanCrop

Output capacity evaluates the quantity of clesaybeangrains collected at the grain
outlet of the multicrop thresher for the total quantity of crop fed per Hdwe soybeangrains
collectedranges from42 kg/hr to 205 kg/hwhen threshing was done at different levels of
cylinder speed, feed rate aobp moisturecontent.The variation of speed witbutput atvarious
moisture contents and constant feed rates are illustrated ia.Edfa, b, cd ande). It indicates
that output capacity increase as speed increase. This may be due to increase kinetic ene
transker from beater to crop causing more grains to be detarched. Howes@nsahntspeed,
output capacity decreases as moisture content incréhsewas as a result ofohesive and
adhesive forces that exist in crop with high moisture content that keepgains in place
resulting to reduction in grain detarchment and output capacity.

Thevariation of feed rate with output @rious moisture contents and constant speed are
illustrated in Fig. 4.11(a, b, ¢, d and #&)indicates that output capacity ineses as feed rate
increase The reason wasncrease in the quantity of crogntering the hoppetdowever, at
constantspeedand feed rate output capacity decreases as moisture content incideeses.
results were similar to those of Sinéaal. (2009) and Osueke (2013Jherefore output capacity
is directly proportional to speed and feed rate but inversely proportional to moisture contents
The equations of the regression lines are listed alongside the lines witlcdb#icient of
determinain (F).

The analysis of variance (ANOVA) of output capadity soybeancrop is shown n
Table 4.10.The ANOVA indicates that the effect of all the factors evaluaded their
interactionswere significant at 1 % probability leveFurther analysis of #h results using
Duncandés Multiple Range Test ( DMR&resulashoas s h
thatin the variation of speed, feed rate and moisture contentowifbut capacitythere were

significant differencedetween the means at% level of significance.This implies as speed
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increase to another level output capacity increase significantly (Table 4.11a); as feed rai
increase to another level output capacity increase significantly (Table 4.11b); as moisture conte
decrease to another Evoutput capacity increase significantly (Table 4.1¥gpendix E
represents measured values of output capatifiye levels of cylinder speed, feed rate anap

moisturecontent for soybeacrop.
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Fig. 4.10b:Variation of speed witloutput atvarious moisture content and constant feed rate of 6
kg/min for soybearrop
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Fig. 4.10c:Variation of speed witloutput atvarious moisture content and constant feed rate of 8
kg/min for soybeamrop
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Fig. 4.10d:Variation of speed witloutput atvarious moisture content and constant feed rate of
10 kg/min for soybeaarop
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Fig. 4.10eVariationof speed withroutput atvarious moisture content and constant feed rate of
12 kg/min for soybeaaorop



225

Equations of Regression lines
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Fig. 4.11aVariation of feed rate with output @arious moisture contents and constant speed of
12.1 m/s for soybeatrop
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Fig. 4.11bVariation of feed rate with output afrious moisture contents and constant speed of
14.3 m/s for soybeatrop
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Fig. 4.11cVariation of feed rate with output ®rious moisture contents and constant speed of
16.5 m/s for soybeatrop
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Fig. 4.11dVariation of feed rate with output aarious moisture contents and constant speed of
18.7 m/s for soybeatrop
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Fig. 4.11eVariation of feed rate with output ®rious moisture contents and constant speed of
20 m/s for soybeacarop



Table4.10: ANOVA of outputcapacityfor soybearcrop

Source Degree of | Sum of Mean F Value
Freedom Squares Squares

Replication 0.00

Moisture 4 56413.90f 14103.47| 5.01E15**
(Sl\g)eed (S) 4| 19863.50 4965.88| 1.76E15**
Feed rate (F 4| 699203.80 174800.95 6.21E16 **
M xS 16 5490.67 343.17 | 1.22E14**
M x F 16 7819.58 488.72| 1.74E14**
FxS 16 6960.51 435.03| 1.54E14**
MxSxF 64 4495.19 70.24 | 0.49E13**
Error 248 0.00 0.00

Total 374| 800247.13

** = Significant at 1 % probability level
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Table 4.11aD.M.R.T. for variation of speed witbutput capacityor soybean crop

Duncan Mean N Speed
Grouping | Output (kg/hr) (m/s)

A 105.84 75 12.1

B 114.58 75 14.3

C 122.98 75 16.5

D 124.3 75 18.7

E 124.46 75 20.0
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square 2.82E12
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table 4.11bD.M.R.T.for variation of feed rate witbutput capacityor soybean crop

Duncan Mean N Feed Rate
Grouping | Output (kg/hr) (kg/min)

A 57.19 75 4

B 83.57 75 6

C 128.9 75 8

D 144.79 75 10

E 178.10 75 12
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square 2.82E12
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table 4.11cD.M.R.T. for variation of crop moisture contewith outputcapacity for soybean
crop

Duncan Mean N Moisture
Grouping | Output (kg/hr) Content (%)
A 129.12 75 10.8
B 127.% 75 12.2
C 126.38 75 13.5
D 111.19 75 14.6
E 97.61 75 15.4
Alpha=0.05 Error Degrees of Freedom248 Error Mean Square 2.82E12
Number of Means 2 3 4 5
Critical Range 0 0 0 0

This test controls the Type | compariseise error ratenot the experimenwise error rateAny

two means with the same letter are not significadifferentat 1 % level of significance.
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4.7  Threshing Efficiency for SoybeanCrop

It ranges from 95.6 % to 100 % for soybean when threshing was done at different level
of cylinder speed, feed rate and crop moisture coniée.variation of speedvith thresiing
efficiency at various moisture contents and constant feed & illustrated in Fig. 4.12(a, b, c,

d and e). It indicates that threshing efficiency increases as speed increase. This may be due
increase kinetic energy transfer from beater to atapsing more grains to be detarched.
However at constargpeed, threshing efficiency decreases as moisture content incféase
reason was theohesive and adhesive forces that exist in crop with high moisture content tha
keeps the grains in place regudt to reduction in threshing efficiency.

Thevariation of feed ratavith threshingefficiency at various crop moisture contents and
constant speedre illustrated irFig. 4.13(a, b, ¢, d and dj.indicates that threshing efficiency
decreases as feededahcrease. Thisvas because of reduction in speed addhd intensityon
the beatergncreaseas more crops are fed. However at a constant feed rate, threshing efficiency
decreases as moisture content increbswas as a result afohesive and adbkere forces that
exist in crop with high moisture content that keeps the grains in place resulting to reduction il
threshing efficiencyThese results were similar to those of Siehal. (2009); Osueke (2013)
and Saeidirackt al. (2013). Therefore threshing efficiency is directly proportional to speed but
inversely proportional to feed rate anmbp moisture contents. The equations of the regression
lines are listed alongside the lines with their coefficient of determination (R

The anasis of variance (ANOVA) of threshing efficiendgr soybearcropis shown in
Table 4.12 The ANOVA indicates that the effect of all the factors evaluaaed their
interactionswere significant at 1 % probability leveFurther analysis of the results ngi
Duncandés Multiple Range Test ( DMR&resulashoas s h
thatin the variation of speed, feed rate and moisture contenthvieshing efficiencyhere were

significant differencedetween he means at % level of sigificance. This implies as speed
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increase to another level threshing efficiency increase significantly (Table 4.13a); as feed rai
increase to another level threshing efficiency decrease significantly (Table 4.13b); as moistul
content decrease to anoth@&vél threshing efficiency increase significantly (Table 4.13c).
Appendix G represents measured values of threshing efficanitye levels of cylinder speed,

feed rate andropmoisturecontent for soybeacrop.
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100.5 - Equations of Regression Lines
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Fig. 4.12aVariation of speedvith threshingefficiencyat various moisture content and constant
feed rate of 4 kg/min for soybearop
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Fig. 4.12bVariation of speedvith threshingefficiencyat various moisture content and constant
feed rate of 6 kg/min for soyhacrop
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Fig. 4.12c:Variation of speedvith threshingefficiencyat various moisture content and constant
feed rate of 8 kg/min for soybearop
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100.5 Equations of Regression Lines
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Fig. 4.12d:Variation of speedavith threshingefficiencyat various moisture content and constant
feed rate of 10 kg/min for soybearop
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Fig. 4.12eVariation of speedvith threshingefficiencyat various moisture content and constant
feed rate of 12 kg/min for soybearop
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Equations of Regression lines
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Fig. 4.13aVariation of feed ratavith threshingefficiencyat various moisture contents and
constant speed of 12.1 m/s for soybegp
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X 100 - y= 100 Legen.d
et R==1 ¢ 10.8% Moisture
E' 99,5 y= 100
2 99 - R2=1 = 12.2% Moisture
=]
= | 7 v=100
E 985 Rz=1 13.5 % Moisture
98 R )
o y=-0.15x+99.6 .
g 975 - : RZ=1 < 14.6 % Moisture
- - o
= v=-0.17x+98.76 .
é 97 / RZ= 0996 15.4 % Moisture
ﬁ 96.5 ; ; o
0 5 10 15
Feed Rate (kg/min)

Fig. 4.13b:Variation of feed ratavith threshingefficiencyat various moisture contents and
constant speed of 14.3 m/s gmybearcrop
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Fig. 4.13cVariation of feed ratavith threshingefficiencyat various moisture contents and
constant speed of 16.5 m/s for soybegp
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1005 - Equations of Regression lines
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Fig. 4.13d:Variation of feed ratavith threshingefficiencyat various moisture contents and
constant speed of 18.7 m/s for soybegp
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Fig. 4.13: Variation of feed ratavith threshingefficiencyat various moisture contents and
constant speed of 20 m/s for soybeesp



Table 4.12: ANOVAof threshing efficiencyor soybearcrop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00
Moisture(M) 4 32945 82.363| 1671.B3*
Speed (S) 4 5.13 1.283| 2191.62**
Feed rate (F) 4 4.68 1.171| 511.8**
M xS 16 7.84 0.490| 473.51**
M x F 16 7.03 0.440| 783.3**
FxS 16 0.03 0.002| 91.74**
MxSxF 64 0.12 0.002| 56.63**
Error 248 0.00 0.000
Total 374 354.0

** = Significant at 1 % probability level
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Table 4.13 ab. M. R.T. for variation of speeavith threshingefficiencyfor soybean crop

Duncan Mean N Speed
Grouping Threshing (m/s)
Efficiency (%)
A 99.10 75 12.1
B 99.19 75 14.3
C 99.26 75 16.5
D 99.36 75 18.7
E 99.42 75 20.0
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0
Table 4.13 bD. M. R.T. for variation of feed ratavith threshingefficiency for soybean crop
Duncan Mean N Feed Rate
Grouping Threshing (kg/min)
Efficiency (%)
A 99.43 75 4
B 99.34 75 6
C 99.27 75 8
D 99.18 75 10
E 99.11 75 12
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table 4.13 cD. M. R.T. for variation of crop moisture contewith threshingefficiency for
soybean crop

Duncan Mean N Moisture
Grouping Threshing Content (%)
Efficiency (%)
A 100.0 75 10.8
B 100.0 75 12.2
C 100.0 75 13.5
D 08.6 75 14.6
E 97.8 75 15.4
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

This test controls the Type | compariseise error ratenot the experimenwise error rateAny

two means with the same et are not significantly differeratt 1% level of significance.



4.8 Cleaning Efficiency for SoybeanCrop

It ranges from 72.34 % to 97.26 % for soybean when threshing was done at differen
levels of cylinder speed, feed rate aop moisture contentThe variation of speedwith
cleaningefficiency at various moisture contents and constant feed rataBuateated in Fig.
4.14(a, b, c, d and e)lt indicates that cleaning efficiency increases as speed increase. This may
be due to increase in air flow eabf the blower as speed increases. However at constant speed
cleaning efficiency decreases as moisture content incréagereason was the existence of
cohesive / adhesive forcemd small mass difference between grains and chaff with high
moisture corgnt resulting to grains being blown away with chaff hence reduction in cleaning
efficiency.

The variation of feed ratewith cleaningefficiency at various moisture contents and
constant speedre illustraéd inFig. 4.1%a, b, ¢, d and e)lt indicates that cleaning efficiency
decreases as feed rate increddes was because ahcreasing load intensity on the siees
multiple particles act as obstruction to grain flow resultilg to more grains blown away with chaff.
Also at aconstantfeed rate, cleang efficiency decreases as moisture content incrddssse
results were similar to those of Sinyam and Yiljep (2008)Osueke (2013)Therefore cleaning
efficiency is directly proportional to speed but inversely proportional to feed raterapd
moistue content. The equations of the regression lines are listed alongside the lines with the
coefficient of determination @

The analysis of variance (ANOVA) of cleaning efficierfoy soybearcropis show in
Table 4.14.The ANOVA indicates that the effect of all the factors evaluaaed their
interactionswere significant at 1 % probability leveFurther analysis of the results using
Duncands Multiple Range Test ( DMRi€resulasioves s h
thatin the variation of speed, feed rate and moisture contentcleiéiming efficiencythere were

significant differencedetween the means at% level of significanceThis implies as speed

17C



increase to another level cleaning efficiency increasefsigntly (Table 4.15a); as feed rate
increase to another level cleaning efficiency decrease significantly (Table 4.15b); as moistur
content decrease to another level cleaning efficiency increase significantly (Table 4.15c)
Appendix | represents measurealues of cleaning efficiencat five levels of cylinder speed,

feed rate andropmoisturecontent for soybeacrop.
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Fig. 4.14aVariation of speedvith cleaningefficiencyat various moisture content and constant

feed rate of «g/min for soybearrop
100 ~ Equations of Regression lines

& y=0.473x + 86 44

7% %ﬁ " R2=0.990 Legend

- e oz = .

E 90 | / v=0467x+ 8559 + 10.8% Moisture

2 R2=0977

= g5 - y=0462x+84.59 = 12.2% Moisture

= _—  R=0%

oo 80 - y=0.440x+ 76.02 13.5 % Moisture

£ L R=0979 o

S 75 - v=0430x+ 7032 = 14.6% Moisture

= R*=0.949 _

o 70 . . | £ 15.4% Moisture
10 15 20 25

Speed (m/s)

Fig. 4.14bVariation of speedvith cleaningefficiencyat various moisture content and constant
feed rate of 6 kg/min for soybearop
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Fig. 4.14cVariation of speeavith cleaningefficiencyat various moisture content aocdnstant
feed rate of 8 kg/min for soybearop
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Fig. 4.14d:Variation of speedavith cleaningefficiencyat various moisture content and constant
feed rate of 10 kg/min for soybearop
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Fig. 4.14e¥Variation of speedvith cleaningefficiencyatvarious moisture content and constant
feed rate of 12 kg/min for soybearop
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Fig. 4.15b:Variation of feed ratavith cleaningefficiencyat various moisture contents and
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Fig. 4.15d:Variation of feed ratavith cleaningefficiencyat various moisture contents and
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Fig. 4.15eVariation of feed ratavith cleaningefficiencyat various moisture contents and
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Table 4.14ANOVA of cleaning efficiencyor soybearcrop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00
Moisture (M) 4 22614.16 5653.54| 872.64**
Speed (S) 4 3273.21 818.30| 5830.20**
Feed rate (F) 4 1847.22 461.81| 280.60**
M xS 16 2235.87 139.74| 981.60**
M x F 16 557.34 34.83| 837.60**
FxS 16 876.44 54.78| 708.60**
MxSxF 64 1497.11 23.39| 97.60**
Error 248 0.00 0.00
Total 374 32901.35

** = Significant atl % probability level
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Table4.15:D. M. R.T. for variation of speeavith cleaningefficiencyfor soybean crop

Duncan Mean N Speed
Grouping Cleaning (m/s)
Efficiency (%)
A 80.60 75 12.1
B 86.18 75 14.3
C 87.04 75 16.5
D 88.11 75 18.7
E 89.01 75 20.0
Alpha=0.05 Error Degrees of Freedom248 Error Mean Squareg
Number of Means 2 3 4 5
Critical Range 0 0 0 0
Table4.1%: D. M. R.T. for variation of feed ratevith cleaningefficiency for soybean crop
Duncan Mean N Feed Rate
Grouping Cleaning (kg/min)
Efficiency (%)
A 89.34 75 4
B 88.02 75 6
C 85.70 75 8
D 84.66 75 10
E 83.22 75 12
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table4.1%: D. M. R.T. for variation of crop moisture contewith cleaningefficiency for
soybean crop

Duncan Mean N Moisture
Grouping Cleaning Content (%)
Efficiency (%)
A 93.28 75 10.8
B 92.21 75 12.2
C 91.17 75 13.5
D 80.79 75 14.6
E 73.49 75 154
Alpha =0.05 Error Degrees of Freedom248, Error Mean Square &
Number of Means 2 3 4 5
Critical Range 0 0 0 0

This test controls the Type | comparissise error ratenot theexperimentwise error rate.

Any two means with the same letter are not significantly diffea¢i% level of significance.



4.9  Scattered GrainLossfor SoybeanCrop

It ranges from 1.54 % to 7.25 % for soybean when threshing was done at different level
of cylinder speed, feed rate and crop moisture confiémg.variation of speedvith scattered
grain loss at various moisture contents and constant feed rates are illustrated in Fig. 4.16(a. b,
d and e) It indicates that scattered grain loss increasegpe@sdsincrease. This may be due to
increase in machine vibration and air flow rate of the blower above optimum. However a
constant speed, scattered grain loss decreases as moisture content increase. This may be du
cohesive and adhesive forces that exirops with high moisture content that keeps the grains
and chaff together resulting to reduction in grain loss.

The variation of feed ratevith scatteredgrain loss at various moisture contents and
constant speedse illustrated in Fig. 4.17(a, b, @,and e). It indicates that scattered grain loss
decreases as feed rate increase. This may be due to increase load intensity on the beaters cat
the machineotation, vibrationand air flow rate to be low. Also at a constant feed rate, scattered
grain loss decreases as moisture content incre@kese results were similar to those of
Simonyan and Yiljep (2008 herefore scattered grain loss is directly proportional to speed but
inversely proportional to feed rate and moisture content. The equatitrsreigression lines are
listed alongside the lines with their coefficient of determinatici. (R

The analysis of variance (ANOVA) of scattered grain lmsssoybearcropis shown in
Table 4.16.The ANOVA indicates that the effect of all the factors aatdéd and their
interactionswere significant at 1 % probability leveFurther analysis of the results using
Duncandés Multiple Range Test ( DMR&resulashoas s h
thatin the variation of speed, feed rate and moistargent withscattered graitossthere were
significant differencedetween the means at% level of significanceThis implies as speed
increase to another level scattered grain loss increase significantly (Table 4.17a); as feed re

increase to another level scattered grain loss decrease significantly (Table 4.17b); as moistt
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content decrease to another level scatt grain loss increase significantly (Table 4.17c).
Appendix K represents measured values of scattered graiatldise levels of cylinder speed,

feed rate andropmoisturecontent for soybeacrop.
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Fig. 4.16aVariation of speedvith scatteredjrain lossat various moisture content and constant
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Fig. 4.16cVariation of speedvith scatteredyrain lossat various moisture content and constant
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Fig. 4.16d:Variation of speedvith scatteredyrain lossat various moisture content and constant
feedrate of 10 kg/min for soybean crop
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Fig. 4.16eVariation of speedvith scatteredjrain lossat various moisture content and constant
feed rate of 12 kg/min for soybean crop
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Fig. 4.17aVariation of feed ratavith scatteredjrain lossat various moisture contents and
constant speed of 12.1 m/s for soybean crop
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Fig. 4.17bVariation of feed ratevith scatteredyrain lossat various moisture contents and
constant speed of 14.3 m/s for soybean crop
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Fig. 4.17cVariation of feed ratavith scatteredyrain lossat various moisture contents and
constant speed of 16.5 m/s for soybean crop



Equations of Regression Lines
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Fig. 4.17d:Variation of feed ratevith scatteredyrain lossat various moisture contents and
constant speed of 18.7 m/s gmybean crop
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Fig. 4.17eVariation of feed ratevith scatteredyrain lossat various moisture contents and
constant speed of 20 m/s for soybean crop
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Table 4.16 ANOVA of scattered grain logsr soybearcrop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00
Moisture (M) 4 641.10 160.27| 2068243+
Speed (S) 4 85.82 21.45] 276857
Feed rate (F) 4 47.12 11.78| 152000*
M xS 16 2.66 0.17| 2141.42
M x F 16 2.24 0.14| 1807.92**
FxS 16 1.39 0.09| 1124.97**
MxSxF 64 1.25 0.02| 252.39 **
Error 248 0.02 0.00
Total 374 781.59

** = Significant at 1 % probability level
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Table 4.1a:D. M. R.T.for variation of speewith scatteredjrain lossor soybean crop

Duncan Mean N Speed
Grouping | Grain Loss (%) (m/s)
A 3.50 75 12.1
B 3.66 75 14.3
C 3.85 75 16.5
D 4.28 75 18.7
E 4.85 75 20.0

Alpha =0.05 Error Degrees of Freedom248, Error Mean Square &
Number of Means 2 3 4 5

Critical Range 0.0028 0.0030 0.0031 0.0032

Table 4.17bD.M.R.T. for variation of feed rateith scatteredjrain loss for soybean crop

Duncan Mean N Feed Rate
Grouping | Grain Loss (%) (kg/min)

A 4.54 75 4

B 4.18 75 6

C 3.92 75 8

D 3.70 75 10

E 3.54 75 12

Alpha =0.05 Error Degrees of Freedom248 Error Mean Square &
Number of Means 2 3 4 5

Critical Range 0.0028 0.0030 0.0031 0.0032

Table 4.17cD. M. R.T. for variation of crop moisture contewith scatteredjrain loss for
soybean crop

Duncan Mean N Moisture
Grouping | Grain Loss (%) Content (%)
A 5.29 75 10.8
B 5.2 75 12.2
C 4.79 75 13.5
D 2.60 75 14.6
E 2.19 75 15.4

Alpha =0.05 Error Degrees of Freedom248, Error Mean Square &
Numberof Means 2 3 4 5
Critical Range 0.0028 0.0030 0.0031 0.0032
This test controls the type | compariseise error ratenot the experimenwise error rate.

Any two means with the same letter are not significantly diffea¢i% level of significance.
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4.10 Grain Damage for SoybearCrop

It ranges from 0.001 % to 6 % for soybean when threshing was done at different levels o
cylinder speed, feed rate and crop moisture contdryvariation of speedvith grain damagat
various moisture contents and constant feed atesllustrated in Fig. 4.18(a. b, c, d and e). It
indicates that grain damage increase as speed increasesnaihbe due to increase in collision
rate between grains and beatétewever at constant speed, grain damage decreases as moistur
content increase from 10.8 % to 13.5 % for soybean; then increase constantly as moisture cont
increase above 13.5 %.

The variation of feed ratavith grain damaget various moisture contents and constant
speed are illustrated irFig. 4.19(a. b, c, d and d).indicates that grain damage decreasefeed
rate increase This may be due to increase in cushion phenomenon as more crops are fed hen
reducing the intensity of collision on the graifdso at a constanteed rate, grain damage
decreas@reatly as moisture content decreases from 15.8 % to 13a5d4henncreasegently
as moisture content decreasrom 13.5 % to 10.8 % for soybearhese results were similar to
those of Saeidiracet al. (2013) and Osueke (2013Yherefore grain damage is directly
proportional to speed but inversely proportional to feed fidte.reason for this behaviour was
because as moisture content decreases from 15.8 % to 13.5 %, softer grains that were break
easily with increase in speed became elastic and grain damage reduces drastically. However
moisture content decreases frod5L% to 10.6 %, grains that were elastic became brittle and
grain damage increases a little. The equations of the regression lines are listed alongside the lir
with their coefficient of determination R

The analysis of variance (ANOVA) girain damag for soybearcropis shown in Table
4.18.The ANOVA indicates that the effect of all the factors evaluatetitheirinteractionsvere
significant at 1 % probability leveFur t her anal ysis of the re

Range Test (DMRT) are shown Tables 4.19(a, b and d)heresult shows thah the variation
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of speed, feed rate and moisture content \githin damagehere were significant differences
between the means at% level of significanceThis impliesasspeedncrease to anothéevel
grain damagencreasesignificantly (Table 4.19g)as feed rate increase to another level grain
damage decrease significantly (Table 4.1%s) moisture contemtecreasérom 15.8 % to 13.5

% grain damage decreasgnificantly (Table 4.19c)as mosture content decrease further from
13.5 % to 10.6 % grain damage increaggificantly (Table 4.19c) Appendix M represents
measured values @rain damaget five levels of cylinder speed, feed rate @nolp moisture

content for soybeacrop.
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5 - Equations of Regression Lines
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Fig. 4.18d:Variation of speedvith grain damagat various moisture content and constant feed
rate of 10kg/min for soybean crop
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Fig. 4.18d:Variation of speedavith grain damagat various moisture content and constant feed
rate of 12 kg/min for soybean crop



07 - Equations of Regression Lines
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Fig. 4.19aVariation of feed ratavith grain damagat various moisture conterdsd constant
speed of 12.1 m/s for soybean crop
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Fig. 4.19b:Variation of feed ratavith grain damagat various moisture contents and constant
speed of 14.3 m/s for soybean crop
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Fig. 4.19cVariation of feed ratevith grain damagat variousmoisture contents and constant
speed of 16.5 m/s for soybean crop
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2.5 - Equations of Regression Lines
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Fig. 4.19d:Variation of feed ratevith grain damagat various moisture contents and constant
speed of 18.7 m/s for soybean crop
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Fig. 4.19eVariation of feed ratavith grain damagat various moisture contents and constant
speed of 20 m/s for soybean crop

191



Table 4.18ANOVA of grain damagéor soybearcrop

Source Degree of Sum of Mean F Value
Freedom Squares Squares

Replication 2 0.00

Moisture (M) 4 107.62 26.91| 5.87E16**
Speed (S) 4 143.70 35.92| 7.84E16*
Feed rate (F) 4 8.98 2.25| 4.0E15**
M xS 16 129.83 8.11| 1.77E16**
M x F 16 2.21 0.14| 3.01E14**
FxS 16 5.61 0.35| 7.65E14**
MxSxF 64 1.35 0.02| 4.59E13**
Error 248 0.00 0.00

Total 374 399.30

** = Significant at 1 % probability level



Table4.19a:D. M. R.T. for variation of speewith grain damagéor soybean crop

Duncan Mean N Speed
Grouping | Grain Damage (m/s)
(%)

A 0.13%4 75 12.1

B 0.161 75 14.3

C 0.197 75 16.5

D 0.784 75 18.7

E 1.744 75 20.0
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square = 4.586
Number of Means 2 3 4 5
Critical Range 0 0 0 0

Table4.19b: D M. R.T. for variation of feed ratevith grain damagéor soybean crop

Duncan Mean N Feed Rate
Grouping | Grain Damage (kg/min)
(%)
A 0.83 75 4
B 0.71 75 6
C 0.60 75 8
D 0.49 75 10
E 0.39 75 12
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square = 4.58E6
Number of Means 2 3 4 5
Critical Range 0 0 0 0
Table4.19c: D. M. RT. for variation of crop moisture contewith grain damagéor soybean
crop
Duncan Mean N Moisture
Grouping | Grain Damage Content (%)
(%)
A 0.30 75 10.8
B 0.23 75 12.2
C 0.17 75 13.5
D 0.72 75 14.6
E 1.60 75 154
Alpha =0.05 Error Degrees of Freedom248 Error Mean Square = 4.586
Number of Means 2 3 4 5
Critical Range 0 0 0 0

This test controls the type | compariseise error ratenot the experimenwise error rate.

Any two means with the same fet are not significantly differeratt 1% level of significance.
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4.11 Model Validation Results

A good linear relationship was achieved between the measured and predicted data wi
the coefficient of determination {), slope and intercepfound to be0.73, 1.3 and-27.3
respectively(Fig. 4.20). A paired ttest was conducted and the result revealed that the calculated
t-value(0.101) was less than the tabwatue (1.96) at 1 Yevel of significanceThis shows that
there was no significant difference bewen the predicted and measured threshing efficiency
values. A Standard Errorof 0.13, Mean Squared Deviation (MSD) of 0.9Bjas (mean
deviation)of 0.74 andRoot Mean Square Error (RMSE) 0.96were obtained for the predicted
and measured valueShese mall values for Standard Error, Mean Squared Deviation (MSD),
Bias and Root Mean Square Error (< 1 %) for a threshing efficiency range of 0 to100 % indicat
that the model isccurate A high Coefficientof Determination(r* = 0.73 and Coefficient of
Efficiency (E = 0.53)s also an indication that the model is accurdiee developed threshing
efficiency model is given in equation (3.5Appendix N represents measured and predicted
threshing efficiencies of the machine for SOSAT GB8ilet variety atfive levels of cylinder
speed, feed rate anckop moisture contentFig. 4.20 representsplot of measuredversus

predicted threshing efficiency of the machine.
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4.12 Optimization Results

An optimum speed of 18.7 m/s was determined for millet and soyBeaoptimumfeed

rates ofl2 kg/minand10 kg/minweredetermined for millet ashsoybean respectively. Optimum

moisture contents df1.9 %and 12.2 % werdetermined for millet and soybean respectively.

Optimum threshing efficiency 089.7 % and 100 % were determined for millet and
soybean respectively.

Optimum cleaning efficiency 097.4 % and 92.5 % were determined for millahd
soybean respectively.

Optimum Scatter loss af1.2 %and 4.7 % were determined for millet and soybean
respectively.

Optimum grain damage @.02 %and 0.3 % were determined for millet and soybean
respectively.

Optimum output capacity of420 kg/hr and 163 kg/hr were determined for millet and

soybean respectively.

Tables4.2((a, b andc) are Maximum, Optimum and Minimum performance respectively of the

multicrop threshefor SOSAT C88nillet varietyandSamsoy2 soybean variety
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Table4.20a: Maximum performance of the multicrop threskarSOSAT C88nillet varietyand
Samsoy2 soybean variety

Crop Max Max Max Output Threshing | Cleaning | Grain| Grain
Type Speed| Feed Moisture Capacity | Efficiency | Efficiency | Loss | Damage
(m/s) Rate Content (kg/hr) (%) (%) (%) (%)
(kg/min) (%)
Millet 20 14 15.8 520.6 9998 99.71] 12.18 0.62
Soybean 20 12 154 205 100 97.26| 7.25 6

Table4.2(: Optimum performance of the multicrop thresf@rSOSAT C88&nillet varietyand
Samsoy2 soybean variety

Crop Opt. Opt. Opt. Output Threshing | Cleaning | Grain| Grain
Type Speed| Feed Moisture Capacity | Efficiency | Efficiency | Loss | Damage
(m/s) Rate Content (kg/hr) (%) (%) (%) (%)
(kg/min) (%)
Millet 18.7 12 11.9 420 99.7 97.4| 11.2 0.02
Soybean| 18.7 10 12.2 163 100 92.5| 4.7 0.3

Table4.2Qc: Minimum performance of the multicrop threslier SOSAT C88nillet varietyand
Samsoy2 soybean variety

Crop Min Min Min Output Threshing | Cleaning | Grain| Grain
Type Speed| Feed Moisture Capacity | Efficiency | Efficiency | Loss | Damage
(m/s) Rate Content (kg/hr) (%) (%) (%) (%)
(kg/min) (%)
Millet 12.1 6 10.6 166.6 94.02 84.27| 5.77 0.001
Soybean| 12.1 4 10.8 42 95.6 72.34| 154 0.001




5.0

5.1

CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The IAR multicrop thresher was modifiegihd reconstructed at the Department of

Agricultural Engineering, Ahmadu Bello Universitg increase its threshing performarfoe

Millet and Soybean crop$he performance of the machine was evaluatethematicamodeb

for predictingits threshing efficiencythreshing loss andutputcapacity weralevelopecandthe

machine was optimized for both cropBased on the result of this study the following

conclusions were made:

The materials used for construction thfe machine components were durable and
resilient as the stress impodeglthe stems of bulky croms the threshing cylindef the
existing IAR SoybeaMulticrop threshers causing it to slow down or even stop was not
noticed in the modified machine dugiperformance testing.

The performance test conducted thve modifiedmachine gave &eed rate, threshing
efficiency, cleaning efficiency, scatterloss grain damageand output capacity of 14
kg/min, 99.98 %, 99.71 %, 12.18 %, 0.62 %, and 520.6 kg/pectivelywith SOSAT
C88 millet variety, as agains8 kg/min, 92 %, 80 %, 2.4 %, 3.5 %, and 81 kg/hr
respectively for the existing IAR multicrop thresher whethbmachines were operated
at 20 m/sWith Samsoy2 Soybearvarietythe modified machine gavi kg/min,100 %,
97.26 %, 7.25 %, 6 %, and 205 kg/hr respectively, as aghingtg/min,80 %, 70 %, 2

%, 1.94 %, and 23 kg/hr respectively for the existing lgdybeanthresherwhen both
machines were operated at 20 m/s

Theabove result indicates thtéite modifications made on the hopper, threshing cylinder,
top sieve, shaker andlower of the existing IAR multicrop threshéias greatly increase

feed ratdfor millet from 3 kg/min to 14 kg/min andoutputcapacityfrom 81 kg/hr to 52

19¢



Vi.

5.2

kg/hr, feed rate for soybean from 1k@min to 12 kg/min and output capacity from 23
kg/hr to 205 kg/hr when the machine was operated at a speed of .28lsu/ghreshing
andcleaningefficienciesof the machine foboth crops were increased.

The modedevelgpedwasaccuate and validor predicting the threshing efficiency of the
machine. This was confirmed kbyw valuesfor Standard Error, Mean Squared Deviation
(MSD), Bias and Root Mean Square Error (< 1 %); and high vdbaresoefficient of
determinatior(r? = 0.73) anctoefficientof efficiency (E = 0.53)

The optimumthreshingefficiency, cleaningefficiency, scatterloss grain damageand
outputcapacityobtained was 99.7 %, 97.4 %, 11.2 %, 0.02 %, and 420 kg/hr respectively
with SOSAT C88millet variety at acylinder speedfeed rateand moisture content of
18.7 m/s(850 rpm) 12 kg/min and 11.9 % respectiveBnd100 %, 92.5 %, 4.7 %, 0.3
%, and 163 kg/hr respectively wiamsoy2 Soybearvariety at acylinder speedfeed
rateand moisture coenhtof 18.7 m/g850 rpm) 10 kg/min and 12.2 % respectively.
Developingthis multicrop threshelmascut down the cost of purchasing separate machine
for each cropAs its cost of production is closer to the cost of produsingralsingle
crop threshersit has alsosolvedthe problem of threshing bulkgropssuch assoybean

andmillet manuallyby farmers

Recommendations

Even though soybean and milleasthe only test crops usddr this study, the machine

was design to threghanyothercerealcrops such asorghum, rice, wheand maizeSo
researchers are encouraged to continue testing this machine with different cereal crops
that its full potential can be exploited.

Farmers are encouraged to purchase this multicrop thresher as it ailly gnet down

cost of purchasing separate machine for each crop.



Vi.

To achieve the beghireshingresult,the sieve holediameter of the top and bottom sieves
shouldalwaysmatch the crop to be threshddence users are advised to always change
the top and bitom sievesto match the cropize and also adjustthe air entering the
blowerby shifting the side coverp or downfor perfectcleaning.

The design of other spike tooth threshers can be improvedsig the mathematical
models for predicting threshindfieiency, threshing loss andutput capacity of this
machine Hence researchshouldtest andadoptthese modelsnthear machines.

The moded should be usedin optimizing the threshing performancé spike tooth
threshersin different parts of theworld. Hence, providing usefulmethods for
understandinghow these machires can be operateéh different crop situationsand
different threshing conditions

The cleaning efficiency and grain damage models for this machine were yet to be

developed, so otheesearcher are encouraged to develop them.
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APPENDIX A

Design Calculations

The followingcalculations wereonductedn the design of thenachine

Determination of blower casing diameter
The diameter of blower casing was determined using the expressiouaitioaq(3.3 as
follows:
9=0,1+k ¢
Where,
%= initial radius of casingmm).
k = constant (0.0020 to 0.0023)
d = angular displacement in degrees
o= radius of casing af shift from initial radius of casingmm).
% = radius of blade + clearance =176 mm + 14 mm = 190 mm
k =0.0023
d=15° (assume a displacement of’XBom initial position)
0=190 (1+ 0.0023x15) = 196.555 mm
Thus, a radius of 197 mm wedstermined

Therefore the diameter of the blower casing was chosen to be 394 mm.

Determination of threshing cylinder diameter

The threshing cylinder diameter was carefully selected. The cylinder was design to hav
two differentdiameters along its length. A section on the cylinder was chodwavéoa diameter
of 210 mm. This forms the larger diameter section of the threshing cylinder which lay directly
below the feed hopper so that crops such as soybean with cultivars rémogmg50mm to

1200mm will not entangle easily on the cylind&nother section on the cylinder was chosen to



have a diameter of 160 mniihis forms the smaller diameter section of the threshing cylinder
with a larger threshing volume to accommodate muclestiing material at a time. Both
diameters were carefully selected to solve the problem of bulky crops such as soybean and mil
entangling the cylinder causing it to slow down or stop as was observed on the existing IAF

multicrop thresher.

Determination of sieves hole diameter
The diameter of sieve hole was determined usheg expression in equation (3.&s

follows:

1

D, = [6\/g /p]é
Where,

D= equivalent diameter (mm)

\V,4= grain volumgmn?)

The grain volume of Ex Borno millet seed at 20 % moéstontend/,= 16.1728 mm

1
Hence, D, =[6(16.1728)/p]s

De=3.14 mm

The grain volume of SOSAT C88 millet seed at 20 % moisture covi§en87.9496 mm

Hence, D, =[6(37.9496)/p]s

De=4.17 mm
For easy discharge of grains the chosen diameter was 2@aée larger than the calculated
equivalent diameter of the millet seed.
Thus, the chosen diameter = 0.2D¢ +D¢
=0.2(4.17) + 4.17
=5mm
Therefore the sieve hole diameter for millet threshing was determined to be 5 mm.
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The grain volume oBamsoy2soybean seed at 15 % moisture contgrit158.24 mn

Hence,D, = [6(158.24)/,0]%

De=6.71 mm

The grain volume oT GX 1485IDsoybean seed at 15 % moisture contgt163.36 mm

Hence, D, =[6(163.36)/p]:
De=6.78 mm
For easy discharge of grains thkosen diameter was made 25 % larger than the calculated
equivalent diameter of the soybean seed.
Thus, the chosen diameter = 0.29, +D¢
=0.25(6.78) + 6.78
=8.5mm

Therefore the sieve hole diameter for soybean threshing was determined to be 8.5 m

Determination of the concave sieve radius
The radius of the concave sieves was determined tisengxpression in equation (B#s

follows:

r

Nl Pl hp *+C.
Where,
rq = radius of threshingylinder (mm)
hp = height of peg (mm)
C. = concave clearance (mm)
r. = radius of concave sieve (mm)
With rq = 80,h, = 130,c. = 20 for soybean ant = 10 for millet
Thus,re =80 + 130 + 20 = 230 mm

The soybean concave sieve radius was determined to be 230 mm
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Andr.=80+ 130 + 10 = 220 mm

The millet concave sieve radius was determined to be 220 mm

Determination of fan speed required for cleaning
The fan speed required for cleaning was determined ubmgxpression in equation

(3.1)) as follows:

V = terminalvelocity of crop omir velocity required for cleaning (m/s)

N = fan speedequired for cleaningrpm)

r = distance between the center of the shaft and the apex of the fan blade (m)

The velocity of air required for cleaning a particular type of grain is less than or equal to
the terminal velocity of the grain since chaff and threshed heads which constitute a larger portic
of the total mass of material has terminal velocities subatintess than that of the grain.
Ojediranet al. (2006) determined the terminal velocity of millet at 20 % moisture content as 5.13
m/s. Therefore, for millet threshing, the fan speed to achieve this terminal velocity was obtainec
as follows:

V=513nis,r=176 mm=0.176 m

3 3
Hence,5.13= 2°p* 0176 N
60
3
= 51360 _ 781 rpm
23 3 0.176

Therefore the fan speed required for cleaning milletaedisrmined to b278.1 rpm
Refik et al (2006) determined the terminal velocity of soybean at 15.3 % moisture
content as 9.24 m/S.herefore, forsoybeanthreshing, the fan speed to achieve this terminal

velocity was obtained as follows:
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V=924m/s, r=176 mm =0.176 m
Hence,

23 p301762 N
60

9.24=

9.243 60

=——— —— =501.1 nm
23 0% 0176

Therefore thdan speed required for cleaning soybean was determined to be 501.1 rpm

Determination of air discharge bythe blower
The air discharge by the blower (Q) was determined usiagexpression irquation
(3.12 as follows:
Air flow rate Q) = AV
Where,
Q = air flow rate (ni/s)
A = area of inlet duct of the blower {n
V = terminal velocity of the threshed grain (air velocity required for cleaning) (m/s)
But the area of inlet duct of the blowg) = LW
Where:
L = length of inlet duct of the blower (m) = 510 mm = 0.510m
W = width of inlet duct of the blower (m) = 126 mm = 0.126m
Therefore A= 0.510 x 0.126 = 0.06426°m
Considering the terminal velocity of the heavier g\am 9.24 m/s
Therefore Air flow rate Q = 0.06426 x 9.24 = 0.5938 {s)
Since the efficiency of a blower is 30 %, (Hem, 1981) the actual air flow rate was given as:
Q.=0.3x 0.5938 = 0.1781 (its)

Therefore, the actual air flow rate of the blowers determined to l&1781(m®/s)
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Determination of the number of blades required

The number of blades required was determined ubm@xpression in equation (3)18s
follows:
The volume of air displaced per blade per sec®)avas given as:
Volume of air displacee Area of bhde x Distance covered by blade per second
V =(3w)3 (03 D)
Where,

| = length of blade (m) =430 mm =0.43 m

w = width of blade (m) =130 mm =0.13 m

D = diameter of circle inscribed by tip of blade (m) = 260 mm = 0.26 m
Therefore,V = (0.433 0.13)3 (p?3 0.26)= 0.04566 (rYs)
Thus,

The number of blade®\f) required = Actual air flow rate / Volume of air displaced per blafle (
Q.
Nb = 7

Where,
Q.= air flow rate (ni/s)
V = volume of air displaced per blade per secontigm

Ny = number of blades required

_Q._ 01781 ¢

Nb= 3.9 é. 4

Thereforethe number of blades required by the machine was determined to be four.
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Determination of weight of the blower
The weight of the bloweM},) was determined usirfe expression in equation (3.)18s
follows:
W, = adgv
Where,
W, = weight of blower (N)
Ui = density of blower galvanized steel blade (k§/m
g = acceleration due to gravity (m)s
v = volume of the blades (length x width x thickness})(m
Theweight of blower bladeW,) was determined as follows:
With = 7850 (kg/m)
g=9.81 (m/d)
v=(0.43x0.13 x 0.002) = 1.118 x 1m®)
Hence Wy= 7850 x 9.81 x 1.118 x 10= 8.6 N. Thus, all four blower blades weighed 34.4 N
The weight of blower shafW,) was determined as follows:
With = 7850 (kg/m)
g=9.81 (m/d)
v DAL= (" ?400.78=22.45 x 16 (M)
Where,
D; = diameter of shaft (m)
L = length of shaft (m)
Hence W, = 7850 x 9.81 x 2.45 x 10= 18.9 N. Thus, the blower shaft weighed 18.9 N
The weight of blower pulleyWs) was determined as follows:
With = 7850 (kg/n)

g=9.81 (m/d
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vz DyD)UA)t= (7 -Q.02F/410015 = 1.7 x 16(m°)
Where,

D, = external diameter of pulley (m)

t = thickness of pulley (m)
HenceWs = 7850 x 9.81 x 1.7 x 1= 21.8 N. Thus, the blower pulley weighed 13.1 N
Therefore W, = 4W; + Wo+ W5 =344 + 189 + 13.1 =66.4 N

Thus, theweight of the blowe(W,) wasdetermined to be 66.4 N; so the mass was 6.64 kg

Determination of pulley diameters
The pulley diameters were determined using the expressiequation (3.14as follows:
N,D, =N,D,
Where,
N; = speed of drive pulley (petrol engine pulley) ()pm
N,= speed of driven cylinder pulley (rpm)
D, = diameter of drive pulley (petrol engine pulley) (mm)
D, = diameter of driven cylinder pulley (mm)
The driven cylinder pulley

The diameter of the driven cylinder pulléd.f was determined as shown below:

N; = 1300 rpm

D1 =100 mm

N2= 650 rpm

Thus, D, = N,D, _1300d00_ 200 mm
N, 650

Therefore, the diameter of the driven cylinder puleyvas chosen to be 200 mm.
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The shaker pulley
The diameter of the shaker pulldy,f was determined ahown below:
N3 = speed of threshingylindersmaller pulley = 650 rpm
D3 = diameter of threshingylindersmaller pulley = 90 mm
N4= speed of shaker pulley = 189 rpm

Thus, D, = NyD, _ 650° 90 _
N, 189

309.5 & 310 mm

Therefore, the diameter of the shaker pullgyvas chosen to be 310 mm.
The blower pulley

The diameter of the blower pulleR£) was determined as shown below:
N4 = speed of thresher pulley = 650 rpm
D4 = diameter of threshingylinderlarger pulley = 200nm
Ns = speed of blower pulley = 929 rpm

N,D, _ 650° 200
N, 929

Thus, D, = =140 mm

Therefore, the diameter of the blower pull2ywas chosen to be 140 mm.

Determination of belt lengths
The length of each belt) was determined usintpe expression in equation (3)1&s

follows:

2
L:B(D+d)+2c+(D' d)
2 4c

Where,
L = effective length of belt (cm)
¢ = center distance from drive to driven pulley (cm)
d = outside diameter of drive pulley (cm)

D = diameter of driven pulley (cm)
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The cylinder belt length

The cylinder belt lengthLg) was determined as shown below:

c=107 cm
d=10 cm
D =20 cm
2
Thus, L, =2 20419 +2(109+ 2% 1Y _ 61 4cmor?M= 104.5 & 105
2 4(107) 25

Therefore, theylinder belt lengthl(;) was chosen to be A105.
The shakerbelt length
The shakebelt length ;) was determined as shown below:
c=42cm
d=9cm

D=31cm

(31- 9)° 497 _

Thus, L2=%(3l+9)+2(42)+ =149.7cm O 59.9 & 60 inch

Thereforethe shaker belt length.£) was chosen to be A60.
The blower belt length

The blower belt lengthLg) was determined as shown below:

c=64cm
d=20cm
D=14cm
2
Thus, L3:%(14+20)+2(64)+M:181.50mO 2—25: 72.6 & 73 inc

Therefore, the blower belt lengthsf was chosen to be A73
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Determination of belt speed
The speed of each bel)(was determined usinthe expression in equation (3)1&s

follows:

N = drive speed (rpm)

D = diameter of drive pulley (m)

V = belt speed (m/s)
The cylinder belt speed

When the prime mover was set at 909 rpm, the cylinder belt speed was determined
shown below:
N =909 (rpm)

D =100mm = 0.1 (m)

Thus,
3 3
v, =220 999 4 76 mis
Thereb r e, when the prime mover 6s waedriweh at & bett n

speed V1) of 4.76 m/s.
The shakerbelt speed
When the prime mover was set at 909 rpm, the shaker belt speed was determined
shown below:
N1D1 = N2D>
N1 =909 rpm, @ =100 mm, B =200 mm
\ N, = 909 100
N2=454.5 (rpm)

=454.5 rpm



D3=90mm = 0.09 (m)

_p? 009 4545
60

Vv, =2.14mls

Therefore, when the pri me mover o0s ppulley ey
revolution was 454.5 rpm and the shakes driven at a belt speéd) of 2.14 m/s.
The blower belt speed

When the prime mover was set at 909 rpm, the blower belt speed was determined
shown below:
N2 = 454.5 (rpm)

D, =200mm = 0.2 (m)

3 3
V3 = M: 4.76 m/s
60
Therefore, when the prnie mover 06s pull ey revol ut pubeg  w:

revolution was 454.5 rpm and the blower was driven at a belt sygeaf @.76 m/s

Determination of angles of lap (contact) of belts
The angle of lap (contact) of-Belt on a pulley wadetermined usinghe expression in

eqguations (3.20) and (3.Ras follows:

o = 180- 2sin 4R "8
o C =
o= 18O+23in'1geRc_:—r8
(;‘ -

Where,
R = radius of larger pulley (mm)
r = radius of smaller pulley (mm)
C = center distance between driven and driypndeys (mm)

di; =angle of lap for smaller pulley)(
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d» =angle of lap for larger pulley)
Belt lap angles between prime mover and cylinder pulleys
The belt lap angles betweprnime mover anaylinderpulleys were determined akown
below.
R=100 mm
r=50mm
C=1160 mm

d; = 180- 2sin'1"é‘§w8: 175.°

o 1160 =+

dy= 180+ 2sin 15200~ 508_ 1/ oo

¢ 1160 =
Therefore, the lap angle on the prime mover pulley was IZnil that on the cylinder pulley
was 184.9.
Belt lap angles between cylindeand shakerpulleys

The belt lap angles betweaylinder and shaker pulleys were determinedsh®wn

below

R=155 mm

r=45 mm

C=420 mm

d, = 180- 25in'1a153é045 8= 1490.6°
g -

o= 180+ 2sin-15‘%522;0458: 210.4°
g -

Therefore, the belt lap angle on the cylinder pulley was 1%n6 that on the shaker pullesas

210.4°,



Belt lap angles between cylindeand blower pulleys

The belt lap angles betweaylinder and blower pulleys were determined ahown

below:.

R=100 mm

r=70 mm

C=640 mm

d, = 180- 2sin'1%el%8= 174.6°
(; -

dp= 180+ 25in'1ae—a1024;0708: 185.4°
(; -

Therefore, the belt lap angle on the cylinder pulley was 18&ntl that on the blower pulley

wasl74.6.

Determination of power required to oscillate sieve
The power required to oscillate sieve was determined tisengxpression in equations

(3.8) and (3.9as shown below:

w3 N3 23y
kW=—"_— -
W 4500
W.3 N3 B 23 x
kW =—=
Ve 4500
Where:

kW= the power required for vertical movemékV)

kW, = the pover required for horizontal movemehiV)

ws= weight of reciprocating unalong with the material on ikg)

N = eccentric speed (rpm)

y = the vertical displacement of the reciprocating system in meter per stroke

x = the horizontal displacement @ciprocating system in meter per stroke.
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€ = the kinetic coefficient of friction at hinge points.
With ws= 15 kg,N=900 rpmx=4cm,y=4cm,e 9.08
Power required for vertitanovementvas obtained as:

w,3 N3 23y 153 900° 23 0.04

= 0.24 kW
4500 4500

KW =
Power required fohorizontalmovementwas obtained as:

w,3 N3 72 23 x 153 90C® 0.08® 22 0.04

= 0.02 kW
4500 4500

kW, =

Total power require® = kW, +kW,
P =0.24 + 0.02 = 0.26 kW

Therefore th@ower requiredo oscillate sievavas 0.26 kW

Determination of power required by the blower

The power required by the blower was determined usiiegexpression in equation

(3.23.

P=P,Q
P, =12
2

Where:
P = power required by the blower (W)
Py = dynamic pressure (NAn
Q = volume flow rate (#is)
} = deargkgt?ty of
V = velocity of air (m/s)
Wi t h j = fat30°6,5/ = B.B4/mis, Q = 0.5938s
1

P, = 53 1.1659.24)° = 49.73 N/m
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P =4973 0.593¢= 29.53 W = 0.03 kW

Therefore th@ower requiredy the blower was 0.03 kW

Determination of power required by the engine

The power requiretdy the engindor threshing soybean or millet was determined using
the expression in equations (3,22

Pe= Pr+Pc
Where,

Pe = enginepower (kW)

Pt = power required for threshing (kW)

Pc = power required focleaning (kW)

But,
Pe=TeWe
Pr=TWr
Pc=TcWc
Where,

Te = engine torque (Nm)

WE = Angular velocity oftheengine (ads/ser

Tt =torquerequired for threshing (Nm)

Wr = Angular velocityrequired for threshingd&ds/ser

Tc = torquerequired forcleaning (Nm)

W = Angular velocityrequired for cleaningéds/seg

The power required for cleanin@d) equals the power required by the shaker and the
power required by the blower.
The power required by the shaker was determined previously as 0.z2thd\Wat required by

the blower was also dertermined to be 0.03 kW.
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HencePc=0.26 + 0.03 .29 kW
The power required to thresh crop equals the total torque on the shaft multiplied by the
total angular velocity. Thus,
P =TW,
Robertsoret al. (1977) reported that about 3 N force was requpexbeaterto detachgrains of
maize. Assuming@@ N force was also requireger beaterfor detaching grais of soybeanor
millet, this force will exert a torque on the shaft given by:
T=Fr
Where,
T =torquerequired to thresh crop (Nm)
F = forcerequired to detach grain (N)
r = peripheralkylinder radius (m)
thus,
F=3N
r=210mm=0.21m
T=3x0.21=0.63 Nm
Therefore the effective torquéd) exerted by the 38 beaters was obtaiagd
Te=0.63 x 38 =23.94 Nm
Also, assuming a 3 N force was required for chopping the soybean and millet stem int
pieces before threshing, this force will exert a torque on the shaft given by:
T=Fr
Where,
T =torquerequired to chogrop stem (Nm)
F = forcerequired to chop crop stem (N)

r = peripherakylinder radius (m)
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thus,
F=3N
r=210mm=0.21m
T=3x0.21=0.63 Nm
Therefore the effective torquégd) exerted by the 12 beaters below the feed fmeauttingwas
obtained a:
Te=0.63x 12 =7.56 Nm
Therefore the total torque on the shaftjuals the effective torque on theatersrequired for
threshingplus that required for cutting. Hence,
T+=23.94 +7.56 = 31.5 Nm
The threshing speed of the IAR thresher for soybean and millet was determined durin
preliminary test to be (20 m/s). FroippendixO3 the diameter of the peripheral cylinde#20

mm or 0.42m. Hence, the requirddleshingspeed of the cylinder was detened as follows:

V = @
60
3
o0=P>42¢ N
60
3
N = 60° 20 =909pm
p3 042

Hence for the developed thresher 20 m/s equals to 909 rpm.
But, W = 2N
Where:

W = angularvelocity (rads/sec)

N = speedof threshing cylinder (rpm)

Thus,
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R =31.5% 9519 = 2998.49W = 3 kW

Therefore the power required for threshing soybean or millet was 3 kW.
The engine power required for threshsaybean or milletvasdeterminedhus:
Pe=Pr+ Pc
Pe=3+0.29=3.29 kW
Pe=3.29 kW
The engine power required for threshing and cleaning soybean or millet was determine

to be 3.29 kW.

Determination of belt tensiorsratio

The tension on each belf)(was determinedising tke expressions in equations (3.17),
(318) and (3.1Pas shown below:
Belt tensions driving the cylinder pulley

The belt tensions driving the cylinder pulley were determined with the following

relationships:

P 20N
= —, and w="—
m W 60
P3 60
Hencem =
2pN
Where,

m = torsional moment (Nm)
P = rated engine power required for threshing and cleaning (kW) = 3.2724 kW
w = angular velocity (rads/sec)

N = maximum engine speed for threshing and cleaning (sp8®9 rpm
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_ 3.272460
2x0x909

Thus m =0.0313&%Nm=3133Nm

But m=(TiiTyr

TiTe =t
r

Where,
m = torsional moment = 31.33Nm
r = radius of driven pulley 200 mm = 0.1 m
Ti= tension on the tight side of belts (N)
Ts=tension on the slack sidé belts (N)

Thus T{TTs :%’:31331N

Also,
:'r'_ts _ " ¢0=dAD)
Where,
T:= tension on the tight side of belts (N)
Ts= tension on the slack side of belts (N)
d = angle of lap of the driving pulley)(= 175.f
b = one half angle of the pulley groov® € 20
K = dynamic coefficient of friction between belt (rubber) and pulley (steel) = 0.5
Hence,
L _ eO.531751003ec(20)
Ts

T =T e0.531751/sin(20)
t S

T, = 4.453 10"'T,
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But T1Ts =31331IN

Thus 4.453 10T, - T, =313.31N
T.(4.453 10% - 1) = 313.31IN

_ 31331N

= 0
s~ 2455 10 = 7.04x10°N

T, =3133+7.04* 10“°N

T: =3133N
Therefore, belt tension on the slack side driimgeylinder pulley was 7.04xI8' N and that on
the tight side drivinghe cylinderpulley was 313.3

xiv.  The initial tension on the bellij was determined as shown below:

_ 3133+7.77310%
2

Ti

T, = 156.65N
Therefore the initial tension on the bélf)(was 156.6N
Belt tension driving the shaker pulley
The belt tensions driving the shaker pulley were determined with the following

relationships:

P 20N
=—,and w=——
m W 60
P3 60
Hencem =
2PN
Where,

m = torsional momentNm)

P = engine power required by the shaker (kW) = 0.26 kW



w = angular velocity (rads/sec)
N = cylinder speed at the time of threshing and cleaning (rpm) = 454.5 rpm

Thus m= 02660 _ 0.0054&Nm=5.46Nm

2X0x4545

But m=(TiiTyr

TiT, =%
r

Where,
m = torsional moment = 5.48m
r = radius of driven pulley 255 mm = 0.155m
Ti= tension on the tight side of belts)(
Ts=tension on the slack side of bel§ (

Thus T1Ts = ﬂ =3523N
0.155

Also,
:::_ts _ " #0=AD)
Where,
T; = tension on the tight side of belts)(
Ts= tension on the slack side of belt§ (
d = angle of lap of the driving pulley)(= 149.6
b = one half angle of the pulley groov® € 20
K = dynamic coefficient of friction between belt (rubber) and pulley (steel) = 0.5
Hence,
L _ eO.531496cosec(20)
Ts
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_ 0.5*1496/sin(20)
Tt - Tse

T, =3.833 1035Ts
But T:iTs =3523N\

Thus 3.833 10%*T, - T, =35.23N
T.(3.83% 10* - 1) = 35.23N

_ 3523N
s =383 10 = 9-2X10°N
T; =3523+9.23 10 *N
T =3523N
Therefore, the belt tension on the slack side drivirgshakerpulley was 9.2 x1& N and that
on the tight side drivinghe shakerpulley was 35.23

xv.  The initial tension on the bellij was determined as shown below:

_ 35.23+9.2310°%

Ti
2

Ti=17.62N
Therefore the initial tension on the shaker bEk\Was 17.62N
Belt tensions driving the blowerpulley
The belt tensions driving the blower pulley were determined with the following

relationships:

P 20N
=—, and w="—
m w 60
P3 60
Hencem =
2pN
Where,



m = torsional momentNm)
P = engine power required by the blower (kW) = 0.03 kW
w = angular velocity (rads/sec)

N = cylinder speed at the time of threshing and cleaning (rpm) = 454.5 rpm

Thus m = 00360

= ——2" -0,0006&Nm= 0.63Nm
2XOX4545

But m=(TiiTyr
Tii T = %

Where,
m = torsional moment = 0.68m
r = radius of driven pulley Z0 mm = 0.07 m
T:= tension on the tight side of belts)(
Ts=tension on the slack side of bel§ (

Thus T,1Ts = —0'63 =9N
0.07

T Ts=9N

Where,
Ti= tension on the tight side of belts)(
Ts= tension on the slack side of belt§ (
d = angle of lap of the driving pulley)(= 185.4

b = one half angle of the pulley groov® € 20
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K = dynamic coefficient of friction between belt (rubber) and pulley (steel) = 0.5
Hence,
0.5°1854 cosed 20)

T_g
TS

_ 0.531854/sin(20)
Tt - Tse

T, =1.253 10T,

But TiiTs =ON

Thus 1.253 10%T,- T, =9N
T.(1.25% 10* - 1) =9N

_ 9N
T = 1258 1% = 7-18x10"N
T,=9+7.1810*N
Tt =ON
Therefore, the belt tension on the slack side drivireplower pulley was 1.25x1¢* N and that

on the tight side drivinghe blowerpulley was 9N

xvi.  The initial tension on the bellij was determined as shown below:

2
3 -44
T, = 9+1.25% 10
2
Ti=4.5N

Therefore the initial tension on the bélt)(was 4.5\

Determination of frequency of oscillation

The frequency of oscillation of the shaker tray was determinedgusia expression in

equation (3.4as shown below:
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Where,
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f = therockingfrequency (Hz)

a =the length of the majaaxis mm)

b = the length of the minor axie(m)

g =the aceleration due to gravity (mrf)s
Frequency of the shaker

The oscillationfrequency of the shaker wdstermined as shown below
a =length ofconnecting rod = 5061m
b = length of the slendétate= 140mm

g =the aceleration due to gravity = 10000ms

1 2
e A505 2?2 /€ 4505 (9
f :( )é53 1000 - 1§) /@4 +6§)
}/2,0 & c 40 0/ é %402 A
f ——12334:2.4 ya
516

Thefrequency of oscillation of the shaker tray was determined to be 2.4 Hz. Therefore the shake

makes 2.4 circles per second.

Determination of torsional moment

The maximum torsional moment was determinsohgthe expression in equation (3)19

as follows:
Torsional momentrequired for threshing

The torsional momentequired for threshing was determined using the expression

equation (3.1pas follows:
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Where,

m = torsional moment (Nm)

P= engine power required for threshing

w = angular velocity (rads/sec)
N = maximum engine speedquired forthreshing and cleaningpim) = 909rpm

Thus m = ﬂ =0.0315&XNm=3152Nm

2Xx909

Therefore, the torsional moment required for threshihg (vas 31.52Nm
Torsional momentrequired by shaker
The torsional momentrequired by shaker was determined usihg expression in

equation (3.1pas follows:

P 20N
=— , and w=——
m w 60
P3 60
Hencem =
2pN

Where,
m = torsional momentNm)
P = engine power required by the shaker (kW) = &\26
w = angular velocityrads/sec)
N = cylinder speed at the time of threshing and cleaning (rpm) = 4.5

Thus m = _0:26x60

= ————— = 0.0054&NmM=5.46Nm
2XPX4545

Therefore, the torsional moment required by shakgy (vas 5.46Nm
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Torsional momentrequired by the blower
The torsional momentequired by the blower was determined usihg expression in

equation (3.1pas follows:

P 20N
=—, and w="—
m w 60
P3 60
Hence m =
Z2pN

Where,
m = torsional momentNm)
P = engine power required by the blower (kW) = 0.03 kW
w = angular velocity (rads/sec)
N = cylinder speed at the time of threshing and cleaning (rpm) = 454.5 rpm

Thus m = M =0.0006&NmM=0.63Nm

2Xx4545

Therefore, the torsional moment required by the blowg) vas 0.63\m
The maximuntorsional momenof the machine was given by:
m =M+ Mz + M3
my=31.52 + 5.46 + 0.63
m = 37.61Nm
Therefore, the maximum torsional moment used for threshing and cleaning wabIB¥7.61
Available torsional momenton the prime mover
At a threshing speed of 909 rpm the torsional moment on the prime mbigr was not
used by the machine was determined as follows:

_ P260
2pN

Where,

m

M= engine torsional momenti(n)
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P = rate engine power 7 Hp = 7 x 0.746 = 5.22 kW
N = maximum speecequired for threshing and cleaningrf) = 909rpm

3
Thus m = M =54.84Nm

23 p3 909
The torsional moment available for use = 54.8%¥.61 = 17.23\m

Therefore, at a threshing speed of 909 rpm the torsional moment available for use wabmi7.23

Determination of weight of a material
The weight of a materialas determinedsingthe expression in equation (3)24
W =adfv
Where,
W = weight of materiall{])
Ui = density of galvanized steddg/m®)
g = acceleration due to gravityn(s’)
v = volume of the material (length x width x thicknessf)(m
Cylinder weight
The threshing cylinder weight was determined as shown below:
U= 7850 (kg/m)
g=9.81 (m/d)
v = (0.66 x 0.545) 0.003 + (0.79 x 0.503) x 0.003 = 2.271 %(&)
W= 7850 x 9.81 x 2.271 x 1= 1749 N
Beatersweight
The beaters weight was determined as shown below:
ti= 7850 (kg/m)
g=9.81 (m/d

L=5270 mm =5.27 m
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D=15mm =0.015m
v= D¥4)L= (° %49 5.27%9.31x16(m%
W,=7850 x 9.81 x 9.31 x 1b=71.7 N
Chaff throwers weight

The chaff throweweight was determined as shown below:
U= 7850 (kg/m)
g=9.81 (m/$)
v =((0.05x 0.125) + (0.1 x 0.1) + (0.025/2 x 0.1)) 0.003 x 4 = 2.1 %(a6)
W3= 7850 x 9.81 x 2.1 x 1B 16.2 N
The total loadNV =Wy + W, + W

W=1749+71.7 + 16.2 =262.8 N

Therefore, the total load on the shaft due to the cylinder, beaters and chaéfrthweas 262.8 N
Load on shaft due toshaker belt tension

The load on shaft due to shaker was the tension on the tight side of the shaker be
determined previously above as 35.23 N.
Load on shaft due to blower belt tension

The load on shaft due to blowevas the tension on the tight side of the blower belt
determined previously above as 9 N.
Load on shaft due to prime mover belt tension

The load on shaft due to prime mover was the tension on the tight side of the prime
mover belt determined previously ateoas 313.3 N.

Since the prime mover and the blower share the same pulley on the threshing cylinde
shaft their combined load exerted at that point = 313.3 + 9 =322.3 N

Theloadsacting on the shaft are shown on the free body diagram (FBE). 3a.
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R; and R are normal reaction forces acting at the bearifigsy were determined asshown
below.

The sum of vertical forces equals to zero

Thus, x F = 0

R;+ R, =262.8 + 35.23 + 313.3

R;+ R, =611.33

The sum of moments about a point equals to zero
Thus,x M = 0

Taking moments about point E

1400 R =700 x 262.8 + 1465 x 35.23+ 1502 x 313.3
1400R; = 706148.55

R, =706148.55/ 1400 = 504.39 N

R, =504.39 N

R; +504.39= 611.33

R;=611.33i 504.39

R1=106.94 N

Determination of maximum shear force and lending moment

Theshear forceand bending momesitveredeterminedasshownbelow.
Shear force

Considering the forces acting downward as positive while those acting upward as
negative, the shear forces at each point (A, B, C, D and E) of the shaft veereidet as shown
below:
SFA=313.3N
SK =313.3 + 35.23 =348.53 N

Sk=313.3 + 35.23 504.39 =155.86 N



Sk =313.3 + 35.23 504.39 + 262.8 = 106.94 N
SH=313.3 + 35.23 504.39 + 262.8 106.94 =0 N
Themaximum shear force was determined t348.53 N
Bending moment

Considering the bending moment (RMand BMt) at the end loads as zero and
considering clockwise direction as negative and anti clockwise direction as positive, the bendin
moments at each point (A, B, C, D and E) of the shaft weterghined as shown below:
BMa=-313.3x0=0
BMg =-313.3 x 0.037 =11.59 Nm
BM¢ = (-313.3 x (0.037 + 0.065)) +35.23 x 0.065) =34.25 Nm
BMp = (-313.3 x (0.037 + 0.065 + 0.7)) +36.23 x (0.065 + 0.7) + (504.39 x 0.7) = 75.03 Nm
BMe = (-313.3 x 0.037 + 0.065 + 0.7 + 0.7)) +36.23 x (0.065 + 0.7 + 0.7) +

(504.39 x 0.7+ 0.7) +262.8 x 0.7)

= (-313.3 x 1.502) +-85.23 x 1.465) + (504.39 x 1.4) ©262.8 x 0.7) = 0 Nm

Thereforethe maximum bending moment wdstermined to b&5.03Nm
The free body diagram (FBD), shear force diagram (SFD) and bending moment diagram (BMD

of the cylinder shaft loading are shown on figures 3a, 3b and 3c respectively.
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Fig. 3a: Free body diagram of the cylinder shaft. The dimensions are in millimeters

+ 348 53 N
+ 313.3 N

+106.94 N \
0 [\ \ 0 SFD

N

Fig. 3b: Shear force diagram of the cylinder shatft.

-155.86 N

+75.03 Nm

Fig. 3c: Bending moment diagrams of the cylinder shatft.



Determination of the threshing cylinder shaft diameter

To determine the diameter of the threshing cylinder shaft, the limits for the maximum
allowable shear stress, bending and torsional moment ofhtkfe were considered. Also the
weight of the pulleys, threshing cylinder, beaters and the tension exerted by each belts on tl
shaft were determined. Then the maximum bending moment was determined from the shaft she
force and bending moment diagram, etihe maximum torsional moment was determined from
the rated engine power and rated engine speed.

Thus, the shaft diameter was determined uiegeyression in equation (3.2as shown

below:

_ 16
PS,

d? (KoM, ) + (KM, )

Where,

d = shaft diameter (m)

S, = dlowable shear stress (Nfin

My = bending moment\m)

M; = torsional moment (Nm)

Ky = combined shock and fatigue factor applied to bending moment (1.5)

K= combined shock and fatigue factor applied to torsional moment (1.0)
Determination of the allowableshear stress

The allowable shear stres$)was determined ahown below
Medium carbon steel rod (C1040) having the following strength properties (Yield Styes$ (S
568.7 MN/nf and Tensile Stress {Sf 668.8 MN/nf) as stated by ASME, 1948 wekosen as
the threshing cylinder shaft. The lower value of the allowable shear sB£4§ % ultimate
tensile stress (sor 30 % yield stress (J was obtained as follows:
0.185=0.18 x 668.8 = 120.38 MN/m

0.35,= 0.3 x 568.7 = 170.61 MN/m
24(C



Therefore S, = 120.38 MN/

Since the shaft has a key way, the allowable shear stress was reduced by 25 % to takleecare of
stress concentration.

Hence,S:= 120.38 x 0.75 = 90.3MN/m

Therefore, the allowable shear stre83 was 90.3 MN/

Cylinder shaft diameter

Thecylindershaft diameterd) was determined ahown below

1
a*= 2% [(k,M, ) +(KM, )

a

S = 90.3 MN/nf, Kp = 1.5,K;= 1.0,Mp = 75.03Nm, M, = 37.61 Nm

., 16

= m\/(l.53 7503 + (12 37.61)°

d® =6.692639 x 16

d =%/6.692639 10° =0.0188%n = 18.85 mm

To avoid the use of an overweight shaft, a factor of safety of 1.32 was chosen to take care
deformation due to fatigue caused by cyclic loading.

Thus, d = 18.85 x 1.32 = 24.882 a 25 mm

Hence for reliability and safety, a 25 mm diameter slvaf chosen for the threshing cylinder.
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APPENDIX B

Analysis of variance (ANOVA) for th& x 5 x 5 factorial experiment imcompleterandomized
design

Source DF SS MS F
Replication, R=rl1 2
Moisture content, M =m-1 4
Speed, S=sl 4
Feed rate, F=F1 4
M*S (m-1)(s1) 16
M*F (m-1)(f-1) 16
F*S (f-1)(s1) 16
M*S*F (m-1)(f-1)(s1) 64
Error (mfs-1)(r-1) 248
Total (rmfs-1) 374
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APPENDIX C

SsFaMs  SsFiMa SiFsMip SoFaMi SoFaMa S4FiM2 SsFiMs S4FiMs SiFsMa  SiFsM
S3FsMs SsaFiMi SsFiMz  SsFsMy  SsFsMs SoFsMs  SoFsMs SiFiMa - SiFiMs - SiFiMy
SsFiMs  SsFaMi SiFaMi - SiFaMz - SiFaMs S3FsMs  SsFiMs SsFaMp  SsFaMa - SaFaMa
SsFaMi SsFaoMz SsFoMs  S4FaMs  SsFiM:2 SaFaM; SsFaM2 SsFaM3 SiFsMa SiFsMs
SiFsM2 S3FsMy SsFoMa  SsFaMz S3FaMs SoFsM1 SoFsMs SoFaMy SoFaMa - SsFsMa
SiFiM; SsFaMy SsFaMs  SiFiMz  SoFsMy SiFsM;  S3FsMs  S3FsMs SqFiMy SsFaMs
S3FsMa  S3FaMs  SsFaMi SaFaMi SaFaM2 SiFsMs SsFsMs SsFiMs  SsFiMa S1FiMs
SsFsMs SsFsMi  SoFaMs  SoFsMi SoFsMa S3FaM3  SsFaMa  S3sFaMs  S3FsMi SsFsMo
S4FoMy SsFaMs SsFsMi  SsFsMa  SsEFsMs SoF M3z SoFiMs SaFsMs SsFiMy - SsFiMa
SiFsMs SoFaMs SiFaMs  SiFsMs S1FsMs SaFaM; SsFaMa  SaFsMi SsFaMs  SsFsMi
SiFsM2 SiFsMz SoFiMa - SsFaMas S3FaMs S4F3M3  SsFsMs SsFsMs SaFiMa - SoFiMs
SsFoM,  SsFsM;  SsFsMa  SsFsMs  SiFsMy SsFoMs  SsFaMa  SsFaMs  SgFsMa  SeFsMs
SoFsMy SoFsMs SoFsMa SoFsMs SoFaMy SoFaMa  SoFaMs  SoFsMy SsFaMy  SsFaMay
SsFaMs  SsFsMz S3FaMs  SsFiMs  SsFiMa SiFsMs SiFsMp SsFsMa  SsFsMs  SsFaMi
S4F3Ms SiFiMs SiFiMs  SiFiMs  SiFsMs SiFsM3 SiFsMy SiFsMs SqFsMi  SsFaMs
SsFaMy  SsFaMs  SsFsMi SaFsMas SsFiM, SsFsMy  S3FsMs  SsFaMi SiFsMa S1FsMs
SoFsMz  SsFiMs SiFsMs SiFsMs  SoFiM SsFiMz  S3FiMz SsFiMa - SsFaMs S3FaMs
SsFaM> SsFaMs  SsFaMs  SaFsMa  SaF3Ms SiFsMs SiFsMs SoFiMi SaFaMa  SaFsMs
S4FsM3 SsFsMs SsFsMs  SsFiMi SsFiMa SsFsM; S3FaMa S3FsMs  SsFiMs  SsFaM2
S3FiMs  SsFaMp SoFiMs - SoFiMy - SoF1Ms SsFsMz  SsFsMs  SiFaMi SiFaMy - S1FaMs
SsFsMs  SsFaMs SsFaMi  SoFsMs - SoFaMo2 SsFaM3  SsFaMs  SsFaMs  S;FaMi SsFaMa
S3FsM; S3FsMs S4FiM3  SaFiMy S4F1Ms SsFsMs  SoFaMs SpFsMa - SoFsMs SiFiMy
S4FsMy SsFsMs SsFsMi  SaFsMz  S3FsMa SoFsMa SoFsMs - SoFsMa SiFaMa - SiFaMs
SiFaMs SiFaMi SiFsMi - SiFsMz - SiFsMs SsFIM1 SoFaMs  SoFaMi - SoFaMa - SoFaMs
SoFaM3  SoFaMa SoFaMs SoFaMy SoFsMs SsFsMi  SsFsMz  SsFsMs  SqFiMs  S4FsMa
R RII

SsFiMiy
SaFsMi
SaFaM;
S3FsM3
SoF 1My
S3FaMs
S3FsMs
S4F3M;y
SsFaMa2
SoF4M2
SsFsMa2
SiFiM;
SiF2Mi
SsFsMy
SoFaMo
S3FiMs
SaF4M3
S3FaM2
S1FsMi
S4FaMy
SsFsMi
S1FaM;3
SoFsMy
SoF4M;3
S1F3Ma

SsF1Ma
SsFsM
SsFsM2
S4F1Ms
S2F1Ms

S3F3My
SaF 1M1
S4F3sM2
SsFaM;
SaFsMy
S1FsMy

S1FiMa
SiFaM2
SsFsMs
S2FaM;3
S3FaM;
SaFsMa
S3FaM3
S1FsM2
S4F4Ms
SsFzM2
SsFaMa
SoFsMa
S2FaMy
S1FsMy

SsFiM3
SsFsMa
S4FsMy
S4FaM;
SoFaM;
S3FsMs
S4FiM2
S4FsM3
SoFsM;3
S2FsMss
S1FsMs
S1FaMy
SsFaM
SaFaMo
S3FaMa
S4FsM3
S1FiM3
S1FsM3
S4FsMu
SsFzM3
S3FsMy
S2FsM3
S2FaMs
S3FaM3

SoF1M2
S3F3M3
SsFiM;
Si1FaMi
SoFsM2
S1F4sMy
S3FiM3
SsFaMa2
SoFsMy
S4FsMs
S2FiMy
SsFsMs
S3F4My
SsFsMs
S4F2M3
SsFiMs
SsFaMs
S1F1M4
S4F2Ms
meUAZM
S1F2Ms
S4FiM3
Si1FsM3
S2FaMy
S3F2M4

SiFsMs
SsFaMs
me—zw
S4F3Ms
SoFaMy
S1FaMs
SsFiMa
SoF 1M
S2F3Ms
SsF1M4
SsFsMa
SsFsMa
S3FsM2
SaF2Ms
S4F2My
SsFaM;
SsFsM
SiF1Ms
S4F3My
S3FsM;
Si1FsM;
SaF1M4
SsFsM3
S1F3M3
SsFaM;

R III

A complete randomized design showing a layout of 5 x 5 x 5 factorial experiment involving 5 levels of cylinder speeds (S1, Sz, S3, S4, Ss),
5 levels of Feed rates (F1, F2, F3, F4, Fs) and 5 levels of moisture contents (M1, M2, M3, Ma, Ms), in three replications RI, RII, and RIIIL.
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APPENDIX D

Measuredralues ofoutputcapacityfor SOSAT C88 millet Varietwt five levels of cylinder
speed, feed rate alwdop moisture content

Cylinder Feed Rate OutputCapacity(kg/hr)
Speed (kg/min)
(m/s) 10.6 % 11.9% 13.2% 14.3 % 15.8 %
Moisture | Moisture | Moisture | Moisture | Moisture
6 196.8 193.6 183.8 179.6 166.6
550 rpm 8 260.6 250.8 245.8 233.2 211.2
(12.1 m/s) 10 319.4 300.2 290.2 270.8 255.8
12 388.2 3770 355.8 326.2 276.6
14 447.6 4330 410.8 3450 288.4
6 200.4 198.6 190.5 185.4 175.4
650 rpm 8 274.6 258.2 246.6 236.0 226.6
(14.3 m/s) 10 330.6 317.8 310.4 290.4 273.6
12 404.6 383.4 370.2 340.8 314.8
14 468.8 443.6 419.8 384.4 358.2
6 215.2 202.8 195.8 190.4 180.2
750 rpm 8 287.0 265.8 254.6 2410 227.8
(16.5 m/s) 10 345.4 3324 317.2 302.6 285.4
12 419.4 398.2 385.8 358.8 3390
14 474.6 455.8 442.2 417.8 395.6
6 230.8 210.8 198.4 185.2 166.6
850 rpm 8 299.4 281.2 267.6 237.2 217.8
(18.7 m/s) 10 3600 347.8 331.4 320.4 296.6
12 436.6 419.4 398.1 377.2 361.2
14 488.6 475.2 464.6 446.8 425.2
6 255.6 219.2 200.6 125.8 65.4
909 rpm 8 317.4 291.2 274.6 230.2 187.8
(20 m/s) 10 382.6 3590 343.8 331.4 298.4
12 449.8 4330 408.4 380.8 357.2
14 520.6 502.8 4750 457.2 427.2
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APPENDIX E

Measuredralues ofoutputcapacityfor Samsoy2 soybeawmarietyat five levels of cylinder

speed, feed rate alwdop moisture content

Cylinder Feed Rate OutputCapacity(kg/hr)
Speed (kg/min)
(m/s) 10.8 % 12.2 % 13.5% 146% | 154 %

Moisture | Moisture | Moisture | Moisture | Moisture
4 61 59.4 54.2 50.0 42.0
550 rpm 6 99 90.0 83.0 78.0 73.0
(12.1 m/s) 8 135 125.0 116.2 108.0 100.0
10 167 155.4 145.2 131.0 122.0
12 195 186.0 172.0 148.0 130.0
4 63 60.0 55.0 48.0 43.2
650 rpm 6 99 92.0 85.0 79.0 69.0
(14.3 m/s) 8 137 126.0 120.0 110.0 100.0
10 170 157.0 149.0 141.0 126.6
12 198 187.0 179.0 159.2 140.6
4 65 63.0 58.0 50.0 44.0
750 rpm 6 101 93.0 88.0 81.0 72.0
(16.5 m/s) 8 137 128.0 123.0 113.0 102.0
10 170 159.2 153.0 142.4 128.4
12 201 190.0 184.0 171.0 158.4
4 66 63.6 60.0 53.0 45.6
850 rpm 6 103 96.0 89.0 83.0 74.4
(18.7 m/s) 8 140 130.0 125.0 116.0 103.0
10 172 162.2 155.4 143.4 130.2
12 204 194.0 187.0 173.4 160.8
4 66 63.6 61.8 54.4 43.4
909 rpm 6 101 98.0 89.0 84.8 73.8
(20 m/s) 8 138 133.8 127.0 117.0 104.4
10 170 164.2 158.4 143.4 130.2
12 205 195.8 191.6 173.4 160.8
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APPENDIX F

Measured values diireshing efficiencyor SOSATC88 millet variety at five levels of
cylinderspeed, feed rate amdop moisture content

Cylinder Feed Rate Threshing Efficiency (%)
Speed (kg/min)
(m/s) 10.6 % 11.9% 13.2% 14.3 % 15.8 %

Moisture | Moisture | Moisture | Moisture | Moisture
6 99.85 99.78 99.62 97.65 95.82
550 rpm 8 99.76 99.71 99.49 97.46 95.66
(12.1 m/s) 10 99.66 99.44 99.41 97.11 95.35
12 99.39 99.35 99.16 96.71 95.01
14 99.34 99.31 99.22 95.91 94.02
6 99.87 99.82 99.62 97.71 96.02
650 rpm 8 99.81 99.78 99.61 97.61 95.86
(14.3 m/s) 10 99.64 99.61 99.54 97.41 95.63
12 99.41 99.37 99.26 97.21 95.38
14 99.44 99.29 99.22 96.62 94.57
6 99.88 99.85 99.82 97.78 96.25
750 rpm 8 99.84 99.83 99.81 97.65 96.06
(16.5 m/s) 10 99.81 99.71 99.65 97.52 95.95
12 99.69 99.61 99.54 97.31 95.74
14 99.52 99.45 99.42 97.01 95.68
6 99.97 99.96 99.85 97.38 95.82
850 rpm 8 99.96 99.95 99.94 97.56 96.23
(18.7 m/s) 10 99.91 99.86 99.82 97.63 96.39
12 99.83 99.71 99.59 97.66 96.44
14 99.65 99.56 99.48 97.47 96.41
6 99.98 99.97 99.87 96.65 95.11
909 rpm 8 99.97 99.96 99.96 97.35 95.99
(20 m/s) 10 99.98 99.98 99.93 97.79 96.71
12 99.93 99.81 99.78 97.72 96.70
14 99.86 99.82 99.72 97.56 96.52
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APPENDIX G

Measuredralues otthreshingefficiencyfor Samsoy2 soybean varietgt five levels of
cylinderspeed, feed rate aldop moisture content

Cylinder Feed Rate Threshing Efficiency (%)
Speed (kg/min)
(m/s)
10.8 % 12.2 % 13.5% 14.6 % 15.4 %

Moisture | Moisture | Moisture | Moisture | Moisture
4 100 100 100 98.9 97.9
550 rpm 6 100 100 100 98.5 97.5
(12.1 m/s) 8 100 100 100 98.2 96.9
10 100 100 100 97.7 96.3
12 100 100 100 97.2 95.6
4 100 100 100 99.0 98.1
650 rpm 6 100 100 100 98.7 97.7
(14.3 m/s) 8 100 100 100 98.4 97.4
10 100 100 100 98.1 97.1
12 100 100 100 97.8 96.7
4 100 100 100 99.1 98.3
750 rpm 6 100 100 100 98.9 98.0
(16.5 m/s) 8 100 100 100 98.7 97.8
10 100 100 100 98.4 97.5
12 100 100 100 98.2 97.3
4 100 100 100 99.2 98.4
850 rpm 6 100 100 100 99.0 98.2
(18.7 m/s) 8 100 100 100 98.8 97.9
10 100 100 100 98.6 97.8
12 100 100 100 98.4 97.6
4 100 100 100 99.2 98.4
909 rpm 6 100 100 100 99.1 98.3
(20 m/s) 8 100 100 100 98.9 98.1
10 100 100 100 98.7 98.0
12 100 100 100 98.5 97.8




APPENDIX H

Measuredralues ofcleaning efficiencyor SOSATC88 millet variety at five levels of
cylinderspeed, feed rate aldop moisture content

Cylinder Feed Rate Cleaning Efficiency (%)
Speed (kg/min)
(m/s) 10.6% 11.9% 13.2 % 14.3 % 15.8 %

Moisture | Moisture | Moisture | Moisture | Moisture
6 98.2 97.31 96.44 92.67 88.79
550 rpm 8 98.04 97.15 96.05 92.44 88.35
(12.1 m/s) 10 97.86 96.81 95.78 92.17 87.88
12 96.71 95.69 94.69 91.53 86.66
14 96.13 95.04 94.01 90.12 84.27
6 98.53 97.64 96.73 93.55 88.95
650 rpm 8 98.44 97.33 96.57 92.93 88.58
(14.3 m/s) 10 98.39 97.18 96.30 92.35 87.85
12 97.86 96.53 95.14 91.83 86.55
14 97.52 96.13 94.74 90.76 84.85
6 98.82 97.57 97.09 95.19 89.05
750 rpm 8 98.67 97.36 96.86 94.09 88.06
(16.5 m/s) 10 98.42 97.19 96.34 93.13 87.25
12 98.04 97.15 95.75 92.08 86.52
14 97.87 96.93 95.13 90.62 85.51
6 99.70 98.20 97.14 92.31 91.20
850 rpm 8 99.14 97.62 96.91 91.17 89.86
(18.7 m/s) 10 98.60 97.57 96.55 90.22 88.35
12 08.48 97.43 96.01 89.51 87.12
14 98.16 97.08 95.35 88.53 86.12
6 99.71 98.23 97.57 94.26 92.24
909 rpm 8 99.43 98.05 97.14 93.64 91.98
(20 m/s) 10 98.79 97.92 96.48 93.11 91.39
12 98.62 97.57 96.16 92.53 90.57
14 98.49 97.36 95.84 91.55 89.31
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APPENDIX |

Measuredralues ofcleaning efficiencyor Samsoy2 soybean varietst five levels of
cylinderspeed, feed rate aldop moisture content

Cylinder | Feed Rate Cleaning Efficiency (%)
Speed (kg/min)
(m/s) 10.8 % 12.2 % 13.5 % 14.6 % 15.4 %

Moisture | Moisture | Moisture | Moisture | Moisture
4 93.55 92.18 91.25 82.19 77.01
550 rpm 6 92.23 91.39 90.25 81.58 75.81
(12.1 m/s) 8 91.74 90.76 89.08 80.39 74.01
10 90.61 89.41 88.49 79.34 73.25
12 89.31 88.41 87.59 78.32 72.34
4 94.25 93.05 92.47 83.41 78.21
650 rpm 6 93.27 92.24 91.27 82.15 76.99
(14.3 m/s) 8 92.55 91.21 90.19 81.19 75.32
10 91.31 90.09 89.49 80.39 74.11
12 90.31 89.19 88.47 79.19 73.07
4 95.07 94.06 93.21 84.32 78.31
750 rpm 6 94.06 93.11 92.04 83.07 77.02
(16.5 m/s) 8 93.13 92.11 91.05 82.09 76.23
10 92.34 91.38 90.07 81.09 75.06
12 91.10 90.21 89.31 80.01 74.14
4 96.15 95.07 94.06 85.19 80.11
850 rpm 6 95.18 94.10 93.13 84.25 78.24
(18.7 m/s) 8 94.16 93.44 92.19 83.30 77.23
10 93.82 92.48 91.26 82.09 76.06
12 92.09 91.13 90.59 81.20 75.22
4 97.26 96.28 95.28 86.11 82.21
909 rpm 6 96.09 95.24 94.03 85.02 79.91
(20 m/s) 8 95.09 94.18 93.11 84.01 78.40
10 94.14 93.09 92.05 83.10 77.11
12 93.13 92.45 91.33 82.07 76.10




APPENDIX J

Measuredralues ofscattered grain loger SOSATC88 millet variety at five levels of
cylinderspeed, feed rate aldop moisture content

Cylinder Feed Rate Scattered Graihoss (%)
Speed (kg/min)
(m/s) 10.6 % 11.9% 13.2 % 14.3 % 15.8 %

Moisture | Moisture | Moisture | Moisture | Moisture
6 11.11 10.93 10.52 7.87 6.79
550 rpm 8 11.05 10.87 10.46 7.66 6.73
(12.1 m/s) 10 11.02 10.77 10.41 7.51 6.27
12 10.88 10.67 10.32 7.19 6.09
14 10.87 10.36 10.02 7.05 5.77
6 11.21 11.06 10.66 7.97 6.86
650 rpm 8 11.27 10.98 10.57 7.78 6.81
(14.3 m/s) 10 11.19 10.89 10.60 7.65 6.49
12 10.97 10.75 10.43 7.35 6.28
14 10.93 10.55 10.33 7.22 6.04
6 11.54 11.22 10.81 8.12 7.06
750 rpm 8 11.51 11.22 10.71 8.01 7.09
(16.5 m/s) 10 11.41 11.08 10.69 7.88 6.85
12 11.38 11.01 10.67 7.70 6.82
14 11.24 10.76 10.47 7.63 6.42
6 11.81 11.53 11.08 8.4 7.52
850 rpm 8 11.73 11.45 10.99 8.36 7.49
(18.7 m/s) 10 11.68 11.34 11.13 8.25 7.23
12 11.37 11.16 10.94 8.11 7.06
14 11.42 11.05 10.82 7.94 6.77
6 12.18 11.94 11.57 8.97 8.04
909 rpm 8 12.03 11.89 11.45 8.76 7.91
(20 m/s) 10 11.88 11.52 11.19 8.36 7.61
12 11.64 11.43 11.11 8.37 7.53
14 11.63 11.39 10.96 8.24 7.28
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APPENDIX K

Measuredsalues ofscattered grain lodsr Samsoy2 soybean varietst five levels of
cylinderspeed, feed rate aldop moisture content

Cylinder Feed Rate Scattered Grain Loss (%)
Speed (kg/min)
(m/s) 10.8 % 12.2 % 13.5% 14.6 % 15.4 %

Moisture | Moisture | Moisture | Moisture | Moisture
4 5.31 5.08 4.81 2.49 2.1
550 rpm 6 4.83 4.66 4.46 2.36 1.87
(12.1 m/s) 8 4.56 4.33 4.21 2.28 1.72
10 4.43 4.28 4.13 2.06 1.62
12 4.25 4.15 4.05 1.92 1.54
4 5.57 5.35 5.01 2.65 2.31
650 rpm 6 5.08 4.86 4.63 2.42 2.03
(14.3 m/s) 8 4.89 4.58 4.32 2.32 1.79
10 455 4.42 4.08 2.16 1.72
12 4.44 4.24 3.91 2.02 1.58
4 5.94 5.64 5.23 2.92 2.54
750 rpm 6 5.54 5.16 4.94 2.62 2.28
(16.5 m/s) 8 5.29 4.84 4.46 2.51 2.09
10 4.83 451 4.18 2.31 1.94
12 4.63 4.26 3.72 2.13 1.78
4 6.54 6.11 5.72 3.44 2.83
850 rpm 6 5.95 5.63 5.41 3.09 2.57
(18.7 m/s) 8 5.56 5.15 4.93 2.84 2.28
10 4.99 4.67 4.49 2.44 2.11
12 4,71 4.44 4.23 2.23 1.9
4 7.25 6.85 6.19 4.03 3.44
909 rpm 6 6.65 6.29 5.67 3.78 3.07
(20 m/s) 8 6.14 5.48 5.09 3.34 2.87
10 5.42 4.85 4.58 2.91 2.49
12 4.89 4.48 4.25 2.33 2.05
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APPENDIX L

Measuredralues ofgrain damagéor SOSAT C88nillet variety at five levels ofylinder
speed, feed rate aldop moisture content

Cylinder Feed Rate Grain Damage (%)
Speed (kg/min)
(m/s) 10.6 % 11.9% 13.2% | 143% | 15.8%

Moisture | Moisture | Moisture | Moisture | Moisture
6 0.04 0.020 0.010 0.41 0.47
550 rpm 8 0.03 0.020 0.010 0.40 0.45
(12.1 m/s) 10 0.02 0.010 0.010 0.38 0.43
12 0.02 0.010 0.010 0.36 0.42
14 0.01 0.001 0.001 0.35 0.40
6 0.06 0.040 0.010 0.44 0.49
650 rpm 8 0.04 0.020 0.010 0.41 0.47
(14.3 m/s) 10 0.02 0.010 0.010 0.39 0.46
12 0.02 0.010 0.010 0.39 0.43
14 0.01 0.001 0.001 0.37 0.41
6 0.06 0.040 0.010 0.46 0.51
750 rpm 8 0.05 0.030 0.010 0.42 0.49
(16.5 m/s) 10 0.04 0.020 0.010 0.40 0.47
12 0.03 0.010 0.010 0.40 0.46
14 0.02 0.001 0.001 0.38 0.43
6 0.11 0.080 0.020 0.51 0.58
850 rpm 8 0.09 0.060 0.020 0.47 0.54
(18.7 m/s) 10 0.07 0.050 0.010 0.43 0.51
12 0.05 0.020 0.010 0.41 0.48
14 0.04 0.010 0.001 0.39 0.45
6 0.14 0.120 0.040 0.56 0.62
909 rpm 8 0.12 0.100 0.040 0.51 0.58
(20 m/s) 10 0.08 0.050 0.010 0.46 0.55
12 0.07 0.030 0.010 0.42 0.51
14 0.06 0.030 0.001 0.41 0.48
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APPENDIX M

Measuredralues ofgrain damagéor Samsoy2 soybean varietgt five levels otylinder
speed, feed rate adop moisture content

Cylinder Feed Rate Grain Damage (%)
Speed (kg/min)
(m/s)
10.8 % 12.2 % 13.5% 14.6 % 15.4 %

Moisture | Moisture | Moisture | Moisture | Moisture
4 0.04 0.030 0.020 0.4 0.6
550 rpm 6 0.03 0.020 0.010 0.3 0.5
(12.1 m/s) 8 0.02 0.010 0.010 0.2 0.4
10 0.01 0.010 0.010 0.1 0.3
12 0.01 0.001 0.001 0.1 0.2
4 0.05 0.040 0.030 0.4 0.7
650 rpm 6 0.04 0.030 0.020 0.3 0.6
(14.3 m/s) 8 0.03 0.020 0.010 0.2 0.5
10 0.02 0.010 0.001 0.2 0.4
12 0.01 0.001 0.001 0.1 0.3
4 0.06 0.050 0.030 0.5 0.8
750 rpm 6 0.05 0.040 0.020 0.4 0.7
(16.5 m/s) 8 0.04 0.030 0.010 0.3 0.6
10 0.03 0.020 0.001 0.2 0.5
12 0.02 0.010 0.001 0.1 0.4
4 1.00 0.800 0.500 1.5 2.0
850 rpm 6 0.80 0.600 0.400 1.2 1.7
(18.7 m/s) 8 0.60 0.400 0.300 1.0 1.5
10 0.40 0.300 0.200 0.8 1.3
12 0.30 0.200 0.100 0.6 1.1
4 1.60 1.200 0.800 2.2 6.0
909 rpm 6 1.40 1.000 0.700 2.0 55
(20 m/s) 8 0.80 0.600 0.500 1.8 5.0
10 0.60 0.400 0.300 1.6 45
12 0.40 0.300 0.200 1.4 4.0
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APPENDIX N

Measured and predicted threshing efficiencies of the machine

MeasuredEr | Predicteder | Deviation | MeasuredEr | Predicteder | Deviation
99.88 100.00 0.12 99.29 99.40 0.11
99.87 100.00 0.13 99.26 98.36 0.9
99.84 100.00 0.16 99.22 98.41 0.81
99.83 99.24 0.59 99.22 98.38 0.84
99.82 99.20 0.62 99.16 98.39 0.77
99.82 98.13 1.69 97.78 97.41 0.37
99.81 100.00 0.19 97.71 97.47 0.24
99.81 98.23 1.58 97.65 97.52 0.13
99.78 99.25 0.53 97.65 97.51 0.14
99.78 99.29 0.49 97.61 97.56 0.05
99.76 100.00 0.24 97.46 97.60 0.14
99.71 99.33 0.38 97.41 97.61 0.20
99.66 100.00 0.34 97.21 97.65 0.44
99.65 100.00 0.35 97.11 97.61 0.50
99.62 98.24 1.38 96.71 97.65 0.94
99.62 98.18 1.44 96.62 97.67 1.05
99.61 99.34 0.27 96.25 96.60 0.35
99.61 98.27 1.34 96.06 96.70 0.64
99.54 98.32 1.22 96.02 96.65 0.63
99.49 98.31 1.18 95.91 97.65 1.74
99.44 100.00 0.56 95.86 96.74 0.88
99.44 99.37 0.07 95.82 96.71 0.89
99.41 98.36 1.05 95.66 96.78 1.12
99.41 100.00 0.59 95.63 96.79 1.16
99.39 100.00 0.61 95.38 96.83 1.45
99.37 99.37 0.00 95.35 96.83 1.48
99.35 99.40 0.05 95.01 96.86 1.85
99.34 100.00 0.66 94.57 96.86 2.29
99.31 99.42 0.11 94.02 96.88 2.86
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