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ABSTRACT

To elimnate pod-picking, it has becone necessary to

repl ace the conventional cowpea (MVigna unguiculata (L.)

Unl p) pod t hresher wi th whol e shoot t hresher.

This research work deals with selected physical and
nmechani cal properties of cowpea stalk, pod and grain, as
related to the nechanical threshing of the entire cowpea
shoot. In the study it was found that the cowpea varieties
differed significantly in their grain size which ranged
fromG35 to 9.18mmin length; and the suitability of the
varieties to whol e shoot threshing decreased with the grain
size. The mechanical properties of the cowea stalk were
found to increase with decrease in noisture content and
increase in the rate of loading. The nean stalk elastic
nodul us and crushi ng/ bending strength at 25mmmn rate
of loading were 30.4 MPa and 5. 10MPa respectively, in
radi al conpression; and 4l 70MPa and 38. 6MPa respecti vely,

i n sinple bending at about 8% noisture content, wet basis
(MC,wb), the noisture level at which the stal k becane
nore brittle. The mnimumforce of 7.25 to 29N required
to crack the dry pod was very |ow when conpared to grain
and stalk. Wile the elastic nodul us,of grain in uniaxial
conpressi on (nmean 454MPa at 7.5%MC, wb) was i ndependent

of variety and grain size.

The | AR cowpea pod thresher was tested for whol e shoot
threshing and was redesigned. It was confirned that the

stal k noi sture content of about 8% wb was very suitable for

Vi
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Whol e shoot threshing, although threshing at

slightly higher noistures woul d be possible. The
crushing and breaking energy requirenents of single
stal k of cowpea at 8% MC, wb, were 0-00393 and
0.109 J respectively, while the threshing energy
requi rement of the whol e shoot thresher was estinated

as 139 J at 45Qnmn cylinder speed.

Finally, an air flowrate of 16nf/mn was found
to be adequate for pneumatic cleaning of threshed

whol e shoot cowpea,
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Chapter 1
INTEODUVCTTON

1.1 Impprtnncé of the Problem

Cowpea (Vigna unguiculata (L,} walp} is grown in large

guantities in the tropical and subtropical regions of the
world as a cheap and rich source of protein swhich is a
limiting facter in the dicet of many people in the developing
world. Cowpea is very nutritive wilh about 24% protein

and 60% carbohydrate content, It is used in many forms in
diety and is one of the most comnon stable food in Nigeria.
Cowpea is mostly grown in West Afrvica and other parts of

the world for its protein-rich cdible seeds.

At present, a joint research is being carvied out by
the Univorsity of Nigeria, Nsukka nnd the University of
Georgla, U.S5.,A., on the usie of cowpest in novel foods,
Considerahle success has been veperted in the use of cowpea
in beef patties and several bakery products, and in novel
foods hy extrusion cooking (McWatters, 1985; Phitlips et al,
1985),

While the cowpen grains are for human consumption, the
haulms are used for feeding animals and for green manuring.
The ash from burnt haulms is used as potash for cooking,

and the young succulenl leaves are caten as vegetableo
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Some varieties of cowpea like FARY 13 and Dinner are
harvested when the pods are pgreen and arce urcd as green
vegetable. Moreover, as a leguminous plant, cowpea is
capabic of enriching the soil with nitrogen through the
symbiotic association with the nitrugen-fixing bacteria
in its root nodules,

Cowpea has an excellent nutritive value as may be seen
from Tables 1.1 to 1.3, The average protein content of
the seeds is hetwecen 22 and 26%. It is a good source of
phosphorus and thiamine and when green it is rich in
ascorbjic acid (Oyenuga, 1955; Bhatt, 1970; Steele, 1972;

and Bressani, 19835).

Cowpea leaves contain 33 - 34% protein by dry weight,
It has a good supply of iron,calcium, phosphorus, zinc and
ascorhic acid (Imungi et al, 19?73). GSome variceties of
cowpea are however deficient in two exuential amino acids:
methionine and tryptophane (F. A. 0., 1958; Bhatt, 1970;
and Steele, 1972), According to Bhatt (1970), 100 to 125g
of cowpea seeds will adequately supply the roecommended daily
intake of eswxential smino acid for nitrogen balonce in
humans whent cowpea is supplemented for methionine and
tryptophane,

For these rcasons, the production of cowpea in Nigeria
is undergoing a sporadic increase in recent times.  The
production is however being hampered by the traditional

method of harvesting and existing storage facilities,



Table 1 .1:

3

Cheumical composition of cowpcas and the major

food crops of the 3avanna zones of Nigerisa.

b . - a——

Cowpea Jorgium Fresh TFresh

Jeedg . Flour Yars _Casgove Groundnuts
Calories/100g. 340 355 104 153 579
f‘:’ Proteizl 2200 10.0 2.0 O.T 27.0
% Fat 15 2.5 0.2 0.2 45.0
% Carbohydrate 60 T3 24 37 17
Protein
£/1000%cals, £5.0 28,0 19,0 4.5 47.0
Vitamin 'A'
(I.U./100g) 20 Trace 20 T cace Troce
Thiamine
Riboflavine
Nicotinic acid ;
Ascortic acid
(ng/100¢) Truce 0 10 . 3Q Trace

Source: JSteele, 1572.

Table 1.2:

Relative composition ($2) cowpeas and different
tvpes of meat

.Lowpen _ Beef  Pork  Chicken
Ash 3.78 5.4 2.8 4.2
Protein 22,75 193 14.6 1941
Fat 143 14.4 24.6 97
Water 8.70 6041 581 66.5
Jource: Ojomo, 1967.



Table {1+3: The nutrative value of cowpea Protoin

A B.
fﬁiﬁgtiiid Reference Patterns % ﬁgoignzgztzigig?:n
Cowpeas

Cultivated Yild “hole Sgg FAO Cultivated Wild
Isoleucine 1.1 14 1.3 1.5 58 65
Leucine 2.0 2.4 18 P 82 86
lysine 1.8 2,2 144 1.5 % 102
Phenylalanine 1.6 } o6 1e1 1.0 %0 87
Tryosine 0.9 1.0 0.7 1.0 65 64
Cystine 0.2 0.1 0s5 0.7 U 21
Methionine 0.3 0.5 0.7 0.8 a3 47
Threonine 1.0 1.0 1.0 1.0 T 62
Ty ptophan 0.4 - 0.2 0.5 82 -
Valine 1.7 1.4 1.4 1.5 ST 73

A. The ratio of cssential amino-zecids to threonine (the 'Reference
Pattern') in cultivated and wild cowpeas compared with the
F40 provisional pattern for optimum growth and the pattern in
whole egg protein.

B. EBesential amino-acids in cultivated and wild cowpeas as
percentages of the concentrations in whole egg protein.

In 4 and B, the values for cultivated cowpea 2re means from
7 Nigerian cultivars,

Source: Jteele, 1972.
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Harvesting is still carried cut by hoand picking.of peds. Goble
et a1l (1968) cbscrved thet liarvesting and threshing represented
about 507 of the totzl cust of production of cowpea in the
southern parts of the United States. The Institute for Agriml-
turzl lescarch, dan:ru, Zorino (I.4t) found +that harvesting
utilized about 56% ol the total production labour requircment

of cowpea among the loe~l furmers in Jigeria (Hays et ol, 1977).

Harvesting of cowpea by hand picking ¢f peds (plate I) is
a very strenuous tesk requiring about 440 wan-hours/ha among the
local farmers in northern Nigorioe (lays et al, 1977). The task
rgquires bending whieh raesulls in sharp paing at the low back.
kwuba and Koul (1986) hove shown that ~gricultural tasks
requiring trunk floxion woste 2 ot ¢f human energy in combating
egravity. Thoey reeoumcnded that alternative appreaches should
o dusignod to ¢liminate bending. Hoand picking of cowpenr pode
is ccstly and time~consuming; and has becomc o very grect botile-
neck in cowpesz preoduction. Cutting of mature shoot is o less
1lnborous zlternative tu pod picking. When the shoots wrc dry,
they could be fod into 2 throesher te caxtract the grains and the
chiff could be used fur livestock fceding. This suggests that
the present pod thrusher could be reploced with a whele shoot
thrusher.

In recent times the wttention of agricultural onginecers
les been Qircctud toe the inport-nee of ungineering proporties
«f ugriculturzl materials in rrichine wnd structural design and,

in prccessing and control ongiincering.
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The knowledge of the shape and eize cf agricultural products

is important in the detcrmination of atross distribution in
materials under load, wachine clearsnce for threshing, cleaning,
sizing and grading of grains. The shape and size i8 alsc cssen-
tial in light reflectance and colour evaluation, separation by
pneumatic and electrogtatic devices, and in heat transfer.

Adccurate neasurcment of the Tfrontal arca is cssential for the

detormination of terminal velocity, drag cocfflcient and Reynolds -

number in fluidizcd systoms.

The density ond specific grovity of agricultural materials
are needed.for calculating their thermal diffusivity in heat
transfer, for detormining loeynolls numbor in pnoumatic and
hydraulic handling of materials, for separating products fron
impurities and in predicting physical structure and chemical
composition. In addition, surface appearance and colour of
materials help in timing the harvesting period and in selective

harvesting (Mohsenin, 1970),

Many investigatcers hove carried gut studies on the mecha-
niecal propertics of the agricultural materials in order to deves
Jop necegsary data for engineering design, while others have
studied the effoct ¢f mechanicel demage vn crop use. According

to Angzodo (1982), the determination of the mechanical propertics

¢f agricultural products under static or dynamic lcading is aimed

at: {a) Objective toxtursl measurcient of the unprocessed and
processed food meterinl.

{b) The reduction of mechanical damage to agrioultural



Produce during harvesting, handling, processing and
storage.
(¢) The determination of design paramoters for harvest

and post-harvest systens.

b

In the present study only scme physical and mechanical
properties of cowpea thot are related to the mechanical
throshing of the entire crop shoot were investigated. The
results were applied in the redesign of a cowpea pod thresher

to make it suitzble for the entire crop shoot.

1.2 Hature of the Problen

The determination of mechanical properties of biomaterials
is not & simple task gincc they are apparently affected by
temporaturc, moisture cuntont and the rate of loading (Zoerd

and Hall, 1960; Mohsenin, 1970; Baxenz, 1972:; Anazodo, 1980).

Biological materials do not bchave in a purely elastie,
plastic oxr viscous menner becoause of thisir structural naturc.
Rather they posscss & combined sclid-like and liguid-like
behaviocur. Their stress -~ strain rolationship is net only
dependent on the magnitude of the stross but also is o function
0f time. Materials with this type of buhaviour arce said tec be
viscoelastie., 8tudies have shown that agricultural producta

arc viscoglastic (Zoerb and Hzll, 1960; Mohsenin et al, 1963;

Timbers, 1964; Horrow ¢t al, 1966; SBaxen., 1872; 4nazodv, 1980)..

Fron the data available, it appears that the viscoclnstic

behaviour of bicmaterial ig non-linear (Zeorb et al, 1960;



Mohsenin, 1970). Since non-linear viscoelastic theory has not
been weoll-defined in literature, linear viscoelastic technique
was applied in this study to define the behaviour of cowpea

stalk and kernel wder the influence of external load.

The threshing probloms peosed by the messgive cowpea stalks
arce enormous. The failurc of the agricultural product in a
thresher cylindor coneave has been known to be mainly coused
by compressive and bonding stresscs (Anazodo, 1980). The
magnitude of these stresses are best indicators of the optimum
threshing energy. DBut the cxtent of variety influcncoe on these
stresses should be known. The cxtraction of the undamaged
grains from the masgive stalks callig for size measurements of
the grain in order to dotermine the nccossary maching clearancaes
and the sieve sizes. But the grain sizes ere likely to vary
in differont varieties. It then will be nocessary to cptimize
thosé machine clearances to accommedate the various variety

differcncc,

Time for harvesting the cowpeas presonts another problem.,
Grain moisture content has been founl t0 be the major single
crop factor that determines the harvest timing (Hunt, 1964;
Waelli end Buehole, 1967; Prasad and Gupta, 1975; and Hendy
¢t 21, 1977). But many voaricties of cowpea exhibit progressive
flowering. TFruiting does not cccur at the same time but -
spreads over 2 pericd of time. This is, however, beyond the
scope ¢f this rescarch. Levortheless, the required characters.

istiecs of varieties adaptable to mechanizetion were put .
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forward, and the most suitahle variety among those studied
was {ound.

Moisture content obviously will be an important factor
in threshing of the whole shoot. The studies attempted to
find out the influence of moisture content on various
properties, and the behavicur of the materials at different

moisture content.

1.3 Objectives of the Study

The objectives of this resenrceh nve specifically stated

ag lollows:

1. To obtain data on some physical properties of cowpea.

2. Te determine some mechanical properties of cowpea staolk,
pod and kernelo

3. To study the influence of variety, moisture content and
rate of Joading on the physical and mechaniea!l properties
of cowpen.

q, To retate some physical ane mechianical
proverties to a design proposal of a cowpea whole

shoot thresher,

1«1 The Scope and Limitations of the Siudy

In this project, the physical propertices of cowpea
studied will he limited to the size and shape of cowpen
grain, the thinckness of the pod hotl, moisture content
and the dimensions of the stalk which will be applied

in the determipation of mechanical propertics.



11

The scope of mechanical properties are limited to
the determination of stalk propertics in radial compression
and simple bending, measurement of the minimum cracking
force of the pod, and the properties of grain under
uniaxial loading,

Finally a pod thresher will be redesigned applying
the measured properties,

A study of this type is prone to a lot of limitations,
The biological nature of the experimental materials in
this study limited the accuracy of the data obtained,

Fach specimen used for the test was a biological system
which might grossly differ from identical products wvhen
mass-produced in a factory. Bio=-materials are alive, and
arce undergoing vital activities. They are constantly
chinging in shape, size and content, The cell is therefore,
sensitive to such external factors as humidity, temperature,
oxygen, food supply, and cnergy consumption, which jointly
influcence its internal phys<iology. Also elasticity in
biomaterials varies with the stage of maturity and
physiological conditions,

High variahility has therefore been found among
replications of experiments with bhiomaterials (Mohsenin, 1970;
Saxena, 1972; Anazodo, 1980). This is not so when compared
to the engincering material produced under strict quality
control prucesses.

Quasi=sintic analysis used in this study, is caployed in
majority of studies on mechanical properties of agricultural

materials probably becanse of the case of instrumentation and
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simplicity of analysis. However for the application of the
material propertics detcecrmined in laboratory to the ficld
concditions, the quasi-~static analysis should be supplencnted

with dynanic investigotiocns.



Chapter 2

2.1

Produets - Shapc and 3izc

Begide the scparation of grains from chaff, the shape and
gize ¢f grains arc very useful paramcters in the design of
sizing and grading machinus, sterage devices, and in dealing with
any probleom of stress distribution in the grains under load
(Mohsenin, 1970; Fashina, 1986). Igc (1977 znd 1978) uscd the
grain size of cowpea s parcmetor for Jdetermining the clearance
distance botween the teeth o©on the Jrum and those on the concave
cf his cowpca pod thresher. He calculated the mininum clearance
distance as 11.8mm. To meke allowance for the chaff which might
enter the space with the grain, he used 12.5mm clearance

distance for the design.

Shapc and gize arce nucessary for satisfactory 4description
0f a physical object., Onc mothod of dutermining the shape of
an objcct is t¢ comparce the tracings of dlifferent cross scetions
of the cbjeet with shopes listed in o charted standard (Mohsenin,
1970). The shape chtained is defined cithor as the number on
the chart or by the usc of descriptive torms, such as rcund,
¢blate, cblong, eonic, ovat., bligque, obovate, clliptiecal,

truncatced, uncqual, ribbel, ropular or irrvesular.

ancther ucthoed fer defining the shape of an objcet is by
the usc of methematical formulac,

11

-
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Currcy (1951) used the following fermulav t¢ cstinate the round=

noss, roundnass ratio and spvhericity of soms objccets:

Reundness = "‘p/"‘c = T2/NK === 2.1
Roundness ratio = T, /R1 — .
Sphoricity = a2, = “ifd, — 2,3

whe re ;p = largest projecteld nrea of the objuet in natural
rest position

by = arca of smllest circumscribing cirecle

Zr = sum of all radii ¢f eurvaturc
R = radius of the mxicum inscribed eircle
N = total number cf cocmoers sunnel in nuwreter

Ty = the redius ¢f curvaturc cof the sharpest ccrmer
R1 = mean rodius of the cbjcect
dg = diamcter of sphere of the same voelunc as the object
d = diamcter of the smmllgst circumscribing sphire or
the longeat “iamcteor of the objeet,
-li = dlameter of larsest inscribi ! cirele
Roundncss is a ncasurc of saurpness of the ecrners cf & scli?
objecet. Whilc the conecpt of spherieity rests on tho isometric
property of a spaocrce The viluc of sphericity rrngses botween
O and 1. 4&n orungc has ~ sphericity of :bout 0,95 (UWaziri and

Mittzl, 1983),

The shnpe ¢f ~n agriculturzl prduct cin also bue deteruined
by compoaring it tc oxisting gecmctrienl shy, es. Thoe shape of
the preduct is thon approximated te the clogust oxisting

geowtrienl shapee This is a vory convenient methed particularly
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where mathematical formulae will be applied in the determination
of some properties. Misra and Young (1981} used this method to
determine the shape of soyabean grain vhich they approximeted

to an ecllipse. Consequently they used the mathematical formulae
relating to ellipsce to detérmine the modulus of clasticity of
soyabean in uniaxial compression. The shape of cowpea grain was
determined in this project by comparing it to an existing

geometrical shapo. i

Diverse measuring instruments arce usced to detorming the
size of various agricultural products. Iarge products con be
measured with ordinary ruler. Venier calipers and micrometor
screw gauga arce used to measurc the size of lurge fruits and
grains. Ige (1977) z2nd Pashina (1986) used micrometcr screw
gauge to mcasure the gize of cowpca grain and Zgusi (Coloczntggg
éitrullus IL.) sced, respectively. Waziri and Mittal (1983) uscd
the same ingbrument to meosure the size of groundnut kornels snd
pods. The micrometer screw gougse was used in this study to
determinge thoe siac of cowpea graina and the thickness of the
pod hulls {(pericarp), while the venier calipers was used for

measuring the dimensions ol the cowpea stallk,

|
For tiny grains like millet and sorghum, and scoeds of

cortain flowers and vegetables, the over-head projector or
photographic enlarger can be used to detormine the axial
measurements taking into considoration tho magnification
factor of the imstrument usud. Waziri and KNittal (1983) used

this mecthod tc detormine the size of sorghum and millet,

|
I
!
i
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The determination of the average diameter of an agricultural
product requircs ideally @ great number of measurements in various
directions. In practice, however, threce nmetsurencnts: najor,
intcrmcdiate and minor diamcters, arc sufficient (Mohsenin,

1970; Igc, 1977; “aziri and Mittal, 1983; and Fashina, 1986).
These weesurcrncnts arc called length, width and thickness in

cowpca grain.

Hatcrial

24241  Genoral

Studics by Zocrb and liall (1960), Fohscnin ot al (1963),
Tinbers (1964), and Morrow ¢t 21 (1966G) show that agricultural
materials are viscoulastice They =re not purcly clastic boceause
of their structural compluxity, rathcr they exhibit time -
dependont propertics whieh cowmbing both liquid-like and solid-Iilc
characteristies. Using lond-dcforieation tests on corn kerncls,
Mohsenin (1970) showed that (ke mechanical behaviour of the
agricultural prolduct was non-lincarly viscoelastice The
hysteresis losscs associatced with the kernels were obscrved to

decrcase with rcpeated cycles of loading.

Zoerb anad Hall (1960) statud that most agricultural
materials show clastic properticsg at the initial part of a
load=deformation curve but later cxhibit a viscodlastic behaviour
on increased loading. Eonce after cxcceding thz elestic region,

the propertiuvs become time-AQupendent, and the cffeets of the
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deformation rate becomes more noticeable.

Mohsenin ot 21 (1963) observed that the rate of deformation
affeccted the maxinum foree of rupturc of appluse The greater

the deformation rate; the nmore the maxinun foree of rupture.

4 lot of studica have teen czrrid out on cereel grains
to detormine the kerncl Qnoipge, kirmol strongth or characterize
tho kerncl nechanical prepertics beecouse of the ultimate need

of prescrving the grain quality.

By npplying Hertz theory of contact stresses nssuning the
kernels to be sphurically shapeld, 3hpolyanskaya (1952) uvaluoted
the wodulus of clnasticity of wheat kemela. He dstorminel the
podulus of ¢lasticity by loading the individusl kerngl betwecn
two flut plates and oe2suring the resultent deformations.

After sovercl cycleus of repouted locling and unloading of the
kernel, the load=deforiation Lehaviour rppreached that of an

vlastic body.

The loud-duformution bihaviour of geft winter wheat was
gtulicd by docerbk et 2l (1960) using sinll core swuples of kerncl.
They ohserved ;, yon--lincsr (lastic=pl..8tie bulovicur with strain
hardening tendencivs. The ayaturesis losses associoted with
the first andl tho sceond loal! cyeles weres 40.3) ond 26.45 of

the expended loading wnargy, rospecetively.
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Hysteresis losses were observed to increase with the moisture
content of the grain. Similar behaviour was also observed with

corn kerncls.

Shelef and Mohsenin (1967) confirmed that the load defor-
mation behaviour of wheat kernel was elastic-plastic with strain
hardening. They obtaincd the modulus of elasticity of wheat by
loading wheat kernmels in various ways, namely: loading of whole
kermel betwecn two flat plat.s; loading with a spherical indenter
0.04 cm in diameter; loading with a cylindrical indenter, and

compressing core between two purallel plates.

In recent studies An:zodo (1980) verificd the Hertz theory
of contact stresses as applicd to cylindrical biological materials
when he c¢xperimentally measurcd the contact width of maize cobe
in radial compression by threc methods and comparcd the measurc—
ments with the theorctical caleulations. He found that there
was good agrecment between the theoretical and oxperimental values
of contact width obtained. Iic found that thc cob clastic modulus
and crushing strengtl in rodial campression had linear rclatione
ship with cob moisturc contoent, whilc cob modulus of toughness
had a nonlincar rclationship with 1oisture content., The values
of all the three weenanienl . coperticzs determined in the tests
were found to inerec:s: similicantly with decerease in moisture
content. He recorded the 1 n volues of 33.7 MPa for clastic
modulus, 6.1MFa for crushin_ sirength and 0.117 for crushing

strain 2t 10.3% woisturc conicnt, wet basis (Mc, wb).
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In simple bending tust of merize cobs, Anazodo (1980) again
found that the moisturc contunt had highly significant influence
on the cob clastic modulus und hending strength, while the rate
of loading did not significantly affect the mechanical propertics.
Maize variety and harvest datc also had significant influcnce
on the mechanical propertics. lic stated the mean values of cob
mechaniczl propertics in simple bending os 100MPa for elastic
modulus and 4.% MPa for thce bending strongth at tlic cob moisture

content of 7.7%, wb.

In their studies on maize physical and mechanical properties
as rclated to shelling performance of combinc cylinder, Anazodo
et a1l (1981) obscrved that the knowledge of the physical and
moechanical properties of maize cobs can bc used to sclect the
varicty of mmizc for optimun performance of the conventional
combinc cylinder. They found that the waize varicty with the
lowest value of cob mechaniesl proportics suffered the highest

cob break-up during shelling.

Balastreirc ¢t al (1982) studicd fracturc paramctors of
maize endospern in bending =2nd concluded that the progressive
fracture in handling maize is proportional to maize kernel modulus
of e¢lasticity which is greatly influcnced by the temperaturc and

moisture content of naigzc.
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The carly rescarch on beans was to determine the amnount
of damage ceuscd by mechanical handling end find nethods of
rcducing the damage. This study was stimulated in carly 1930's
whein Harter (1930) obscrved thet tie injuries causad by throshing

resulted in poor germination in beans,

Riesearchers like Borthwick (1932), Brown (1955), Ierry 2nd
4211 (1966) and Judah (1970), studicd the .larmges on bezns due
to mechanicel handling. Judah (1970) evaluated the mechanical
denage on beans from over 50 coubine horvesters and reported that
about 2.847 of the bteans collzetod {renm the combines were

nechanically lamnged,

sarly stuly on ruptvre Joree of becans was carricd out by
Brown (1955) who tosted pea buans botween pressure heads of vary-
ing shape. Ho reported thit the forees requircd to crack the

pca beans varicd considerably.

lator Zocrb and Hall (1960) studic? the basic rheologienl
and mechanical properties of beuns, naize en! whuet grains and
found that in all the grains the resisting foreo, the ¢lastic

modulus and stress deercacce with inercasc in moisturce content.

Bilanski (1966) applicd comprosasive loads on soyabean
kerncls at the ratc of 1.27aw/uin to nezsure the force and work

that would initiate scoul eoat runture.
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When loaded in horizontal hilum position, he found that the
average force required to initiate rupture of the seed coat
dropped from 57.8N at 17, Me, wb to 44.4K at 167, The average

work was 3.8mJ at 14, and increased to 31.5mJ at 165, Me, whb,

Hoag (1972) studied the properties related to soyabean
shatter by measuring the encrgy absorption with a ballistic pen-
dulum and found that the energy necessary to cause the soyabean
shattcr was proportional to the moisture content of soyabean,

He reported that the mean encrgy required for soyabean pod

shatter at 10~157 Me, wb was 0.0377J.

By uniaxial compression of remoistencd soyabean kerncls on
Instron universel testing machinc, Saxena (1972) studiecd the
mechanical properties of soyabean kernel ond the effcct of the
moisture content, tcemperature end the rate of loading on these
propertice. In hie findinge he cstzblished that soyabean kernel
is n viscoclastic matcrial gensitive to the changes in deforma--
tion rate, tomperaturc and moisturc content. He reported that
the hystoercsis loss in kernel at 11) woisturc contont, dry basis
(Me, db) 2nd 21°C was 79,. The barrsl effect inereased with the
moisturc content being 2.01 at 30,27 Me, db and 1.11 at 11/ le,
db. The degree of elasticity of the kernel was 45, and the rup-
ture forcc at 1cm/min crosshead speed, 11, Me, db and 21°C wos
16.81kg. He also observed that the soyabean kernel had no well-
defincd bioyicld point as shown by thie force-deformation curves

he¢ obtained from 720 tostse.
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Hoki and Tomita (1976) observed that the ultimatc stroength
inecrcascd as moisture contunt increascd from 8-20% wb for rce-
tangular parallclepiped soyabean specimens in compression at
10mn/min and 40mn/min. 38lightly hisher valucs of ultimate strength
werc obtainced at 40ma/min deformation roate, while maximum valucs

for toughness werc observed at 10, Me, wb.

Paulscn (1976) measurcd the fracturc resistance of soyabean
in terus of average comprossive forev, deformation and touzhness
at geud coat rurturce Hue scported that the aversge force required
to initiate scoed coat rupture dcercased from 144N to 38.2N as
soyabean wmoisturc contunt incrcascd from 8 to 17% wbe lore force
wag requircd for rupture when soyabean was loaded in horizontal
hilun position than vertieal position. He also obscrved maximum
toughness at 11 to 14, wb, moisturc range. ‘hilc srmrllcr soye-

beans had greater resistance to rupturc than larger soyaboans,

By experimental Jdetersination ol the modulus of clasticity
of 1wroistonced soyabean kernels ot various noisture content,
lisra anad Young (1981) duveleopued 2 molel for prudicting tho
ci'feet of moisture conteni on the medulus of clasticity of soya-
beans They applicd Hortz e¢lustic thoory of contact stresses to
calculate the clastic medulus of soy..bean kerncls asswiing the
kernels to be ¢llijscidal in ghopes Ffrom their study they found
that the modulus of luwsticivy inera:scs and approachca o constant
maxioumm with @ doercese i9 wwisture content of the scyabean,
They gave the average elistice @wdulus of scyazbean kerncl at

2.05° Me, wb as 61C.1 MNPa whil. at 17.79 wnoisture the eclastic
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modulus was 59\Pa.

The available recorded work on the engincering
provertics of cowpea was done by Ige (1977) who investignted
the grain sizce and the effect of moisture content on the
rupture strength of rive vaviceties of cowpea., He obscrved
that the size distribution curves approximated to the normal
distribution curve, thus the results from size measurement
could be vsed to determine the clearance distances in the
threshing chamber. The varieties he studied include the Ife
brown vhose average grain size measurements were given as:
length 7.58mm, vidth 5,84mm and thickness 4,36mm, le noted
that the rupture stength of the grains was highly dependent
on grain moisture content, and the size of the varicety did
not affect the rupture strength. And the cotyloedons of
cowpea is liable to high percentage of internal injury during
mechanieal hondling.  The vupture strength or rupture force
of covpen kerne! wns not indieated in his report, perhaps
hecanse of the imprecision of his simple apparatus which
consisted of strain gauges mounted on a sensitive centilever

and wired into a wheatstone bhridge.

2.2.4 Crop Stalk

To improve crop harvesting systems, studies on mechanical
propertics of crop stalk, notably maize and sorghum, have been

undertaken by resciarchers,
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The mechanical propertiuvs ¢f maigze s8talk was investigatced
by Pickctt ¢t al (1969) using laboratory and ficld teasting pro-
gedures, Theoy found that the mechanical propertics of the stalk
were closely related to the stage of development and radius of
the atnlke The average compregsive and tensile modulii of the

stalk cortex woere stated as 2379 MPa and 7653MPa, respeetively.,

Prince, Bartok and Bradwny (1969) tosted the dry mature
natze gtalk in comprussion and found that the avoerage apparont
meduwlus of the stalk was 2758 MPa, while that of the secticons

¢f cortox tested in tonsion was 1724 MPa,

The effeet of perimster and internode position on the
mochanieal propertics of neize stalk was investigated by Prince,'.
Bradway and Rovaz (1969}, They tested the maisze stalk in bending
and found that the elastic modulus of the stzlk which averaged
to 4723% MPa wns sighificontly Jifferent at differont positions

on the stelik. .

Prosad and Gupta (1975) invostigated.the nechanieal propers
tics of meize stnlk as relotud to harvesting and observed that
the eutting cnergy ond maxinum cuiting foree were inversely
proportional to tho wmoigsturce content and dircetly proportionazal
to the cross-sectiocnal area of the stalk. While the ultimete
conprcasive stress in transverss dirceticn and the modulus of
toughness docrense with incrense in the rote of deformation.
They rcecorded the modulus of toughness of wnize 8talk as 0.084 X
106 N~m/m3 at 10cn/min and 0.040 & 106 N-—m/rﬂEs at 50cm/min rate

cf deforrntion.
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Oke (1983) tested the compressive nd tensile strength of
two varieties of sorghum with Monsante Tensometer W, universal
testing machine, and noticed a signifieant diffoerencce in the
valucs obtained for thc twe verictics. The values were also
directly proporticnul te the radius and inverscly proportional

to the moisture content of the stelk.

24245 How Moisture Content Influenceg Mechanical
froperiics of Biomaterials

It is seen from the above ruview that the moisture content
of the crop is about the most important single crop factor
influencing harvesting and post-harvest operations. 3everal
explanations have been given on how moisture influences the
mechanical propertics of biomaterials. Barkas (1953) explained
that the resistance of organic materials to deformation is
largely dependent on th. moisture held by molecular forces, the
capillary water having little cffoet. Active polar sites of the
bonding cnergy in molccular adsorption, arc provided by hydroxyl
anions in the¢ moleculur structurc. ‘/ater moleculcs satisfy the
active polar situs of the hydroxyl anions at moisture content
close to saturation. Additionuil meisturs is held by the formetion
of water moleculc chains whics ro formcd due to the dipolar
nature of the water moleenl.. o further cxplained that the
bonding forces botween tiic % cciyl onions become smaller when
water chains arc formed. .iun tonsion is applied the chain casily
ruptures rejoining when the tonsion is removede. The water molecule

in chains can jump fror onc anion group to znothcr when subjected
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to shear. Thisg is not o completely ciagtic process since some
energy is loat in the jump. The increase in plasgsticity of bio-
materials with increéease in woisvuwe content is perhaps mogt plave
8ibly explained by this slippayge of anion tonds between neighbourse
ing chains, rather than the slippage of antire cells over onc
another as might be suggestcd from a study o dislocation pProcosscs.
A8 should bs expocted, increasce in temporatures cause incrozscd
thermal agitation of water wolecules rosulting in more slippage of
anion bonds. This accounts for ivhe therwo-plagtic bohaviour of

biological materiuls.

24246 Jugtifigstion for IJtudy of snsinuoring
Propextive of Cowpea

From the above review, it is obviouws that very 1little has
ﬁecn done oh the cngincering propertics of cowpea. Most work
on physical preportics were acre pod and srain length measuremunté,
and testa and hilum colour uwseridbion by the agronomists and

crop brecderg.

Obviously mere work is w.ogulred to duscribe tho rheolopgical
propertive of the agriculbursl products. In particular vory
little is known of thoe ongincoring properties of cowpea. 1t has
not bech catablished wivther cowien is an vlastic or o viceo-
olagtic materiale And,up H0 Jote inforrntion im ti¢ literaturc
sinows that no roeordoed attenps nad beon madue in oo study of the

mechanical propertices of cowvnea stalk mnd pod, a knowlodge -

neeegsnry in improving the cowpea haurvest and poat-—harvest systems.
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2¢3 tudics Thres f Grai

Campbell (1976) definced threshing as the romoval of
grains frem the ercp by striking, treadings cr rubbing, He
statced that threshing is accomplished traditionally by trealing
the grains under the hunan feet or hooves of animals; by striking
the creop with sticks -ind flails or by rubbing between stone or
wooden rollers. He cbsorved that the nuchanieal threshers arc
designed on the same striking, squeczing and rubbing principlc.
The spike and looup threshers thresh reinly by striking acticn
whilc the rasp-bar threshes nainly by frietion or rubbking.

Scveral investigators have studied the perfornance of
various threshers, tc¢ detcrmine the optinum cylinder diamcter
and speod, beatcr bar size and spacing, coneave length and
clearaence, feed rate and dircetion of feed, blower shaft speed
and air veloecity, and power requircment for threshing varicus
grains. <These peramcters have beon found to affcet thresher
performance and cfficiency (4rnold, 1964; Vas ot 21, 1969;
Sharma et al, 1980; and Joshi, 1931).

In their study on the power requircments of the rasp-bar
threshing drum, Arnceld anl lake (1964) founl that: cylinders
of lorge diameters required lusspower fcr the same rates of
foecding than suall dicmcter cylinder; an open-grate concave
required wcbout 25 less power than o closed cvncave at cylinder
spcels of 4500 to 6500 ffrh; and the power reoquircment was
increascd by 10¢ when an open--srote coneave length was inercascd
from 332.5ma to 500m:. They alse vbscrveld that the threshing

power increised with cylinler spoode
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Vas and Harrison (1969) investigated thue effuct of sclected
machine parameters on kerncl donnge and threshability of whoot.
They found that inerecasc in foed ratu decreased mechanical
danage without o simificant decrease in theshing efficioncye.
They explained that the decrease in moechaniecl damage was 28
a rcsult of cushioning cffcet resulting from the increascd
materials, while the maintained throshing officicncy was because
the inercage in feed rote inercased the crop strecam density
resulting in greatcr fricticnal ferces hetween the particles.
This maintaincd the threshins _fficicney in spite of the inercasc
in feed rate. They further observeld that cylinder specd and
concave clcarance wuerc the twe nachince paramcters that coauscd

significant variation in threshability.

Dodds (1968) comparcd the threshing action ol spike-tocth
and rasp-bar cylinders in se¢lf-propeclled combine, and concluded
that the spikce-tooth cylinler had a nore positive feeding action
and consumed less power than the  rasp-bar type. He also
obscrved increascd pewer roguircment with an inercasc in feed

ratc.

Harrington (1970) designed and t .stel 2 multicrop throsher
with 2 spike-tocth cylinder and fixed concave with 25mm clearance.
He found thet at ~ eylinder tip spced of 1,200 - 1,400m/nin,
the unthreshel rice peddy wnl wheet grain werc less than 0.1
whilc at 800 - 1,00m/min thc visible ~roin damage was less than

0.1 with less than 15 unthreshel zrain,
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Singh and Kumar (1976) studicd the offectiveness ¢f three
types of cylinders in threshing of wheat, and eccneluded that the
Swinging hdnner type cylinler conswacd mwore power than the rasp-

bar and spike-tocth cylin'urs,

Campbell (197€) comparcd the cutput ¢f the International
Rice Se¢gearch Institute (IRRI) 2.2 kW wnginc-driven staticnary
ricc throesher with the tralitional methedse He reported that
while IRiI thresher had -n cutput f 250kg/hr, hand becting
prelduced 17.20ke/hr, treading with bullicks 140kg/hr and pedal
thresher 40.45kg/hre

Ice (1978) tested 2 loeally constructeld cocwpea ped throsher
with tcothed squarce drum and altemetcely toothed coneave, at
six drun speceds and two meisturce levoels. lic founl that there
was an increase in threshing cfficiency anl mechanical lamage
with incronse in drua spceds The threshing efficicney and grain
demage incereased frow 78.3% -nl 15 at 141.4n/min to 98.4¢" and 6
at 259.2 m/min Arun specd, rospectively. He lso obscrved o
higher threshing ocfficicencey with lower pul miisturce contoent.
The tests took place at evoras o meisture content of 14.3 to

16. 5‘,; wbn

3ingh et al (1978) desipgned and tested 2 rasp-bar groundnut
decorticater snd foun:l that ninimun broakage ¢cccurrel at 2
cylinder tip specd of 142 m/ain at a feed rate of 150kg/hr with
15ma ¢ylinler—-coneavye clearances They recomrenlel 2 clearance
¢f 15mm at 15=-18; MC, Ab icr decorticnting kerncls for scod
purposcs and T.5om clearance it 5-8; MC, Ib for commercinl -

PUrpcsesSe
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reduced grain damage; and the total no lcad power requirement
increased from €88 to 2,353 watts per hour with change in cylinder
speed from 350 to 570 rpm.

Sharma and Yevnani (1980) conducted threshing trials on
soyabean and cowpea in a rasp cylinder thresher and found that
for the same cylinder tip speed and concave clearance, the visible
grain damage was greater in soyabean while internal damage was
greater in cowpea, and this affected seed germination. They also
found out that the grain output during threshing was dcpendent
upon crop variables rather than machine variables. They finally
recommended a cylinder tip speed of 413.5 m/min
and 330 m/min at 12mm concave cluarance for soyabuan
for consumption and planting, rcspectively, at o moisturc content
of 6.1, wb., Using Deshi variety of cowpea at 6.5 moisturc
content, they recommended 2 concave clezrance of 8mm, and eylinder
tip speed of 496m/min and 288.5m/min for threshing grains for
consunption, seeds for planting, respectivoly. Finally they

developed a2 linear relationship

TE = 93.5819 - 0.1148F1 + 0,0481C3 - 0,5470CC - == 2.4
for the cowpea variety
where¢e TE = Threshing cificicency, §
FR = Feed rate, kg/hr
C3 = Cylinder tip specd, n/min
and CC = Concave clearance, wmm,

with correlation cocefficient, R = 0.9517.



|
| .
! 52

Singh et al (1981) studied the effuct of moisture content
end mochineg parameters on threshing effoctivoness and sced quality
of soyabean, and observed that unthreshed grain increased with an
inerenze in pod moisturc contunt and deercased with an incrcese
in c¢ylinder speed, while decrease in grain moisture contont
inereased grain domnage. Thoy noted that the voristy that was
harder to thresh, had less daiage and greater porcentage germina-

tion. They finally developed lincar relationships botweon the

cylindor speed, &, grain damage, D, and grain moisturce content,
M for tho two variotios studiuvd, as follows: _ ..

Dy = ~0.626 + 0,288 § - 0.075 % = =~ 2.5
Dy = 04929 + 0,426 3 - 0,235 M - - = 2,6

1

where D, and D2==% grain dawago for Ankar and PK71-21 varioty
I
of soyaboan |

1

cylindur spoed, ms

M = grain moisturc¢ content, % wb. f
Degign and evaluation of the porformance of a stationary

whoat thresher was carried out by Ghal y (1985), He found that

the vigible grain demage and power reguirement incercased with

inercasce in ecylinder speed.

The performance of ragp-bar and wire~loop cylinders for
throshing rice was comparcd by Sarwar and Khan (1987) who found
that although rasp-~bar had greator threshing eofficiency, it

alaso had groat.r grain duamsge than the wire-leoop cylinder. They

suggested that increusc in cylinder speed would increase the fhre-

shing efficiency of wire-loop thwresher. They also ohserved de¢ieassd
|
i|

grain damage with increase in concave clearmncu.
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While working on multicerop threshers, Harrington (1970)

found that air velocity betwecen 150 to 350 m/min reducsd the chaffl

content in grain and grain loss due to clcaring to 1%.

in their study on the aerodynamic scopuaration of wheat, Missner
and Lee {1973) observed a minimum grain loss whon an air velocity

of 9.2m/s was directed at 2n angle of between 40 - 450.
|
Kashyap =nd Pothok (1976) investigated the winnowing of wheat

grain in low specd, straight, guction Uy pe, horizontal wind tunnel
of 4.57 by 1.22m, 2and found that un 2dir veloecity of 23 to 27 km/hr

wog optime] in winnowing threshoed whent.

Singh ¢t al (1978) studicd = rasp-bar sroundnut decorticator
and recommanded = blower gpood of 460m/min and an air flow rate

of 12m3/min for adequate kerncl clezning.

Igbekn (1984) developed and tustod & ceresl clesncr which uscd
gieves and air blast to clcon graing. Rice and cowpea were

cleancd at woisture contunts of 10.2 and 115 wb respectively. He
found that the total cleaning efficicney was lew at low specds and
at very high specds, and thiet the ¢fficioncy increased with the
gicve angle of tilt to o maximum of 4+5° He therofory recommendud
a speed up 300 ~ 350rpm and o sieve tilt angle of a° for his

machine.

In recent study to dvvoelep o threshor with multiérop potential,
Singhnl ¢t 2l (1987) revicwsd thresher accident cccurrence in India
(Table 2.2) ani showed that the spike—tooth thresher was the safust
followed by the ragp-bar type.
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Teble 2.2 Thresher accidents for various

tyvres_cf throeshers

Type Percentege of
aceidents

Drummy 45.16

Syndicator type 37.42

Hommer mill ty pe 14419

Rasp=bar 1.94

Spike=-tooth 1.29

Scurcc: Singhal ot 2l, 1987,

They tested a wulticrop spike=tooth thresher with whole
plant chickpoa at 9 and 13 MC, wb. Their rcsults confirmed
that increase in moisturc contont rcduces threshing and

cleaning e¢fficicncy, 2and grain output.

2431 Summyy of Thryshins eiudics

It is necessary horv to sunmrize the abeve review on
throshing studics to highlight the salignt points which might
be necessary in the design of - cowper whele shoot thresher,
The review is summarizel under the following sub~hendings:

Type of inder: From the nbove review, it is scen thot
the spike=-tcoth and rasp-bar threshers are very safce for usc
among, . the village farmers (5inghal et al, 1987). This
is important becausc stationary throshers are usually fod by
hand.
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The spike-tooth and rasp-bar cylindors have high threshing
efficiency and low power censwrption (Eepner ¢t 2l, 1972; Singh
and Kumar, 1976; Sarwar and Khan, 1987). Hence they are
popular in combinc harvesters; spike-tcoth being used mainly
for ricc and windrowed beans (Kepner et &), 1972). It 128 been
observed that the spikc-tooth cylinder has merce positive feeding
action and consumes less power than thoe z sp-bar (Dodds, 1968).

But the rasp-bar requires less maintunancc (Kerner et al 1972).

Powg coenté: The power requircment for threshing
has been found to inecrcasc with cylinler specd, feed rate and
concave length; whilc large cylindcr diamcter and open-grote
concave reluce power requircnment (armcll and Iake, 1964;
Dodds, 1968; Sharmx and Devnani, 1980; Joshi et al, 1580;
Ghal y, 1985).

Thres ¢gfTic y$ Throrhir~ ~fFfindoamar innpsnges with
inercasc in eylinder spocl, rolueticn in coneave clearance,
fecl rate and pod moisturc cuntent (Vas and Harrison, 1969;
Ige, 1978; Sharm anl Jevnani, 1980; 2ingh ot al, 1981; Joshi
et al, 1981).

Grain damagg: Grain dacage iner~-e~e with inecreasc in
eylinder speed, and decrcvases with incrcase in concave clearance,
feed ratc and moisturc content (Vas and Harrison, 1969;
Harrington, 1970; lge, 1978; Singh ¢t 21, 1.77; 7-"hi and 3ingh,
1980; Ghal y, 1985).

Pcds that are hard to break incur liss visible and internal

damage during tioushing (Jingh ot 21, 1931). Ccwpea tends to
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have more internal damage than soyabean during threshing because
of its loosely packed cotyledons (Ige, 1978; Sharma and Vevnani,
1980). Grains, such as rice, with high ultimatc stress can with-
stand grcater mechanical impact lurin: theshing (goki an? Ssmay,
1979).

Grein losg: Grain loss inercases with cylinder and blower
specd (Harrington, 1970; Liscner anl Lee, 1973; Kashyap and
Pathak, 1976; Singh ¢t al, 1978).

Feed 3¢ Fcecoed rate incrcases with incrense in cylinlder

speed and spike length (Joshi =nl 3Jingh, 1980).

The above basic information on thresher paramcters was used
as guideline in the design of the whole shoot thrcesher reported
in Chaptcr 5.



Chapter 3

THEORELICAL CONSIDEL 4T IONS IN

MisCHANICAL PROPERTIES oND THRESHING OF
COUPEL

2l Introducticn

In this Chapter, the important torms used in the study are
dofined, some fundaoental principles ar: oxplainced and the matho-
mtical fermulace wpnliced in the caleulation of hechanical proper-
ties and some threshing parancturs are discussed, “ome cf these
formulac are very involving in thelr doerivation, and are precisely
digcussed; but rofersnees where they could be read in greater

detail are ziven.

gome of the \",-‘-:;uationsmre not dircetly applicablc to the
biomaterial under studys. In such cases tho equaticons wore wedificed
to suit the part of the cowpea wnder congideraticn. 3uch modifi-
cations nre fully discussced. The mtherRtical formulac discusscd
in thig Chapterwerc uscd in caleculating the mechanical propertics

and some threshing poranctoers in Chaptoer 9.

el Jefiniticng

The fuollowing terms uscd in this study sre defined below.
Jome of thy terig are illustroted in Tig 3.1 and 3%.2.

Bending strength a;_: The bending strength, a',;' ,i8 the
maxinum bending stress attainet beofere the fracture of the material

37
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subjcetud te siaple honding.

Bicyicld points The point on the forece - defermation curve
at which an incrcasc in defcermation ccecurs when there is a decreaseo
or no change in the applicd forece, is called the bioyicld point
(sce Pige 3.1). The prescnce ¢f this peint in any ~gricultural
product, indicatcs an initial cell rupturc in the material cellu-

lar structurc.

Crushins gtrain (&) and crushing strenzth(d ): For agri-
cultural product subjected to cecupressicn the crwshing strain,
€ ,» 18 the strain obtained at the moxioun erushing strees
(termed the crushing strength, d;'\ which is the maximum strcss

attaincd berore the rupturc of the material.

slasticit : The degree of e¢lasticity,f, of
-a biomaterial is given as the ratio of the clastic deformation to
the sum ¢f the ¢lastic and plastic deformation obtained fronm

foree-defermation curve (¥ig 3.2) when the material is loaded and

coupletely unloadcd.

Porce-deformntion curve (£ urvegl): L graph pletted with

the values of defornntion s abscissac and the valuvs of force as
ordinates is callud the forco-deformcoticn curvee In this study
the force-deformation curves of all the tested specinens were
automrtically plotted during testing by the universel testing

machine.

sterggig:s The cnersy abscrbed by the watorial in a load-

ing and unloading cycle is kncwn as hysturcsis. It is calculated



fForce

Rupture point
\

Bioyield point

Deformation —_——

Fig.3.1 A possible force-deformation curve of a
biomaterial



FORCE ——>—

4.0

DEFORMATICN ———

Fig.3.2 Loading and unloading curve of agncultural product in compression.
D= ftotal deformation _ i
De= elastic deformation
Dp= plastic deformation

(g= degree of elasticity, % = 100 D, /D

(Mohsenin, 1970)
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as tie arca between the loading and unloading curve.

Modul :f ¢lastici L): The nmodulus of clasticity is
gonerally defined as the ratic of stress to the corresponding
gtrain below the proportional limit. In the bhiomaterial the
modwlus of elasticity is wually calcwlated frowm an cmpirical
formulae derived from the stress-strain ratio and the Poisson's
ratic using the degrec of elasticity as 2 wmodifying factor to
limit the calculation to tli¢ clastic zone of the force-deformation

curves.

Poisgon' ic {A): uhcn en nxial stress is applied to
the bedy within the ¢lzgtic region of the material, the ratic of
the transverse strain te the axial strain produced is called the
Poisson's ratio, Non-isutropic mztericl will have ncre than cne

value of Poisson's ratio.

R 2 _Po ¢ Thce peint cn the force-deformation curve at
which the matirial rupturcs under o load is called the rupture
peint. +hile thc bioyicld point is 2o failure in the micrustructure
of tlhe spceimen, rupturc point is o failure in the pacreostructure
manifested by the ceracking of scedecat ¢f the grain or pith of

the stalk uwnder r=dinl compression.

Viscog icity: Viscoclasticity is gencrolly defined as
a combined sclide-like, liquid-likc bchavicur in which the stress-
gtrein rclationship is time deendent. Llinear viscoclasticity is
defined as a visccclastic behnvicur in which the stress-strain

ratio is a function of tine and nct stress magnitude.
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3.3 Reproédhtgjion of Vigecelastic Behowviour

There are three Easic lovels at which the mechanism of
responge ¢f an ongincering raterdal may be studied, namely: the
tolecular, structural and the phencmenological lovels. The |
response c¢f the material at the wmolecular level is inferred from
the propertics of its microgsecopic elementoary particlos, The stru-
ctural level censiders the naterial as beinyg mede up of visible
non-homogeneous uwnits whose interaction results in thoe cbscrved
behaviour. «t the phenomenological level the material is assunmed
to be macrusceplcally homogeneous and isotropic. Its behaviour
ig assuncd to be the sang in every part ¢f it oand in cvery dirce-
tion. Knowing that biomntorials are heterogeneous, the structural
lovel ¢f mechanism of response is adopted in this study. It is
assunzd that the obgerved bohavicur is an interaction of the

various heotercgeneous units that make up the material.

& conpletely rigid body which is inconmpressible is thoe clag-
sical ide¢zl Buclid solid while the incomprossible ligquid which
cffers absolutely no resistance t¢ dcformaticon is thoe Pascalian
liguide Noxt t¢ Bueclid is the Lockean golid in which thoe stress
is direetly proportionnl to the strain produced. VWhile the
Newtonian liquid in which the stross is proportional to the
time rato of tio strain produced, is next in the liquid
hierarchy. “t. Venant 8clid represcents ancther idealized
behaviocur in which the stress is direcetly iroportionnl te the
stroin up to a certonin stress crlled the yicgld streos aftor which

the material defurng plastically at o congtant stress,
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The behaviour of real materinls fall somewherc inbetwoen the
idealized Euelid solid and Yascalian liquid. It is gencrally o
conplex combination of the many idenlized responses mentioned
above.  dctually, any quantitative reproscentation of this complex
behavicur of materials, will in itself be didealized tu some ldegree
depending on the desired accuraecy. In thig study, the viscoelastic
behavicur of cowpen was assunod linenr in order to simplify the
calculation since the theory of nen-lincar visccelagticity has
not been completcely woll analvsed in the available literature.
It is however known that mest hiomaterials exhibit non-linear

viscoelastic behaviour.

3.4 Theorctical Conglderations in Hodial

Compregsion ot Cowpoa Mtalk

Jedet Hertz Lingar HElastic Ccontact Theory

When two clastic bodies ore in contact under an oxternal
foree, local compressive stresses are set up and the surfacss are
deformed. Tho cuntact stregsus doveloped may be high even for

small applied foree owing to the small nrea ¢f contact.

Adlthough contaect problems are often nen-linear, Hertz in
1881 doveleoped o clasgical solution for contact strosses end de-
formaticns developed whon two elastic bolies are in contact,

based on the linear thecry of elosticity.

Fig 3.3 and 3.4 show two basie types of deforumtion considered

in Hertz theory. When two sphoerieal bodics with radii of
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Fig. 3.3 Contact between two spherical elastic bodies illustrasting
the contact area and distribution of contact pressure.
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b

DT

Fig. 3.4 Illustrative diograms of comtact  between two cylindrical elastic bodies showing
the contact area and distribution of contact pressure.
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curvation R1, R2 cre in contact, Hertz thecry status that the
contact arca is clliptiesl (¥ig 3.3). ihile for twe cylindorical
bodics with their axes parallel teo each (ther, the contact area
is rectangular. The cewpe: stzlk is roughly cylinirical. Its
stress problems in radinl compressicae wis analyscd uging Hertz

cuontect theory for cylindrical lLodicse

Fror Hertz theory, thc norual pressure distribution, q, deve-
oped a2t t' ¢ contnct surface of £t ¢ tws cylindrieal bodics pressced

»

together is given by . ;
qQ = q, [E - (x/b)z:] - = = 31
where q, = maximue eontact pressure

% distance frcm centre of contaet along x-oxis

n

b

il

half the width of cuntact surfacec,
The maximum cuntiict pressure, Uy nt the centre of the ccntact
surface is given by Hertz ns

q, = 2F/ Wl = = = 3.2

where 1 exturnal normal forcee

1

length of the cylindricsl bedy in y directicon,
For long ¢lastic cylinlers in cuntect, Timoshenko and Goodier
(1970) have shown that the half ccntiet width, b, may be ubtained
from the expressicn

w2 - _4F (U '%2)/‘*'1) ¥ ((1'/“2)/32)3 - == 3.3
nBEU/R ) + (1/R Jj

where A f“; = FPoiseon's ratio for the twe cylinders in

C\n'tl.lct (.L"i{‘ 3-4)
31, 32 = ncduwli of elasticity
Ry, R

]

2 redii of cuvrvature
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If b is calculated from the abeve, the maxicum stress can be

obtnined frem Bguation (3.2).

3.d4.2 alplication of Lortz Contb:

Azricultursl Freducts

Hortz contact theory is applicable to clastie bedics. Its
application to visceelastic hiomaterials undoer compressicn is
baged on the observetion of Nohsenin (1870) that the forco=~defcre
mtion curve of tho bicmaterinls tends to bocome sigmoidal under
large strain so that the modulus of clasticity obtained from tho
glope would be groecter for huavy loads and smallor for light leads.
Howuver, at the initianl poerticn of the curve under swall strains,
linear clagticity exists tc a rreater cxtent., Hencu at this
region the application of Hurtz theory is appropriate., Based cn
the above chservation gcme rosearchers like Snobar (1973), Sherif
(1976) and .anazode (1981) have appliced the Hertz contact theory
for clastie maturials to viscoglastie agricultural produets. In
the prosent atudy, lertz contaet theiry was also used to analyse
the contact stresses and ncdulus of elasticity of cowpea stalk in
radlal compressicn and the grain in uniaxial compressicn within

the clastic regicn ¢f their force=defirnition curves.

some simplificaticns are nuceS$sary in thoe application of the
Bgquation (%.3) to cylindricel bLicmateriols, WYhen a cylindrical
hody is eoumpresscd Lotween twoe steel plates as shown in Fig 3.5,
the steel plates are consildurca te have infinitely large radii of

curvaturce, livnce ‘



UPPER MOVING STEEL PLATE

+X
\ CYLINDRICAL BODY
Roz 60 _ R,E, M
)=

LOWER FIXED STEEL PLATE

+Z
Fig.3.5 Compression of cylinder between two parallel flat steel plates.



R2 = o - == 3,4
The appdrent clastic modulus of the biomaterial, B, will be
considered to bo tuo small when cormparcd te the clastic modulus !
of gtecl plates, EE’ henec

(- = = YE T BN
where B = R 4 =,,-1/!/ and J2 ‘7?}31
dince roissenta rotiv for wnest substancus Lics betweon 0.2 to 0.5
(Mchsonin 1970}, ond Ry =eoo , the axpression (1 —/@? ) /By will
be very small and can be neglectod, and 1/R; = O,
Thegc assumptions reduce Squaticn {3.3) to
b2 = 4FR(1 M V/FLE - - - 3.6
If the half contact width, b, cculd be obtainud from the exporimont-
al measurement, then the medulus of clasticity of the bicmaterial
ecan be caleculated using Lquation (3.6). Eut accuratc experimental
measuremont of the half contact wilth, L, is not always possiblo
with mogt biomatorials becuausoe of the destructive nature of cone-

prossive tests,

4 sinplier £ rmuls £ r calculating the apparont olastie
mrdulus <f cylindrical bicuaterial of length, 1,under radial
compresaion doveloped by Shorif et al (1976) is stated as followa:
Bo= 4221 -4V TRL - - - 3.7
whore %2 dis Jefined -5

4 = R/ =~ = 3.8
and caleculated frewn the oxpression
D/2R = (In(22) + £)/22% - = - 3.9
vhere D = +{otal dofurmation

But fur the applicaticn ¢f Hertz contact theory, clastiec
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defcrmation, Durun& ntt t-teal defermati-n, D, is required. The
¢lastic defcrmati n, o,,is DLtained fron
D, = B D/100 -~ - 3.10
wharcf? = Jdegree »f elasticity, ¥,z28 illustrated in Pig 3.2.
The crushing strain, & , is ziven as
€c= D /2R = B D/(100(2R)) = = = 311
Z is then c¢stimated from
= (n(2z) + §)/22° = - = 3.12
The crushing stress, a is given by
o = 9. = 2F,/T1b - - = 3,13

[
where Fc = maxXioum crushing Forco.

The crushinge strain colewlated frow equaticn 3.11 is used
tc estimate 4 from Squaticn (5.12)s The crushing stress is
caleculated frou Bquaticn (3.13) using tae half contact width, t,

cbtained frum the Lquaticn (3.8).

3443 Bagic J4sgumptins in tcrtz Contact Thucry

There are sume fundamentol cssunptions originally made by
Hertz in developing his therry ¢f ccntact stresses. These are
stated by Kosma nnd Cunninghaz (1962) as folliws:

e The naterials in contact 2re hemegencous,

2 The appliod lcads are statice.

5 A liuuke's law is «heyed.

4. Contact stresses vanish at tho . picsito unds of contacting
bcdies.

54 The radii cf curvatures ¢f thu contact arca is small when

compar.d with tluse «f the bYadies buinyg ccmpresscds
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6« The cuntacting surfaccs are sufficivntly smcoth tc oliminate

tangential forces.

Bicuaterials arc not hcwogeneous but if random in~-hcemegeneity
is assunied for the bionaterial under lcad, the pechanical behavicur
nay be assumed t¢ approxinete t¢ that of a homcgenecus body

(Mchsenin, 1970).

35 Theorgticsl Consideration in
Uniaxi:l Couilress

The fellowing cquatiocn frem bHertz contact theory obtained
from Amcrican Sceicty of agricultural Ensinecers (A3.L) standard:
488 8 36841 (AB4E, 1983) was uscd to ezxlculate the modulus of

clasticity of ccwpea grain in uniaxial compressicn (Seo Fig/g.é):

s = e (e T ()]

- = = 314
wherc £ = nmcdulus ¢f clasticity, MPa
F = force, N
Al = Poisson's ratic, dimensicnless
D = doeform.ticn, mn

-
Rys Ry 4 R, 1{‘5’ are rudii of curvaturc as shown in Fig 3.7,nm.
)

Since the estyledons of erwpea arc symuetrical R2 = RT

’ 3 r E
and Ry, = 31 » 33aged cn this the Hertz cquation is reduced te

| /2
B o= =233l p(y a5 2 )‘}]3 - == 3,15
—1;3-?% (1 )| (—&1—+;%- 341
¥
or B = 1.502 F(1 -A/) (R—i-+;l—)/n3] - - = 3,16
1
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Fig. 3.6 Uniaxial compression of cowpea grain.



Fig. 3.7 Radit of curvatures of cowpea grain
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It is necessary tc limit the deformation t¢ the elastic zone in

applying the abcve foermula tc biomaterials. Hence elastic defor-

and nct the total deformaticn, D, was used in calcula-

mation, D
)
|

ting the elastic ncidwWlus owf cowpen grain,

In the calculation, the cowpea grain was assumed 0 be
elipsoidal in shape.lence the major and minor radii of curvature
R1 and R: shown in Fig. 3.7 were calculated using the measure-
ments of length, 1, width, w, and taickness, t, of the cowpea
groin (illustrated in Fig 3.8) as followss

12 + t2 . 31T (

Ry = % |
£ Ee + %2 l
R1 , = 4—t L 3018 !

The above approach was uscd by Misra and Young (1981) to ealculate

the modulus ¢f aelagticity of soyabean grain in uniaxial com-

pressiun,. ‘

3eb heoretical Consgideratic
Bending of Cowpen Wdtalk

The thecory of bending s applied t¢ o hollow cylindor sinply

supported at beth ends snd loaded st the mid-span,was used in

this study tc annlyse the responsce of the cowpea stalk in

gimple boending. The fundanental relationship between the bending

stross, mement and the gecmetry of defsrmation}ia given as

|

follows: pe
. 77 o _
S T RT:

I = ¥y = R
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/
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Fig. 3.8 The principal dimensions of cowpea gmin
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where M = wmnximun bending mopent

1 = oement of inertin
JE = maxiaul bending stress

Yy = distance of the cxtroeme fibres from tho noutral axis
E = nodllus of vlosbicity

e

= radius of curvaturc of ncutranl surfoce.

From the nbove, thoe naxiouws bending stross is

The moment ¢f inoertia of 2 hollow Qylinder
4 4 :
(" - a,") L 5

= 61 —

where 4 = diamecter ¢f eylinder |

do = dianetor of the hollew contré

y = d4/2 and the bending moment

Moo= R4 - - - 3.22 |
where ¥y = toe wudmum bouling forec and

1l = the length of the cylinder.

Substituting the values above the honding stess bhoconess

d;- = anld/rT(d4 - do4) - - - 3,23

The rodiwe of curvature, i, relates t¢ the Jeflection of the
heutral axis,\/, by the differential equation given by Bunham
and Warnock (1976) o

1/R -~QE%L -~ = 3,24

B dx

d*y ?
. - w = e w o o 3,25
dxz 1

—

I

From the sclution of thoe atove differentinl equation the value

of the naxioum defleetion ot t1 o mid-span of a siwply suppcrted
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Lean with centrally cencentrited load is ghtoained o8

y = ¥ 17/4881 - - - 3.26
This gives the modulus of clasticity as

B o= F0/48Y] -~ - 3.27
But for biomnturicls the clastic component of the deflecticn,
VL and noet the maxinun dcflucticn,\/, showld be uscel. The clastie
deflection is obtaincd bLy

V= VB/ioo - - - B0

For simply supportel hollow eylinder,

L m@t-ah (3.21)
64
—_ 4 4
* E = 4Ebl3/3 VA T C A ) o~ o= = 3420
3.7 Theoreticsl Congiderations in
Threshing of Cowpea
3eTe1 Definitions

Some terminology pertinent to thresher design and performance
are defined in this ©ection. The definitions are in keeping
with the ASAE Standard 3343 (433, 1933). dome of the terms

are illustrated in Fipg 3.9 ana 3.10.

Lhreshing cylinder and gongave: Threshing cylinder is

a rotating element fitted adjacent to a stationary element
called tlie concave for the purpese of promoting threshing,
The concave is a concave-ghaped stationary element adjacent

to a threshing cylinder.
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The crop being theshed is contained tetween the eylinder and
concave for less than 3600. Wren the erop is contained between
the two clemunts for onc complete revolution, the rotating

clemunt is called a threghing rotor.

Cylindor diamcter (d.): gy giametur of the circle made by

the peripheral tip of L o cylinder as it rotates about its on
axis (Fig 3.9). 1n spikce-tooth cylinders, it 1s the diamcter
of the circle made by the tip of the spikes when the cylinder is

rotating.,

Concavg wi nsth (w): The external length of con-

cave in millimetres measurcd parallsl to cylinder axis.

Congave arg length (1): The intcrnal arc length of concave

in millimetros measured porpendicular to the cylinder (Fig 3.10).

Congove arva: “Yhe product of concave width or length, w,

and the are lengih, 1.

Conc:ve gratce: Furforat.d portion of concave arca which

is pcrmeable for scpuration.

Threshing: Threshing is the removal of sced or kerncl

from thce head, cob or pode.

Scparating: Scparating i3 thoe isol:tion of the detachcd

suud, small debris or chaff, and unthrushed scceds from the rest.



Spike

\——Rotational path of the
\ Cylinder tip

Fig.3.9 CYLINDER DIAMETER



Fig. 310 CONCAVE ARC LENGTH
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Cleaningt Cleaning is the isolating of the seads from the

mog (matorial-other-than-zrain) and unthreshed material,

Sicving: Sieving is the isclating of the secds by use of
a porforated device colled the sicve which permits the seeds to

pags through it while the mog is carried over it.

Thresher capacity: In this study, the thresher capacity

ghall be¢ defined as the moximum sustained feed rate at which the
visible grain demage and processing loss should not exceed 2 and
1Y respcetively. - For the combinge harvester, the combine capacity
ig defined as the maximum suatainced feed rate at which the
processing loss shall not excecd 19 (for soyabean; ASAE, 1983),
In thresher performance, limited grain damage is of great impor-
tanec. Henco wpany investigators, like Kolganov {1958), Bunnclle
et 21 (1961), Chestney (1969}, Ige (1978), Sharms and Devnani
(1979 and 1980), have usvd groin demmge to determine the

optimum cylinder specd and concave clearance for various threshers,

For grains for consumpiion, the rocommended thresher cylinder
tip spcod and concave clesrance shall be those ~% which the
visible grain damoge should be within 2¢°.  (Kolganov, 1958,
Burnclle ¢t al, 1959; King and Riddolls, 1960; Sharma and
Devmani, 1979 and 1980). whilc the rucommended speed and concave
clearance should limit internal damage to within 5 for sceds
for germination (Xolganov, 19%8; Hichey et al, 1961; Chestney,
1969; Sharma and Devnani, 1979 and 1980). |
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FeTe2 Calendotion of Purforranee porsmelors

A = i 4

in thresiing

5 v sfficiuney <Y . .
Threshing efficivnoy, T (‘} Lot tho weight of grain

collected in ponn be Wiy the wolght of vnthreshed grain be W,,
the woight of grain Llown ouvt b w3, thoun the total weight of
grain, W, is given by

¥ = " i o - .

<] }1 + 62 + g 3.30
The threshing efficioncy, TQ, is enleulated os

T = 100 (w1 + w;) Y - - 3.5

&

Processine 1oss, Py ()1 np, poroontago grein thrown or

blown out ealled the processing loass, Pl, is caleulatad s

Pl = 300 HB/H o= = 3,32

amnovnt of non-grain maturicls in groin cxpresscd in percentage
ig caleulatod ns fellows:! Lot the wolsght of mog eollected with

grain in pan be I,y then mog in gr2in, Mﬂr, ig ealculated as
Ea

Mgl‘ = 100 m1/111 - 3-33

ooy Ga{o e Lot the weight of damﬁged grain bo

W4, the totnl weight of grodn be W, tlen grain damage, G4 is

glvun by

Gy = 100 4, /W - - = 3.34

Cleaning efficiency, O (5)s

Lot the wolght of total input
of mog md grain be Wt, the woight of dotel mog input, & is

given by
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no o= Wt - W -~ = 335

The weight of mog blown out, o is calculonted as

my = m-~- (m1 + oy m4) = (ﬂt - W) - (m1 + I, + f43 5.56
where my = weight of mog accompanying unthreshed grain
and oy = weipght of moy withheld in machine a8 residuc.

The cleaning officicncy, CO, is givon by
or
e, = 100m3/m -« = 3.38

JaTe3 Caleulation Air Fleow Throush
Thregher Blower

The requircd air discharge througsh a blower, Qﬁ, can be
estipatod on the basis of t ¢ cress-sueticnrl area of the blower
anl the actual air veloeity roguired for cleaning thoe grain, V.
For o reetongular blower of width, w, and depth, h, the actual
air discharge nay be caleulatoed as
q = vwb x107° - - - 3.39
whero Q, = actual air discharge, m3/min

v = air veloeity, n/muin
4 = width of blower, mm
h = depth of vlowor, ium
_ Assunming 30¢ cofficieney for blowers (Joshi, 1981), then theore-

tical air discharge of the blower, Qpy can be ogtinated as

p = QA/OJ - =~ - 3.40
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dlternatively, the theorctical discharge of the blower, QT’

can be calculated us
Y = Wiwvy & 107 = Wdw,v, L 1 - - 3,41
where Qp = Theurcticudl .ir discharge, m3/uin

Wyy Wy = wildth of blades (um) at liamctors dy and q, (mm)

VysVp = tangontinl conponent of absolute veloeitics, m/min
The tanguntial componunt of absolute veloeity, Vo, can bo approxi-
nated as 20 of the peripheresl veloeity of the impelleor tip
- (Joshi, 1981), hence
Va = 02TWdyaNX 1070 - - 3,42

where I = impoller speed, rpm.

" vy e g yoors ey & r e ‘ g lork | £
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sinetic energy, r.b., gencerated by a rigid body

tion eguals the sum of kinetic energy o. the particles

v | = This L 1'3'.
- . -~ 1
" i
- (i, 2.5 3 m. 1. 4-,..);.1:, (Z m. r, )&)
- L - %\ - 1 3 i
]
- - - 3.._‘_3.
f - . = i g of particle
L i
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Z' bl I L denivies Dy I, is toe zuh ol t-io‘f
i by g vruall) A

irertiz of the porticles at the fixed axis of rotation.



total kinetic energy of the Loay therelore is

exXregsed ass

in

31 Ww° = = = 34k

-
-
=
.
-

i

Mie rotatine components that ouild up inertiu for the
trreshing cylinuer incluae; the souft, the crlincer,

4 tae pulley.

e tolul Kinetic encrgy of the threzning cylinder will

ot

Le tne energy generatea oy these couponents,given ass

Felbw = & W (1 + 1. 9+ 1) === 345

1 = polar moment of inertiz of

viere 18’ Ic, p

nuft, eylinder and pulley respectively.

Lie polar moment of incrtis o!f the sneit:

]5 = & g Rs - - = 3,0
WoiETe m, = uss of snsft
ana Ro = I'aﬁius o!f shaft.

The polar momenut o!f inertia of tne cylinder:

c p * g = == 347

viiere I, Iu = moment of inertia of the cylinder bars

and the Ccylinder sup;ort discs

respectlively,
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Trece are calculated from the expressions:

1, = 3oy (Ry,” + Rya ) = = = 38

where m, = mass of bars
Rb1 = distance of the centre of cylinder to
the tip of spikes.

Rpo = the radius of the cylinder hollow;

where my = mass of c¢ylinder support discs.

Hd = radius of tne disc.

Tre polar moment of inertia of pulley, IL is given

bys
1 = & mw_ R 2 o - = 3.50
F P P

wi.ere m, = mass of pulley

aud hp = radius of pulley.

Jne threshing energy, kbk,, may be exuressed as:
B, = 31 (u.),z - wtz) - = = 301
wiere 1 = sum of poler momenis oOf inertia of shaft,
cylinder and pulley.
w, = Angular velocity ol cylincer witn thresher
emptye.

Wy = 4Angular velocity of cylinder when loaded.
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a-stuing that the relationsniip between the {ecd rate and
Lie threshing energy is linear in « glven thresher design,
tiecn the energy for threshing whole shoot cowpea per kg/h

feed rete (Ek) willlbe given as
E, = Lt/f = = = 3,52

wiiere £ = feed rate.'kg/h

ihe percentage energy used for threshing, » ki, will be:
% Et = 100 Et/K.h. - - = 3.53

Work, W, done in crushing or bresking the cowpea

slalk is given by
W o= dex - = = 3,51

whire x = deformation or deflection,

Inis is equal to the area under tne I-d curve illustrated

in fig 3.1,



Force

Work e

Deformation —_—

Fig. 3.11 F-d curve showing work done,
W, as the ( shaded ) ared under the

curve
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Chapter 4

MATERL.

44 Introduction

The physicul and mechanical properties of cowpea as related
to mechanical whole shoot threshing were studied. Whole shoot
threshing trials were carried out with a pod thresher which was
- finally redesigned to cffectively handle the entire cowpea shoot.
| This chapter discusses the equipment, specimens and procedurs

used in the study.

The mezsurenent of {ho physical properties of cowpea was
limited to the grain size, pod pericarp (hull) thickness, moisture
content of grain, pod and mtalk, and the stalk diameter and length
requircd for determination of the mechanical properties. The
micrometer screw gauge and venier calipers were uvsed for the
dimenaional measurcments, and the moisture content was dotermined by

by the oven dry method and expressed in % wet basis.

The mechanieul propertics of cowpea studied includels the
8talk in radial compression, the gtalk in simple bonding, the
minimam force of cracking of pod, and the unizxial compregsion of

the grain.

The Monsanto Tonsometer W and tte Instron, universal tssting
machines, were the main equipment used in the weasurcment of moecha-
nical propertics, In each measurcment the forece and deformation

or deflection wero recorded in graphic form by the ingtrument
recordar.

=]4]
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The requircd mechanical proportivs were caleulited using the

egusations discussed in Chapter 3.

The suitability of comion verictivs of cowpea to whole shoot
threshing was studicd. Uxperiment was conducted to study fiold
ghatter losses -of thyee varieties, -nd seven varicties were tested
for whole shoot throshing using the JIgR  pod thregher. Finally
the pod thregher was rodesigned o handle the ontire shoot of

COWDPOER

4.2 gelcotion of Test Spegimens

All cowpea gamples uscd in this research werc produccd in
the Ahmadu Bello University form in Samaru, Zaria in 1986 and 1937
planting seaseons: This was done to keep variations emanating from

the goil type and cultural practices at minimum.

Jample sclection was rundomized 2ll through the testa but
carc was taken to cnsure that only good sauples were uscd. This
helped to ¢liminate variction that wmight bu causced by dediective

samplug,

All vorietios of cowpea grown were given the same troeatmuonts
They were plantced on ridges 2t 20cn gpacing, two sceds per stand.
The scil type was sandy loan and the soil choracteristics are stated
in Table =1, Appendix P Jingle superphosphate fertilizer was
applicd during land preparation at i rat: of 200kg/=. The
crop wag monuslly weceded twice. It was protected from insect

pests by the usc of gymbush 10EC and dimethoatc 40BC, and
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against fungi by the application of Benlate using the
knapsack sprayer. Spraying was frequent particularly f{rom
flowering, to cnsure that the crop remained healthy vntil
harvest,

Beside grain size wmensurcment, all other measurements
reported in this work made use of cowpea samples grown im
1987 planting senson, The 1986 products were mainly used in
preliminary studies which were very useful in the selection
of varietics, proper timing of experiments at different
moisture levels, and in instrumentation. The 1587 crops
were planted bhetween the 17th and 20th of July. And beside

1T 82E~ 60 (IT 60) which matured earlier, and the local
white variety which matured later, all other varieties
planted, motured in about 12 weeks,

Seven common cowpea varieties in Zaria locality
were sclected for the grain size measurement and threshing
tests. These included: TVX 3236, Ife hrown, IT81D -985
(IT 985), IT 60, Samaru 48, Samaru 341, and the local white
variety. The seven varicties were chosen in order to cover
the common grain sizes of cowpea in the locality. For the
determination of the mechanical properties, the variety with
the smallest grain size (TVX 3236), intermediate grain size
(Ife brown) and largest grain size(IT 985) were used,

Specimens from mature crops were used in all the tests
to e¢liminate developmental variations, and all stalk specimens

were ohtained from the main stalk of mature cowpea.



T2

4,7 Sclection of Moisture Content and ate

of loading of Test Specimens

The grain size and pod pericarp thickness were
mea-urcd at the equilibrium moisture content of dry cowpea
grain and pod during the threshing period in Zaria which
falls within the dry harmattan period of November and
Deecnber, The moisture content ranged between 6.5-8% wb.

The moisture content of the stalk was monitored from
harvest to observed the drying pattern. Three different
moisture levels were then sclected for determination of
stalk mechanical properties. The moisture contents ranged
from 60.5 - 70% wb for wet specimens, 20 - 23% for
intermediante and 7 - 8% wb for the dry specimens.,

The threshing tests were pertoreed at low moisture
contents to avoid clogeine of the pod tYwesher used for
the testse The moistures ranged from 5 = 6% wb for =talk,
6.6 to 7.14% for the pod and 6.6 to B% for grain, 5Such
moi-tue were attainable by air dryving during Decenber

harmattinn in Zarina,
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Mechanical properties were measured in threve rates
of loading winch were the available ceoss=head speeds of
the mensurineg instrunent used,  The spoeds were 12, 5mm/min,
25mm/min and S0Omm/mine.  The itnsteiwnent had no further
speed reducers,s Preliminary tests howvever inticated that

the speeds were adequate,

1.4 Physical Propertics

1.1.1 Groain size and shape

For the measurcment of the groin ~ize and pod pericarp
(huall) thickness, 20mm micrometer <crew gouge of O 01mm
accenrncy was used,  The sradn size of soven vaoreties
of cowpena vere measured ot hetweon o.8 ~ 8% moisture
content vet basis, The varieticvs u=ed wore ans follovs:

TVYN 3236, I1fe bLrown, JT 81D - 985 (11 “83), 1T 60O,

Samarn A8, o 341, and the local white vavriely.

One hhmdred grains were randomly sclected from each
viriety and each grain was measnced for the length, width
and thichness ns “houwn in Fig 3.8. The data collected

were later ananlysced using the <~ SMatistical Package

i

for the 5ocial Scliences (S1'sS)



pPrograuucs for the snalysces of varirnce and Duncan's new multiple

ran;¢ test,

To determine the shape of cowpea grain, the grains of tho
seven varietices of cowpea uentioned above were compared with the
existing geometrical shapes. The cxisting geometrical shape
closest to the shape of t'.¢ grains was choscn. This is nccessary
in order to facilitete tho caleulation of pgrain mechanical
propertics, basing thou foriwdae on oxisting seometrical shoapo.
The approximatc shupe of cowper grains dctormined, was uscd to
caleculate the modulus of clasticity of the srain under wniaxial

conpression prescnted in Chapter 5.

42 Fod Perigarp (hwll) Thickncss

The 25un micromvtor screw gauge weis used to neasure the pod
pericarp thickness. 1Vi 3235, Ifc brown and IT 985 were uscd and
50 pods were randomly sclceciel fron wach of the threc varictics.
Zach of ti.e pods was carcfully broken by hand and the thickness of
gach hull or pericarp was wmeasurel closce toc the head (point of
attachmont to peduncic), mid region und tail or tho apexe. These
measurcrents were token 2t the pod moisture content c¢f 6,9 tc 7.3

wb,and grzin moisture contont of 7.2 to 7.3 wb.
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4.4,5 Digueber and Lenath of Stalk

The diameter and the length of cowpea stalk prepared for
machaenical property measurencnts, were determinad using the
160mm venier calipéers of 0.1 mm accuracy. Cowpea stalk
dimensions were measured for the radial compression and bending.

The details of these measurcments will be given under mechanical

properties.

4-4-4 I y 3 o Grad PO‘ *'j't

The moisture content was detcrmined by oven-dry wethod
using American Scciety of Agricultural Ungineers (ASAE) standard.
@rains weighing 15g were heated in the oven at 103 4+ 1°¢ for
72 hours, Thu grain waig allowed to cool in a laboratory
desicator and reweighed. All weishing was done with the olece-
tronic weighing balance (mndcl Metler P.N:1210) of 0,01 g

accuracy. The moisture content was calculaled on wet basis.

The moisture content of the pods wzas determined in the
sapc woy by heating 252 of the pods in the oven maintained at
10300 - 1°Cc far 72 hours. For tne stalk, 25g was heated at
103°C + 1°C for 24hours (i5AB 5358.1, ASAE 1983).

4.8 Meghanical Fropgrties of Couwpea
4.5.1 Selecgtion of Varicvticy and togting Instrunonts

Three varictics of cowlea were used for the determination

of the mechanical projertics. Thosce were selectod according to
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grain size fron the size measurement made in 1986. They include
TVZ 3236 (suall grain), Ifc brown (medium-sized srnin) and IT 985
(large grain). The grains =are shewn in plate IL.

Two universal testing instruments shown in plates II and IV
were uged for the deoterminction of the mechanical properties of
cowpca, The Instron universal testing nmachine available had no
specd roducers. Its minimum speed of 50mm/min was toc high for .
the ncasurcment of force and dvforration of such agricultural
products  as stalk und greins (3axenn 1972, inczodo 1980, 4ASAE
1983)., This limitod its usc in thu experiments. The lMonsanto
universal tegting machine was mainly used. Howevor, owing to its
very high sonsitivity at low lcad luvels, the Instron machine was
8till uscd to weasurc thce minimur crecking force of pods and to
eross-chock the accuracy of the Monsanto instrument in the

measurencnt of the grein crushing forcu.

The Monsanto universal tousting machine (Monsunto Tonsometer
W) is 2 highly scnsitive motorizud tensometer with beth manucl
and auvtomatic reccrders. Basicully it opcrates at threc crosgs-
head speeds: 50mm/min, 25me/nmin ond 12.5nm/min. The motor specd
alteration is effceted by the change of vee belt on a three-step
pulley fitted to the notor shoft., 4 steady ‘specd is then trans-
mitted to the erosshesd of the tensometor. Further reducticns in
the crosshend specl is possible by the use of the countershaft
assemblics which are .dditiorszl machine mccessories. This was
however net available during the tests. During cperation a

motor driven gear box of high mochanical advantage applies a foroee,
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Plate [ 1] - Instron universal testing machine,

table model
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ranging frem 75N to 20V to o tuet picer held in the chucks. The
fureo sct up deflects the spring beam. Dirsct magnification of
this deflectiun couses a heated stylus to draw a graph on a heat
sensitive papor. The forcu-deformation graph drawn can be read
by overlaying the transpnrent plastic seales shown in Appenddix ¢

on the graphs,.

Jvailable magnifications of the spring beam deflection are
1681, 811, 431, 2:1 and 131,
The machine is compact with cverall dimonsicns O0f approximately
965um X 235mm X 230mm and a weight of 21kg. It is versatile and

sceurate with very high cost/porformance ratinge

To cperate the machine, the correct attachment is fitted.
A sultabls spring boaw (lead) is chosen and fitted. The required
crogshead speed is selected by changing the ves belt on the threeo-
gtop pulley. & 9uitable chart/crosshead speed ratic is chosen by
changing the chart spoed geurs. The chart paper ig fitted, The
ren heater is switched one The crosshead limit switches are
adjusted to limit the excessive mevenent of the crcsshead. The
teat sample is pPlaced con the attachment. The pen is lowered and
the crosshead gwitch is turned oun to forwards Yhen the sample -
faile the crosshead switch is turmed off. Otherwise the limit

gawitches will stop the ercasshead from further novenment.

4o%2 Radial Compressicn Tesgis ¢f Cowpea Stalk

Redial compression of stalk was carricd cul with the Monsanto

Tensometer W motorized universal tesiing rrachine. The varieties



81

TVX 3236, Ifc¢ brown and IT 985 were tested at threc moisture lovels
three lcading rates and three replicaticng, Zighty-cne samples
were crushed altcgether; 27 cf cach varicty, 9 ¢f which were tested

at each crosshead speed.

The test was performe! with a maximum lead of 300N for wet
and 600N for dry stalks and the chirt-cresshead gpeed ratic of
8:1. The chart spcced ratic and the maxipum force wore chosen fronm

1986 preliminary tcets,

The crushing force and defurmation were cltained from the
force~doefermation curve drawn by the automatic rcecorder, Predimneryy
test in 1986 had shown that a sample length of 20mn was adequate
fer the tests This longti: could be conveniently cut from scme
interncdesg of cowpea varictios used and also could fit the 25mm
compressicn surfaces of the testing machine (plate V ). Al
samples were of abcut 20mm long end were cut from the internode
of the main stulk of the cowpgen at a given moisturce content.

The first crushing toest was performel about 14 hours after harvest.
Tho harvested stalks were spread on a seecure wirce-netted house
corridor; and the samples for test were tuken at two intervals

of time. The test dates were 23th of October, 2nd of Novembor

and the 12th ¢f Novenber, 1987.

The cutting ¢of the specimens was very cerefully dcne. Using
a sharp knife the cutting wus perfomed with moderate pressurc
round the gtulk working towords the pith until the stalk was
conpletcly cut. This was ¢ aveid end cracks. OSpecimens were

cut and reasured just heforge the tests. The averase diameter
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c¢f the spceimens were umezsured by taking four ncasurements near
each end of the samplce Two reasurcments were taken at a planc
with cne taken ot a perpendicular directicn tc the c¢ther using
the 160mm venier calipers of O.1mnm accuracye In addition, the
exact length of the sample was nezsurcd. The moisture content

uf each soct of specimens was miasured during the testing period
by oven=dry method using 255 of the stalk. The moisture contents

of each variety at cifferent tecst dnteus were as fullows:

Table 4.1: Voriety moisture content at cach test dute ¢f cowpea

Stalk in radial comprcession

Mcist ; content ! % i
Test datos

Variety 28/10/87 2/11/87 12/11/87

TVA 3236 61.2 19.5 Te6
If¢c brown 61.7 20.1 T+9
IT 985 60.6 20,0 8.3
Mecan 6142 15.9 T.93
e Do 0.551 C.321 0.351

VK 3236 lost aoisture fastcr than Ife broym .nd IP 985. In

crder to maintain the same test dotes anl similar mcisturc
centent, TVX 3236 was harvested in tho batchcse One was harvested
on the 27/10/87 with other varietiss and tested on the 28/10/87.
The second batch of TVA 72%6 was harvested two days later on the
29/10/67 and kept in the shade of the house corridor. This second

batch was tested on th: tust dutes with Ife brown and IT 985
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harvested 2 days before (27/10/87). The drying pattern of these

stalks were studied in 1986 harvesting season and the same pattern

was again observed in 19087.

During each tesats loading and wnloading experiment was
performed for each variety and moigture content in order to

determine the degree of elasticity of the trial specimens.

4.85.3 Iest of Sbalk in Jmplc Bending

Tests in simple bending were carried out with Ife brown
variety. Ife brown was choson bgcause the dry stalk was more
woody than the other two vurietics. 4And the intornode at the main
stalk was long enough for cutting of 60mm stalk for the bending
tests. The stalk was cut as in the crushing test. The diameter
of the stalk sample was caleulated frowm four neasurements as in
crushing: test but in addition, the pith diswmeter was also measured

frow Loth ends of the strnll using venier calipers.

The Monsanto Tensometor WV was used t0 measurc tho force and
doflection in simple bonding. The sgtalk sample was simply suppor-
ted by two stwel plates mounted as shown in Ilate VI . The
bending forge wogs applisd using Sum diametar stesl rod. ‘The
supports were positiocned 50mum apart sc that the span of the stalk
under bending was 50mm long. “1he plates were held in pesition
with a thick sclletapye. The bending tust was carriced cut at three
moigturc levels and thoee roatos of louding allowing three repli-
cations in cach ecusce 7The moisture contents were 707, 22.55° and

7988ﬁ wb, and the rates of loading were 12.5mm/min, 25pm/min and
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5COru/riin

The maximum load used in the Tensomoter was 300N and the
chart speed ratio was 8:1. The tests wore carried out on thse 4Ath,
9th and 19th Hovember, 1987. The stallis for the test were
harvested on the 4/11/87 and kept on the house corridor to dry.

Toat samples were talen on thoe test dntes.

On each test date, loading and unloading trials were por-
formed in order 10 determine the degree of e¢lasticity of the

test specimens,

4.%.4 Megssurument of Ninimum Craecleings

Foree of rods

Instron 1026 toble model (Flate ITD was used for this test.
The Instron achine had ne accessories for spoed reduction and
compression. Honce the experiment was performed at the least
obtainable crosshead spowd of 50mm/min. Instron is preferred
in this cxperiment bocause the insgtrument cuan measure vory low
forces roequircd to crack the pods with sood nccuracy. Freliminary
tusts had shown that the forece required to break the pods was very

small.

The compression gadset of the lonsanto fensometor was uscd
for the meagurcment. The zadget was counected to the Instron
by the use of twe adapbers (shown in Pig 4.1) comstructed with

steal rods to exactly fit the upper and lower chucka.
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Fig. 4.1 Drawing of the cdapters for the compression o
unit used in Instron machine. [ A} Lower adapter (B) Upper adapter
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To.Prepare the machine for operation,2 lond cell of 50kg waa

installed and the compression gadget was fitted. The recorder

pen was zeroed wiing the push button and the cell was carefully
balanced and calibratced using o Skg welght. The callbration wos
done with the load selector switeh at 5kg end load cell carafully
balanced at tho zero point, Skg woight woas put on the load soneitive
table. The calibration control wos adjusted until the recorder

pon was at the extreme end of thu chart, Then 4:1 chart speed

ratic was selectod.

During testing the pod was carcfully inserted with tho mid
section betweon the two conprossion plates in such a way that the
pod suturcs werg vertical (platc VII )., The pen and crosshead
gwitch was then turned off. The minimum cracking forces of the
pods were revad from the strip chart drawn by the Instron recorder

on arollof graph papur.

This measurcment wasz donc for the three varicties of gowpea
(TVX 3236, Ifc brown and IT 985) at two luvels of moisture.
Becauge the pods could only crack at low wmoisturce contents, the
difference in tho ftwo ranges of meisture (meximwun 9.30%, minimum

6.98% wh) was gmall.

»

4+8.5 Uninxisl Compresgion of Grain

The uniaxial comprossion tests weroe performed using the
Mensanto Tensometer W with 300N moximum lecad and 16;1 chart speed |
ratic. The tests werc performed with three varieties of cowpes

at the grain meisturc content of 7 — % and thres rates of
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TLonding (12.5,25 and 50mm/min),

Grains for the crushing tests were hand-shelled and
randomly selected from healthy pods,  After the random
csolection they were [inally examined with the hand lens to
ensure that they had no cracks. Their length, width and
thickness were then measured with the micrometer screw
gauge e

During the test, the grain was held between the
compression plotes with a pair of forceps until the
compression began. The machine was switched off when the
grain cracked. The compression was in the natural rest
position of the grain on the long axis with the hilum on
the side as shown in fig 4.2. Four grains were tested
from each variety at cach rate of loading. Ilencea total
ol 12 tests were conducted for each variety and there
were 36 tests in all,

During the 1986 preliminary tests, readings obtained
with the Monsanto Tensometer YW at 50mm/min cross-head
speed, was cross-checked with the Instron Machine. This was
necessary becanuse grains required anall force to crack, and the
Instron machine is highly sengitive at low loads. The
accuracy of the Monsanto Tensometer W was found to be
adequate.

1.5.6 Laboratory Environment During Mechanical Tests

A wet-and=dry bulb thermometer was used to monitor the
Ltemperature and relative humidity of the laboratory during
the mechanical tests. The temperature of he laboratory
ranced botween 24 - 27°C and the relatis humidity between

27 ~ 48%.



Hilum

Fig. 4.2 Compressive test position of

grain
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4.5.7  Analygeg of Datg in Mochanigal
Property Measurcmont

Mochanical properties like stress and modulus of clasticlty
of the teat epeciions wer. calewlated from the measurod foree and
deformation/defleotion and the Jimeonsione of tho spocimeng for
varicus experiments using the computer Micrvetat fackage programnngs.
Alsc the lineur rogrossion, snealyses of voriance and Duncnn's new
multiple range test wore done where necovssary with thoe computaor.
Senple cnlculations of the mechenical properties are presented

in Chapter 5.

4.6 Whole ghoot Throghing Trinlg

4.6-1 TUE‘t Threslm

IAR cowpetr pod thresher designed in the Agricultural

dngincering Department of Ahmadu Bello University wag usod for

he tests. Its cylindor contained 16mm long, 16nm diamcter
eylindrical spikes xde Treit dot-rolled steel rods. The
cylinder was made up of s3ix spike bars, cach containing 16
spikes in two staggered pows of eight per row. The machine
wag also provided with a blower. Both the blower and the
eylinder were powerod with 1.49 kW olectric Lotor which trans-
mitted average speods of 320 rpu and 470 rpm to the cylinder
and Tan spindles regpectivoely, at no load using " belts
and pulleys. The thresher is shown in Flate VIYI and its
gpecifications is given in Table 4.2. The frame was node

of welded 38.2 x 38.2 x 4 mild ofeel angle iron.
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: Table' 4 .2 Con'bda

Ltem

Concave grate

Fan housing

Fan blade

Fan diameter
Fan speed
Air channgl

Jieve
Driving power

Motor shaft specd
Main drive pulley
Pan pulley

Cylinder drive
pulley

Cylinder pulley

Specification

Circular holes 2.%um apart,
2 oigest 8 and 10mm dia

Circular

Straight type, rectangular
200 x 156mm, 4 in number

438 mm
647 m/min (470 rpm)
Reetangular, 275 X 80mn

Cirecular holes, 2.5mnm apart;
2 sizes: B and 10mm die

1,40kW (2 hp) electric
motor

1490 rpm
8imm dia

275nn dia

131 mm dia

195 mm dis
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The hopper, lowor cylinder housging, chaff chute, grain chute
and fan housing were nade of 1.5mm hot-rolied flat stecl,

The blower or fan housing was circular with o reetangular
horizontal air discharge duct poaiticned at ite lower part.

A centrally mounted fan rotatcd freely in the housing on 2/4mm
dianeter shaft made of hot-rolled iron red. The fan was made
up of four straight rectangular fan bledes constructed from
1.5mm flat steel and bolted un 25 x 4dum stecl bar suvupports.
Beside the concave grate, the thresher had o siove positioned

on the grain pon. .

Although there was no recorded evaluaticn of its perfor-
manes, the Iall cowpea pod thresher was a popular tachine for
threshing cowpea pods arcund Zaria, The throshoer wous so
offcetive that it was boeing constructed in the Department of
Agricultural Bngincering Workshop for sale to farmers. But
the harvest problem still romalned sinee the farmers had to
pick the pods frowm their farms before threshning. It was on
this bagis that the throeshor was scelecetod for whole shoot

throghing trisls, and subscquent modificution,

4.2

Whole sheot threshing trinls of cowpea was performed
using seven varictiez ot the 242lk, ped and grain meisturs

content shown in Table 4.3%.
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Table 4.3 Vayioty end mbls.wwmni,_gi
evecimens for whole ghool throshing triala

Variety Stalk Pod e bradin
TVX 3236 5+ 90 6.74 T14
Ife brown 5e40 6.60 | 6.59
IT 985 5.63 6.31 6.72
IT 60 5e11 7.09 6.75
Samaru 48 5.05 T.35 8,05
Samaru 341 .39 £.91 6.77
Local White 5,70 6.390 6.67
Mean 5.45 6.9 6.96
3.D. | 0.511 0.245 0.513

During the tests 10kg of material (stalk and podas) were
fed gradually into the rumning machine until the grains ceased
to drop. The time taken for the operation was recorded with
a stopwatch. The weight of threshed grains, chaff in grain,
unthreshed grain, damaged grain and the remining resgidue in the
machine concave were recorded. Irom these, the feed raté;'thresher
through=-put, -threshed grain, kg/miny % chaff in grain were calculated

uging the formuwlac discussed in Chaplexr 3.

When the machine stopped before the end of the trial as
happened with some varicties, the time of operation was noted.
The remaining materinls were welghed. The materials obtuined

from the machine werc fed back after weighing.,
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The machine was run untll no grain droppeds The rosidue was
then cellected and weighed. Before the operation, a tachometer :ij! 
wes used to measure the specds of the motor, fan and cylinder

shafts at no load.

A germination temt was carried out with the grains to deter—
mine the percentage internal damagc. A hundred grains were :
randomly selcected from cach of the sceven varietioss The grains
ware oxamined with a huand lens to consure that thoy were hoalthy
and without cxternal cracks or bruises., Thoy were then sowced
in well-prepEred regularly moistened flat sccdebeds. aftoer
twe woeks the sprouted geedlings of cach varicty were countod.
The seods which apparently failed to sprout were dug out and
examineds Those starting to gorminate were countoed among the
germinated scods, The numbor of sceds that failcd to gurminate

out of the hundrced, woes taken os the porcontaze damagoed internzlly.

The performence of the 1Al pod thresher during these trial
tusts and the determined physienl and mechuanical propertics of,
cowpen, formed the basis for the redesisgn of the machine presonted

in Chapter 5.



Chapter 5
REZVLTS D DIZCUSSION

Set . Introducgtion

The resclita of the cuperinen 8 reported in Chapter 4 are
priesunted and discussed in this Chapter. ‘he prusentation of
the results is nainly in teboleor forn, with some graphie and
pictorial illustrations. The mochaniceal propertics and threshiﬁg
raranoters discussed hore, werecalculated by the application of
the matheratiezl formilae presented under Theorctical Considera-
tions in Chapter 3. In all casos, statistical analyscs were

applicd 10 covaluatce thu results.

Somelpropertius of the studicd cowpea variptics that arc
relatod to whole sheot throeshing vre sumanriced znd the character-
isties of cowmea vari.ty guituble for wechanization generally
discusseds finally the r.Qosign ¢f the I A 3 pod thresher to

gdapt 10 to whole shoot throcshing, is preacnted and discusscd.

5e2 Shysicsl Iropertics

The sige measurcoent of cowpen grain and pod pericary

thiclkness are sumeerized in Tables 5.1 to 5.4,

Be2el hernel Size Mosgurcuents

Tuble 5.1 shows tue average kornel sizo waeasurgsonts for

guvon varictics of cowpdne The voriation in tho kernel sizoe was

99



Table 5.1:

geven varieties of cowpea

100

Average measurements of kernel size of

Variety Dinmensions Mean 3.D. Range 95% conf. int.
- {(mm) for mean
TVX 3236 Length 6.36 Qo427 B.50-7.58 6.28=-6.45
Width Hald 0.327 1. 46=6497 5.18-5.31
Thickness e 00 O, 254 3-51“4-60 3-95"4-05
Samaru 341 Length Te69 0,793 6,16-9.92  7.5%3-7.84
Width 6«02 C.574 4.81-7.84 5e30=~6.13
Thicknoess 4,30 0,375 Beld=5.11 4.22-4.37
Ife brown Length 7. 90 0. 902 £.38-10.2 7.60-8.10
Thickness 4444  0.381 3.%33-5.38  4.30~4.52
I% 60 Iength Ee14 C. %09 5¢29-10.4 T.96--8.32
Width .19 0.568 4.76-T7.78 6.08-6.31
Thickness 4.85 0.407 B 135558 4.76-4.9%3
Samaru 48 length £.49 0.846 Te21=1147 8.33-8.66
Width .69 0. 440 5.75=7 .86 6.60-6.77
Thlckﬂess 4:21 . 0-386 3.34“-5.08 4-14"4.29
Local Vhite Length 9. 08 0.806 Te2d4~11 a1 8.92-9,24
Width T dd 0.620 5.62~9,06 Te32=T4 857
Thickrness 5.32 0.612 G4 Q7=Ta 22 5, 70=-5,895
IT 985 Length 9018 00698 70"15"‘“1008 9.04-'9-31
Width Te39 0.425 5e835-8.58 7e31-T7.48
Thickness 5042 0.366 4-09""6025 5.34""5.49

tNumber of measurements per dimension per variety =

Total number of weasurenents per dimension

= 700

100



101

(/4 Bf"n R

very highly significant (at 0.000 all varicties as
indicatcd in Table 5.2. 309346

The 95" eonfidence interval for the mean which gives the
size interval that will allow zbout 95 of thc grains to pass
through a sicve without damage is shown in Table 5.1. The IT 985
and the¢ local white varictics which (ave the highest values of
interval 9.04 - 9,31 and 8,92 - 9.24 rcspectively, werc among
the largest size of cowpea grains being cultivated in the country.
It therefcore becomes reasonable to limit the thresher conecave
sieve size to 10mm fer the varictics with large grains and Tni

for the varictics with small grains.

The shape of cowpen grain was determined in this study by
approximating it to an cxisting geometrical shape (as discussed
in Chapter 4). The grains of many varictics of cowpe: werc found
t0 be approximately e€llipscidnl in shape. Helces on the sieves

should be elliptieal, or four casy construeticn, circular,

The Dunean's new multiple range test (Table 5.3) grouped
the seven cowpea verieties inte five according to their grain
sizc. This grouping aided the sclection of the three varietics
used for meuchaniezl tests. The Table shows that the difference
in the sizes in the same grouping,is not significant at 0.05
lgvel, which indicates that the same threcsher gicves will be

adequate for the grains ¢f the same grouping.
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Table 5.2: Summary of the analyses of variance
of kernel size’

Il sty [er—,

Source of Degree of P oratio o
variation freedom Length Vidth Thickness
Total 699

o N S % 3
Variety 6 133,07 %  255.55 273.86 ,
Residue 693

+Analyses of variance perforred on mean measurensnis
{on Table 5.1) from 100 test samples of cowpea kernel
from 7 varieties of cowpsa.

*E* significant at 0.0001 level,



107

“ - 1 ] +
TAle DeB3: Ma'n effcet of variely on cowpen kernel size

Varicty Length Hidth Thickness
TVX 3236 6.36 a 5.2 a 4,00 n
Samaru %41 7,69 b 6,02 b 4,30 b
1fe brown 7.90 1 6.06 be 1,44 ¢
IT GO 8.14 ¢ G.19 ¢ | 1.85 q
Samaru 18 8.19 6.69 aQ 1.21 b
Tocnl vhite 9,08 ¢ 71 ¢ 5.82 o
I 985 %.18 ¢ 7.9 © 5.42 ¢

+ *
ach v lue is o wean of 100 measwrenents

In cach eclwmin, mean vialues with the same letter are

not signilicantly different at 0,05 level as determined

by Ducan's new amultiple range teste



5.2.2 Pod Pericarp Thickness

Table 5.1 shows the average pod pericarp (hull)
thickness for three varictics of cowpea. Analysis of
variance showed that the difference in pericarp thickness
in the different varicties is very highly significant,

It was observed that the pericarp thickness was closely
related to the shatter losses in the field, Cowpea with
very thin pod pericarp, easily shattered at high sunshine
when dry,while those with thick pericarp (such as IT 985)
did not shatter in the field (see Table 5.5)}. It will be
shown that the pericarp thickness is also closely related
to the minimun force required to crack the pods during

threshing,

5.3 Mechanical Properties of Cowpea

Measnrements of the mechanical properties pf cowpea are
suman cized in Tables 5.6 to 5,49 In cach case the lorce and
deformation/deflection were measured directly with instruments
as described in Chapter 4. The Poisson's ratios were |
estimated. The degrees of elasticity, strain, stresses and
elastic moduli were determined for various experiments
following the theoretical considerations presented in
Chapter 3. The calculation procedures for some of the

mechanical preperties are illustrated in Appendix G.
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Table 5.4: Average pod pericarp thickness for three

varieties of cowpea .

Pod pericarp thickugsg, mm No. of
Variety Mean Sl Range cased
TVE 3236 043456 0.158 Oe11 -~ 0,97 150
Ife brown Q0.425 0,265 .11 = 1.19 150
IT 985 0.824 0. 231 0u35 ~ 1.42 150
Entire wop. 0.532. 0.292 Cu1t = 142 450

Table 5.5¢ Percentage field shatter losses of three

varieties of cowpe2

Moisture content, Shatter losaes,*
Variety %a Wb %
Pod Grain
TVZ 3236 £.70 6.81 31
Ife brown 667 663 18
IT 985 6 .80 6+70 NIL

* These losses occurred by natural shatter'of the

pods, no handling.
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5.3.1 Determination of Degree of Elasticity,f

and foissan's Ratio, M, of Cowpea Stalk and

Grain

‘the degree of elasticity, was determined from loading
and unloading tests performed for each specimen variety
and moisture content. ‘The degree of elasticity was
calculated as illustrated in Fig 3.2, An experimental
sample graph for determination of degree of elasticity of

cowpea stalk in radial compression is shown in Fig §.1.

The moisture content and variely were Lhe two most
lmpertant factors affecting the degree of clnsticity,
with the moisture content having greater influence,
Henee diflepent values were obtained for different
varieties al different moistwre levels for the cowpea
stalk., But for the grains which were approximately at
the same moisture level, the degree of clasticity of

OO was ohtained,



Force

Deformation —

D D,
‘_E+ 1 A = 100D /D

100x 3,12

—¥

4
78°/e

Fig. 5.1 TYPICAL EXPERIMENTAL LOADING AND UNLOADING CURVE FOR

DETERMINATION OF DEGREE OF ELASTICITY OF COWPEA
STALK IN RADIAL COMPRESSION.
Variety = IT985 MC. < 10°. wb
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The determination of the Poisson's ratio of
biomaterials is usually very involving., Trials with
available instrunents did not yield acceptable results.
In the abscnce of adequate instrumentation, it wa;
decided to choose appropriate values of Poisson's
ratios for this work congidering the values for
similar materials reccorded in literature, Consequently
a Poisson’s ratio of 0,39 was chosen for stalk in
radial compression and 0,33 for grain in uniaxial
compression. The chosen Poisson's ratio of cowpea
stalk Calls within 0.3 -« 0.5 which is ithe range of
'oisson’s ratio o wood (Molsening 1570}, The
Polsson's rolio of mnize «stalk was given ny 0,34
{(Prince and radway, 1369) and maize cob 0.35
(Annzodo nnd Chikwendu, 1983), ‘ihe choxen value is
rensonnble since cowpea statk bas less air spaces

than 1he maize stalk nnd coh,

For grain, Mohscnin {1970) gave the Poisson's ratio
of maivze as 0,32, Misra and Young (1981) assumed a
Poisson's ratio of 0.4 for soyabean grain bascd on
the fael that the elaxtic modulus calculated would
change by only about 1+ 10% if the Poisson's ratio
varied from 0,25 1o 0,19 vhiieh is the roanze of Poisson's

ratio for the agricultural prroducts (Molisenin, 1970),.
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5.3.2 Mechanical Properties of Cowpea Stalk in

Iindial Compression

Tables 5.6, 5.7 aud 5.8 show the mechanical
properties of three varieties of cowpea stalk in radial
compression at three loading rates (crosshead speeds)
and thrce moistuwre levels.

From Table 5.8 the mean crushing strain of cowpea
stalk was oblained as 0,099 (8.D. 0.024), mean clastic
modulus as 30.4 MPa (5.D. 4.93) and crushing strength
as 5,10 MPa (S.D. 1.18), at 7,9% MC, wb and 25mm/min
rate of loading. |

The Tables show the eflfect of the variety, moisture
and rate of londing on The mechanicol propertics.

The nnnlyses of vorinncee sunmarized in Tahle 5.9,
indicate that the difference in crushing stirain in
different varieties was significant at 0.01 level while
the differences in elastic modulus and crushing
strength were not significont. Variations caused by
the moisture content was significant at 0,05 level with
the crushing strain and elastic modulus and at 0.01
level with the crushing strength. While variations by
the rate of loading was significant.nt 0.05 level with
the clastic modulus and at 6.01 level with the crushing
strength but incignificant with the crushing strain.
The interaction between the moisture content and the
rate of loading is significant at 0.01 level with the

crushing strain and crushing stroength,



Table 5.6: Mechanical properties of three 5-:0.33 of cowpea stalk in radial
noamamnauoz at three loading rates and 61.2% moisture content, wet basis™

. Measurement
Loading

m rate, Variety Stalk dia., 20, Crushing force, Crushing Strain, LElastic modulus, Crushing
mm/min . €. Strength,
mm F.s N = E, MPa T P
Mean S.D. Mean S.Ds Mean SaDs lean S.D. diean S.D
T¥X 325 6.78 1.05 99,5 22.5 0.10 0.03 19.4 5.33 3.21 0.251
19.3 Ife broon 7.66 0,308 67.3 18.1 0.068 0.006 18.9 .80 2.51 0.821
IT 985 2,43 0.835 69.2 17.8 0.034 0.702 20.7 5.07 2.36 0,513
ntire pop. 7.96 1.36 78.6 25.1 0,074 0.026 19.7 4.52 2.69 0.634
mwxX 3% 6.63 1.34 82,7 54,2 0.097 0.015 15.2 4,94 2.54 0.966
Ife bro:mn £.82 1,99 102 36.6 0.079 0.006 19.6 0.70 2.86 0,053
a5 IT 986 Sed7 1.2 2,3 3847 0.07C 0.016 17.5 5.88 2.37  1.43
Tiire pop. 8.70 1,68 89 39.2 0.082 0,017 17.4 4.50 2.5 g.7v4
TVX 32356 6.55 0.804 111 8.74 0.113 0.017 19.1 2.95 3.49 25
Ifc brom  £.935 1.45 85.7 34.1 0.080 0.013 165 G.84 .48 1«9
50 IT 985 Ce1d 04636 %0 8.23 0.062  0.008 25e5 6436 2,80 . 0%
tire pop. 8.21 1.54 95 93, 0.086 0.026 19.7 5.81 2.95 0.8

+ Tach value is a mean of three tests. There are ninec tests per population,
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Table 5.7:

Mechanical properties of three varieties of cowpea stalk in radial

compression at three loading rates and 19.9% moisture content wet basis”
Loading Measurement
rate, Variety .
mm/min Stalk dia., 2R, Crushing force, Crushing strain, Elastic modulus, Crushing
e F, N E, MPa Strength,
‘ der MPa
~ Mean S$.D Mean S.D. Mean S.De Mean S.Ds Mean S.D.
- TVX 3236 6.58 1.09 101 6.81 0,01  0.014 2045 2,17 3.42 0.128
) Ife brown 8.50 0.265 98.0 12,4 0.088 0.006 17.9 1.37 2.62 0.343
12.5 IT 985 7.30 0.872 80.5 17 .4 0.072 0,009 21.3 3,75 2.94 0.70
Entire pop. 7.53 1.09 93.3 14.8 0.087 0.015 19.8 2,74 2.99 0.568
T™WX 3236 6.60 0.361 125 12.0 0.099 0.016 29.6 4.05 4.24 0.231
o5 Ife brown 8.72 0,416 137 10.0 0,087 0.014 24,0 3,33 S.69 0,208
IT 985 7«33 0.751 97.2 9.57 0.087 0,015 20.0 1.21 3.08 0,232
Entire pope 7.62 1.03 120 20.1 0.081 0.014 23.2 3.67 3867 0.537
TVX 3236 6.56 0.680 197 90.1 D.104 0.012 35.4 10.9 6.19 2.20
Ife brown 8,65 0.377 170 53.3 0,078 0,015 36.8 14.8 5.17 3.53
50 IT 985 7.80 0,90 96,0 5. 96 0.06% 0,019 27.0 T.60 348 0,409
fntire pop. 7.67 1.09 154 69.3 0.084 0.021 533.1 10.9 4455 1.84

+ Pach val

qe is a mean of

three tesis,.

There are nine tests per population.



5.8: Mechanieal properties of three varieties of cowpea stalk in radial

o
- compression at three loading rates and 7.9% moisture content, wet dmmwmw.
Loading Measurement
rates Variety= Stalk dia, 2R, Crushing Torce, Crushing strain, Llastic modulus Crushing
mm/min mm F., N & E, MPa Strength,<f,
Mean 5.D. Mean S.D. Mean S.D. Mean S.D. *Pa
Mean S,D.
12.5 TVX 5236 6.57 1.06 127 26.0 0.121 0.00Z i9.9 1.10 3.79 0.247
Ife brown 8.73 0.473 1235 26,8 0.098 0.006 19.2 2,11 3,21 0.%39
IT 985 53.98 0.166 95.7 5.86 0.092 0.008 23.7 3.90 3.76 " 0.423
Entire pop. 7.10 1.38 116 24.3 0.104 0.015 21.0 3.09 3.39 0.435
TVX 3236 6.48 0.625 194 31.4 0.121 0,012 31.0 6,58 5.84 0,858
25 Ife brown 8.50 0.32 202 74.4 0.098 0.029 31.6 0.819 5.28 1.10
IT 985 6.28 0.155 . 103 20.0 0.079 0,005 28,5 G6.70 4.17 1.07
Entire pop. 7.09 1.14 166G 63.9 0.099 0,024 30.4 4,93 5,10 . 1.15
TVX 2236 G.49 0.807 295 47,7 0.099 0.031 65.0 26,5 10.3 2.16
50 Ife hrovn 8,77 0.495 290 95.5 0.082 ¢.018 56.7 35.74 S.47 1.98
IT 9835 5,98 0.410 109 21.2 0.066 .02 11,6 5,79 5,30 0.457
tire pop., 7,08 __1.59 a3 106 0.082  0.025 54,5 17.5 8.02 2,64
+ Zach value is =z wean ol thiee tests, There are nine tests per population,



Table 5.9:
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Sumnmary of analysaes of variance on effeets of

variety, moisture content and rate of loading

on mechanical properties of cowpea stalk in

radial compression.
Source of Degree ¥ ratio .
variation of Crushing mlastic Grusiing

fregdom agtrain modulug gtrensth

Total 80 C
Variety 2 30, 352%# 1,0209 ns  2.7226 na
Foisture content
(¥MC) 2 34293 343953% 13.8474%%
Rate of loading 2 2+559 ns 3.4767# 9.8744»%
Replication 2 0.52380 ng 1.14173 ns 0.86673 ns
MG X Variety 4 0,8004 ns 0,9929 ns 1.0820 ns
MC X Rate 4 Be TTOARF 2,1636 ng  4,0251 #*
Rate X Variety 4 0.7961 ns 1.0%59 ns  1.7%776 ns
MC X Hate x Variety 8 0.4629 ns 1.0134 ns 1.0813 ns
Regidue 52

Ap—

#* Gignificant at 0.0t level

* Jigmificant at 0.05 level

ng lot significant 2t 0.05 level
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This interaction shows that the effect of the loading
rate was significantly different at different moisture
level for cowpea stalk in radial compression, Other
interactions: ratc of loading X variety and moisture
content X rate of loading X variety werc not

significant.

From the examination of the £ -« d curves of the
stalk in rndial compressiony it was found that the
cowpea stalks hnd no bioyicld point. A typical \

f - @ curve of stalk in radial compression from the

tests is shown in Fig 5.2.

5.3.3 Mechanicenl Properties of Cowpea Stalk

in Simple Bending

Table 5.10 sbows the effects of the moisture
contenl and the rate of loading on the mechanieal
properties of cowpea stalk in simple bending., It was
found that the mechanienl propertics increased with
decrease in moisture content and inercase in the

rate of loading.
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Table 5.0 £ffects of moisture content and rate of loading on
mechanical properties of cowpea Stalk in simple bending®

Test _date

4/11/87 9/11/87 _19/11/87
3talk =oisture 76.0 22.5 7.88
content, % wb : )
Rate of loading, 12.5 25 50 12.5 25 50 t2.5 25 50
ves/min s
Stalk diameter, 8,57 922 99N 7.8 8,20 8.50 6.90 6.80 7.55
d, m=
Hollow pith dia, 2.02 178 1,87 1.751.79 188 1.75 1.64 1.98
@.ou i
Frx. bending 21,8 38.7 68.0 60.1 75.2 99.0 86.2 105 126
forece, m.da N _
Hax, deflectior, yf , 1.5  1.88 2.44 1.52 1.85 1.75 1.5t 2.04 1.00
- _
Degree of cslasgticity, 32,9 47.5 , 62.0

B |

Slastic modulus, E, 393 498 483 1220 1160 1440 2320° 2380 7810
MPa .

Bending strength, &M_ 4.26  6.17 8.62 16.4 18.8 21.5 34.4 44.6  37.2
kPa

*Each value is the mean of three tests. Variety-Ife brown. hommwmm span
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Thoe analyscs of variance (Uzblc 5.1 1) howaever shows that the
loading rate did not significantly effect the mechanical propor-
tics. While the moisture content significantly offccted the
properties at 0.01 logvel., Using Duncan's new mulbtiple range
test (Table 5.12). It was found that the ¢lastic modulus ot the
lowest moisturc content (7.88 wb) was significantly higher then
thosc of tho other two moisture lovels (22,5 znd 707 wh) at. .0,05
loevel, While there wag no significunt dlfforcnee hetween the
values at the two highor moigsture levels., All the mean crushing
strength at the three moisturc levels (7.838, 22.5 and 707 wb)

wore significantly diffvrent ~t 0.05 Lovel.

Under the rate of loading, only the mean clagtic modulus
of the highost rote (50m/min) was significantly difforent ot

0.05 levil, 2ll other values were not significant.

Fig 5.3 shows thoe force-deflection graphs of cowpea stalk
in simple bending at tarce lovels of meisturc. It was observed
that at high meisture content (V0 wh) thu stalk roquired very
smill foree to bend and eoncinued to vund ot & constart foree
without branking. At intermcdicte moisture (22.5, wb), the
stalk rogquired a higher force to bend tnd continucd o bend for
gom: time at o consgtant fores hefors brenking. Bub the dry
gtalk (7.88 wb) wowld ruquire the !ishieBt foree to bend hut
would broalk instontly ot the wnaxisuaw bonding force. This bohne-
viour of cowpen stoll, as will be seun latar, wos very ugeful

in the design of the vhele shoov thresher.
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Pable 5.17: Sunmary of analyses of variance on
effects of moisture content and rate
of loading on mechanieal properties of

cowpen stalk in simple bending

Source of Degree of I ratio

Bending
variation . frecdom Elastic modulug stongth
Total 26
Moisture
content (MC) 2 Be4BTH* T 664 %%
Rate of loading 2 2.711 nsg 34334 ns
Replication -2 1.186 ns 0933 ns
V¢ X Rate 4 2325 18 2.61 ng
Residue 16

*#%  Bignificant uv 0.901 level

ns  lot significunt at 0.05 level
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Table 5.12: Main effects of moisture content and rate

of loading or stalk mechenicel properties

in sinple bendidg+

——— e — W e — - wamw - - e —

Test date Jtalk lilagtic Bending
weisture content modulus, strength,
% Wb MPa MPa
4/11/87 70.0 158 a 6.35 a
9/11/87 22,5 1273 a 18.9 b
19/11/87 7.88 4170 b 38.6 ¢
Rate of alastic Bending
loading mn/nin nodvlus strength,
MPa iPa
1245 1511 a 19.1 o
25 1346 a 23.2 a
50 3244 b 22.4 a

*Hach value is the mean of nine tests.

In cach column
means with the same letier are not significantly
different at 0.05 level =s determined by Ducan's new

multiple range test.
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7.88°%/s Wb

80 225%.

Force, N

40}- 70 °/o

0 =1
0 1 2

Deflection, mm

Fig. 5.3 Typical force-deflection graphs of cowpea stalk
in simple bending at three levels of moisture

Variety : Ife brown, loading rate: 25 mm/min
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5-314 Mininun Cracking Forge of Fods

Table 5,13 gives thoe offoets of variety and moisturs
content on the minimum cracking ferce of the cowpea pods. It
was found that the minimwa cracking force of WMWY 3236 was
7.258 (5.D, 2.31), Ife brown,13.00 (8.D. 3.80) and IT 985, 29,0
(S.D. 4.76)

The anolysis of variance (Table 5.14) shows that the effcctis
of varioty ond meisture contoent on the crecking foree wore vory
highly significant at 0.01 leval; IThe influence of meisture on
pod cracking force was very high, little moisture differences
created highly significant difforences in the cracking force. .
Cowper pod cracked casily at low woizture contents of about 10;-
wb and*bolows Thoy did not revadily crack at higher ‘moisturcg,,

When the moisture content was about 205 wb, the cowpse

Pod did not crack but tended to crush when force was applisd,

Bocauae of the pod high sonsitivity to meisture, it was
posaible 4o dovelcp a2 rogression model for predicting the
Riniman cracking force from the moisgture contont for the threc
- varieties of cowpea testod. The regresaion models arc stated in
Table 5.18% Phe models orc relisble as oan be seon from their
high probability =and ccrrelaticn ccefficionts, r,which rangegd
between 00,8253 for IT 935 to 0.9106 and 0.9395 for the Ife brown
and TVL 32%6 respeetively.

It was observed (Lablec 5.16) that the minimum cracking

foree was closcly related tc the pod pericarp thickness.
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Table 5.13{ The effects of variety and moisturc content

onn the minimum cracking force of cowpea pods

Moisture TR B B
Variety content, Lﬁgggug_gréqblih ﬁgrcﬁf .
% wh Mean SeDe CJ;ES
TVK 3236 9.30 9433 0. 937 6
T+25 el 0,708 6
Entire variety Te25 2e31 A2
Ife brown 8,98 173 1+55 6
7.15 10.3 0.6€3% 6
Entire variety 13.8 3.80 12
IT 985 9.21 3247 327 6
6.98 252 2.28 6
Entire variety 29,0 4.76 12

Entire POD. 8.15 16 17 9.92 36
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Table 5.1 : ASwaaary of orcalyais of variance on effects

of varietr andl moigbture contant on minimum

ceccking, oves of cowpea pods

Jource of v-oriaiion gij:;:m ﬁininﬁﬁgiﬁﬁﬁﬁiﬁgﬂﬁ
force

Totel 75

Variety 2 354,451 wwe

Moisture content (iiC) 1 100,447 ###

Rerlication 5 0,825 ns

MC X Variety 2 2.206 ns

Residue 25

kW . .
Highly significant at
0.1 level

e ot significant at

0.05 levecl,
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Pable 5.15 Regression of the ~inirum cracking foree (F)

of cowpea pods on »nisturs content:

. Corre-
Variety Regression equation S.5. of iaticn
Lstimate F Frobability Cocff., r
TVE 3236 F = 2.0285 EC - 9.538 €.8303 0.00001 0.9395
Ife brovn = 3.7905 MC - 16.76E9 1.1906 Q. CQCoC C.9106
IT 985 F o= 3.3722 EC + 1.6£21 2.3181 C.0009% 0.8253
0 = Mcisbure content (& wb), 6.9 < HC < 6.5

Table 5.16¢ Relationship between pod gericairp thickness and minimum cracking

force of pods ir three varidiies of covoea

Veriety Pod pericarp thickness, o Vini-unm crackins force, N
Ho. ¢t Nunber of
Fean S.D. Cases Fean _3.D. Cases
TV 3236 0.346 0.158 150 Te25 2421 12
ife brown 0.425 0. 265 150 135.8 3.8C 12
IT 965 0.824 C.231 150 28.0 4,76 12




The variety with thin pod pericarp (TVX 3236) had
low minimum cracking force. IT 985 with thick pericarp
exhibited high cracking force, while the Ife brown with

intermediate value fell inbetween.

5.3.5 Mechanical Properties of Cowpea

Grain in Uniaxial Compression

The mechanical propertics of cowpea grain in
uniaxinl compression is recorded in Table 5.17, The
Tahle gives the mean crushing force of cowpea grain
as B9.3N (S.D. 24.7) and mean ¢lastic modulus as
1454 NPa at 7.5% Mc, wb. This value is comparable to
the elastic modulus of soyabean which was stated by
Misra and Young (1981) ns 435,8 MPa at 7.22% wb

moisture content.

Analysis of variance showed that the effect of
variety on the elastic modulus of cowpea grain was not

«ignificant at 0.05 level,
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Table 5.17: Effects of variety and rat: of loading
0

n nechanical properties of cowpez grain

. L .+
in uniaxial coppression

Variety Population
ﬁdMJMmum Ife brown IT G685 Mear S0
Grzin neisture 7.47 7.50 T.63 T7.53 C.CeS
contecat & wb
xmwm.& loading, 12,5 25 50 12.5 25 50 12.5 25 50 29.2 16.5
ne/nin
slagtliec amwowmi = - ! =z . - :
e
Crushing
H,.UH.-G@- .w.n.ﬂu H” Wbow \0._.-.# WAlu mmlm “UM...._W m#.m m.hu_oo mb..omu .ﬂmcw mw.u M..n-..u‘«
zlzgvic ; \ "
Fodulus, &,Mfa 4492 452 407 509 517 459 429 <70 403 454 94.0

+ : _
Bach velue iz 2 .e.n

of four tests. The compression was alons the long axis of the

srain with the hilui out on one side, at 7.5% moisture content, wet basis,

*

L

D = ub\aoo.mnm

Os
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Effects of Variety, Moisture Content and

Rate of Loading on Mechanical Prapertics of Cowpea

In the experiments, it was gencrally found that

the mechanical properties increased with decrease in

moisture content and increase in the rate of loading.

The effect of moisture content on mechanical properties

was found to be statistically significant in all the

experiments, The propertics

moisture content,

increased with decreasing

This is in agreement with the

findings of other researchers like Zoerb and llall

(1960}, Shelef and Mobsenin (1969), Saxcna (1972),

Paulsen (1978) and Anazodo (1980),

The relationships

hetween properties and moisture content were found by

regression analges (Tables 5.15, 5.18 and 5,19 and

Pig 5.4 - 5.5) to be linecar,
ships gave simple regression
the mechanical properties of
the erushing strain

E -

The elastic modulus

0.09457 - 0,0002337MC

E = 34.5236 -~ 0.2704MC

and Lhe

& -

cerushing strongth

85,4377 =~ 0.04651MC

These linecar relation-
models for predicting

stalk in radial compression,

5.1

e 5.3

at moisture content between 7.6 and 61.2% wh,

......
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Table 5.18: Regregsion of mechanical propertics of cowpea

gtalk in radial compression on moisture content

3talk moch, ' Rogresgion Corr.

property cquation coef., T
Crushing g . «0.9245
. S'hra.in, 8@ = 000945?-00 0002341‘[0
Blastic
modulug, E = 34.,5236-0,2704MC ~0, 9099
B, MPa
Crushing
s'trong%h, Gz = 5.4377=0.04651MC -0.9102
- a )

MC = moisturc content % wb, 7.6 <MC<81.2%



Table 5.19¢
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Regreasion of moechanical propertics of

cowpoa stalk in simple bending on moisture

conbont
Stalk moch. Rogresaion Corr,
propoerty equation cocf., T
Blagtic E = 73614.6846~49.243%4M¢C
modulus, -0,8198
E, MPu
Bending " " S
strongth, g = 36.5492-0,4562MC -0.9115
01.,! MPa

MC = moisture content, %wb, 7.887<MCL£705
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Fig. 5.4 EFFECT OF MOISTURE CONTENT ON 'ELASIIC MODULUS

AND CRUSHING STRENGTH OF COWPEA STALK N
RADIAL COMPRESSION. Each point is @ mean of 27 tests.
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Fig.5.5 EFFECT OF MOISTURE CONTENT ON THE ELASTIC MODULUS AND
BENDING STRENGTH OF COWPEA STALK IN SIMPLE BENDING.
Each point is a mean of nine tests
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For estelk in simple bending, elastic.nodulus
E = 3614.6846 - 49,2434 MG - == 5.4
and bending strength
dE'= 3645492 = 0..562 MC - = = 5.5
at moisture content between 7,82 and 70° wb.
There was linear relationship betyeen minimum cracking force

of pods, ¥, and moisture content, MC as follows:

F = 2.0285 MC - 9.538 - = = 6,6
F o= 3.7905 MC - 16,7629 - - = 5.7
F = 3,3722 MC o 1.6621 - = = 5.8

For TVX 3236, Ifc brown znd IT 985 respectively at meisture
content between 6.9 to 9.% wh.

The rate of loading was found to :ave significant cffect
on some mechanical properticvs, whilec the variety had no signifi-
cant effcet on most mechanical propertics of cowpea. In summary,
moigturc contunt was the most influoncing factor on nochanical
propertics of cowpen, followed by the rate of londinge The
gffect of variety was mostly ineignificant. The effect of
loading rate on the elastic modulus and crushing strength of

cowpea stalk in radial compression is shown in Fig 5.6.
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Fig.5.6 EFFECT OF LOADING RATE ON ELASTIC MODULUS AND

CRUSHING STRENGIH OF COWPEA STALK IN RADIAL
COMPRESSION. Each paint is ¢ mean of 27 tests
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Sett. Threshing Trials and Redesign of

Dod Throxhor

Nelod Introdunetion

vhiole choot (hreshing trials vere carrvied oul using the
TAD ped flhiresher as discussed in Chapter 4, The thresher was
solected beenuse of fts cflvctiveness in threshing cowpea podsd
But the problem of pod-picking as a harvesting method,had to be
solved. Hence it hecame necessary to redesign the pod thresher
to handle the entire crop shoot., This would change the
harvesting system from the tedious pod-picking to cutting of
cowpen stalk which is a mueh lipghter job, and can also bhe
mechanized. This scetion discusses the results of the threshing
trials and the redesign of the pod thresher which was based on
the determined propertics of cownea and the results of the
threshing tests. The characteristics of cowpea variety
suitable for whole shoot threshing,spcecifications and the
expecied performance of the redesigned thresher are also

discussed.

5.4.2 Threshing Trials _ X

The thresbing teials of whole shoot of cowpea in the IAR
pod thresher basically showed that the whole shoot could be
tlhreshicd successfully at low moisture levels. The result of
the trial with seven variclics of cowpen are shown in Table
5.§&L The trials showed a bigh degree of success, The
feeding rate was howvever, kept low to avoid clogging, In
spite of this, machine stoppage still occurred in four

varieties due to clogging of the threshing cylinder.
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Table 5.20 The output and efficiency of seven varieties of cowpez in whole

shoot threshing trial using I1i2 cowpea pod thrasher’

Feed Thresher Tireshed

. 2 Threshing
T A ) rate, - through-= grain ! . »s SRS .
Variety xm\amu sut Ke/min Ext mawHMﬁ m»%yopmwnw. w Bom%. @05mm4m Remark -
kg /min _ in grein SWWH@sw B
TVL 3236 0,727 0.355  0.182 O f 9945 3.60 3.72  Iechine
m.ﬂOBﬂOQ in A-mﬂahu.o
Ife browm 1.0% . 5485 .49 0.15%2 1 9G.6 Fe24 C.35 atopped in m.mEMu.
H_..._-.-_. mm._._m .—tﬂln Ald&- o..uwmm O D m_mulm Nammw O.W.w
iT €0 1.14 1410 0.447 © 1 9S. 4 2475 C.36
Savaru 48 1,02 0.1 95 0.407 0.241 2 99.0 3.21 0,25 stepped in 7.2mnin,
Sanzru 341 0,835 0.4T1 0.164 C 1 58,6 3.51 F 54 stopped in 2.5Cmin.
Local white 1.12 1.05 0.334 0 1 3.0 2.775 0. 35
Averags 1.01% 0.877 C.2498 0.056 ©.86 9%.2 3,12 1.26 low feed rate to

avoid clogging

*Pyisl was for 10min,.but was broken in Four varielies owing So clogging.
iverage drum specd = 250 rpm, 320 »pr at no load
iveroge fan gpocd = 400 rpn, 470 rpz, at nc load

*Mom = matcerial - other - than - grain
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The degree of clogging varied with varietiess . Tables 5420 and
5.2 chow +that varieties witi susll graing oxhibitud the highest
degree of clogging as could be noticed with TVE 3236 and Samaru
341 which verein aroups (a) ond {b) rcapuetively according to
Duncan's new mulfiple ronge test grading of kernel sizo. Clogging
did not readily occur with 4w large grain variotics (IT 985 g
the local white), ond very little cloguing tendency wos noticed

in the grains of intermcdicte size (Samyru 48). Thers was Lo
clogging with IT 60 becuuse the variety, though of intormediste-
sized proins, had less amount of siall gtalk cwing to limited

veget@tive growth oceasionced by its fast maturity in 60 days.

Smell grain varieties had large amount of small dloneter
stzlks which toended %o pulp insteed of Lreaking in the thresher
conenve (ace Plato ). Big stalks were casicr to handle as they
readily broke on bending in the coylinder cchneove and werae bhlown
out. Alshough very bie pleces were withheld as xesiduc, thoy
did not clog the machine. Clogging occurred whonever crushod
gapongy roesiducs accuwmitate! in the cgylindoc-concave, which

roadily happenod with smll grain voarictics.

It was easily obsurved thel the groin gize was rolatoed
to the pod pericarp thickness. Ucwpens witﬂ si2ll srain
{TVX 3236) had thin pericary while those with lerge grains
(IT 985) hod thick pericerp, Table 5.5 shows that
gnall grain vorictics had greater shatter loxses,
groin £flow in TVX 3236 stated in Zable 5.20, wos pnrfly Doenuse

of heavy losg of prain dAuring cubtting and diying: ond partly



stalks crushed to spongy

[hrasher concave regidue of three

varieties of cowpea.

grain variet]

by (IT 985) had broken stalks,
medium grain (Ifc brown), semi-crushed stalks,
while small--sr:

.in variety (TVX 3236) had its

o £ e
Lol ioe
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becausc of slow foeding ratc. 17 965 mad no ficld loss by ped

shattcring, as could be seen from Table 5.5.

In summary, the following obscrvaticns were made from the

threshing trials using the pod threshers:

1.

24

Je

4+

De

6o

The thresher could basieally .xtract the grains from the

materials without danege to the grains.

The threshor was toc smll tc handle ¢ ¢ cntirce plant

mterial.,

The thresher cylinder requircd to be redesigned. Since
the smell stalksg could not breck, a deviece for cutting

them was casential.

Therc was no way of evacuating the threshing chamber of
large broken and crushed stalks cxcept by cccasional dis-
mantling which was cumbcersome and time-consuming. An

vvacuating doviee was necessarye.

The elcaning systen roquircd modification. Table 5.20
shows that about 3.12, chaff was in the srains. This -was

too high.

Right sieve sizes were not ovailable for varicus grain
sizes teoted. It would be necessary to dovelop five sieve
sizes in keeping with the Dunean's new multiple range
grading of the grain sizeo f the seven varietics of cowpea

tested (Table 5.3),-
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The redesign of the pod thrusher was bascd on the above

observations,
Delhed Chgracterigtics of Cowpen Varigty
Suitable fer Uncle Shoot Throghing

Frorm the discusaiocns sc far,it couldl bu cbscrved that o

cowpen variety suitable for whole shuot throshing should have

the following characteristics:

1e

2.

R

Te

S

It should have lorge groing, large peds anl thick pod
poricarp to ewveid ficld lusscs by pod shatter and rako

lUBS|

The stalk when wooly should hnve 2 sizeble hollow pith
to reduce the bonding ~nd erushing strengcth and the diabe-~
ter of Giac gtnlk on Aryinge A bish pod centent ¢n a

limited stoalkwould be of pgreat alvantage,

It shewll Lo nigh yiclding ot first flowering so tinot a

large nunbor of ila sh vl | mature =t the same tinc,
It shculd be ereet o fucilitote harvesting by cutting.

Finally it should be «f hizh quality cnd hich nerket
acceptability.

Table 5.21 swurnnrizes the characteristies of the threc

variugtics of cowpes studicd te shicw their suitability J{or wholo

shoct throeshing.
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Table 5.24: Mean properties of three varieties of cowpea

at low moisture levels?

. Grain sige, mm - Main Stalk "
Variety TRTOR. Toiiool®  Bod stzlk  crushing
Iengbh Width ness - ' crucking diameter strength,
- force,N mm MPa
TVL 3236 6.36  5.2% 4.00 g 34 5417 6448 5.84
IT mmm . @c.mm .NQWAW moh_.m o-mmhﬁ Nmtm m'-.num &.GMQ

* 6.5 — 8% wet basis

* At 7.9% moisture content, wet basis and 25mm/min loading rate
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From the Tablc, it is obvious that the IT 985 was the
most suitable among the vorictics studied. This was confirmed

by the threshing trials in Table 5.20.

Selats Bedegirm of Cowpea FPod Thresher to

Oondle the intirg Plant oSheot

Baged on the results of the trial tosts with the pod
thresher ond the wmeasurcl propertics of cowpea, the following

modifications were i2de in relesigning the thregher fﬁﬁ.S_?):

1« Macghinec sigze: The width of the thresher was increased
by 1% times. This brousht the totcl dimensions of the
machine to 1500 x 680 x 1440 nm when fully assenbled.
This would emrble the mechine accemedate the bulky

8t11ks which would now be fed into it with the pods.

2. Bvacuation chute: .4 gatol stalk ovacuation chuto of

150 x 420 x 60mm was installed above the chaff chute.‘
This opencdat the upper part of the chamber. It
shoul? be cpened when nocessary to ovacuate the

throshing chamber with the wnchine running,

Trial tcsts have showvn that scwme breken and erughed stalks
accunulated in the machine 28 rogidue required covacuaticn froun
time to time to avoei) mnchine steppage by clogring.  3omg broken
stalks werc too big td g throush thoe ccnecave grate and roguired

special outlet of this naturc.
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Threshing eylinzer: The throshing cylinder was redesigned
to inclule eight knives gtaggerel on tw: orposite threshing
barg. Tho lmifc angle wan nale 60Y te optimigze cutting.
Studics by Fellor (195%9) anl Prasal ¢t al (1975) have
ghown that a knife an e of 55 = 609 is optimal for cut-
ting. ‘There were six threshing bars in 11 moking up

the cylindor, wnly twe conteined knives., Four ¢f the bars
eontained 24 spikes coch, stopcered in two rows.  Tho

two knifoe bars ccntnined 12 spikes vach, stuggercd boetween
the knives., The spikes were 16 mm in dicmceter and 16 mm
high, abeut half the height of the knives. Both the
spikes aad the knives should Le strengly welded on the

bars. The dotaids of the doesign ere shown in the draewings.

The insertion of knives in the cylincer waus necossary to
cut the fluffy small st~lks riich puliwd in theo cylinler-

concaveg and causced clopring. lNochnnical ftests of gowpea

‘g8talks (2iscussed in Ssction §,34) has shiwn that the

bigger stalks readily bLecke ot awxinum Londing foreo ot
about 87 wb 9talk moisturc content (Fig 5.3)s But the

prll stolks did ot reedily broeak ond reguired cutting.
The inserticn of the kives would cnable tihw aachine to

throsh all voricstics of cowpea.

igves:  an additicaol sicve shiovld he ingtalled in the
blower chagber wt the grain chute to delay the grain fall
so that tho blawer could eloan the genins bottors Thero

should be twe sicves in additivn bt the conecave grate
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Lart No Name

1 Cylinder (Drwa) shafd
2 Cylinder pulley

% Hopper

4 3t21lr evacuation chute
5 Lower cvlinder

housinsg/chaff chute

6 Frame network
7 Grain chute

3 Fan sghaft

9 Fan housing

10 deat for prime mover
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Part Hame Oty Dimension, Materiul
No . —.nm
i Oylinder shaft 1 24 diz Hot rolied iron rod
2 Pulley 2 25 thiok Hot rolled flat mild
gteel
3 Hopper 1 1% thick Hot 1rolled ilat steel
4 Sstulk evacuas-
tion chute 1 1.5 thich liot rolled flat steel
h Lower cylinder _
housins 1 1.5 thick Hot rolled flal steol
6 Frome network 1 38.2 x 38,2 x 4 Mild stecl (MS) angle
iron
Grain chute 1 1:5 thick Hot rolled flal stael
8 Fan shaft 1 24 dla Hot rolled iron rod
g Fan housing 1 1.5 thick Hot rolled flat steel
10 Seat for prime
mover 1 25,5 x 25.5 x 2,8 M3 angle iron
For the top 1 25 thick Wooden plank
11 Cylinder
Bar 6 48 x 6.5 thiglk Hot rolled steel bar
(A) Support 3 3 thick lot rolled flat steel
For fixing on
ghaft o 25 dia vandard iron pipe
Spike 120 16 dia llot rolled, iron rod
Knife a 25 x 4 Hot rolled steel bar
12 Fan
Blade 4 1.0 thick Hot rolled flat steel
For fixing on
ghaft 1 25 dia dtandard iron pipe
Wlade support 8 25 x 4 Hot rolled gteel bar
13 Concave sieve 2 thick Hot rolled flat stesl

Grain sieve

1
2 1.5 thick

Hot rolled flat steel
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the sieves should be of the same size. OUne sieve should

be at the Gréln cmite and the otncr on Tne gr=in pant

Results of the threshing tests (Table 5.20) have indicated
& high percentagc of chafi {mog) in grain (3.12 ). To ensure
better grain cleaning an additional sieve at the grain chute
should bc necessary. Five scts of sieve and two scts of
concave grate were recommendcd for the thresher, The sieve
should be of the following sizes: labelled sieve A to E,
corresponding to Duncan's multiple range test grading of
the grain size of varieties of cowpeas, shown in Table 5.3:
Sicve 4: Tmm circular holes, 3mm apart.

Sievec B: 8mm circular holes, 3mm apart.

Sicve C: 8,5mm circular holes, 3mm apart.

S3ieve D¢ Yum circular holes, %mm apart.

Sigve Bt 10mm circular holes, Jma apart.

The two sizcs of concave grate should have circular holes
of 8.5 and 10mm diawneter, borcd Jm: apmrt. The distance of
3nm was chosen between the lwles in the siove and grate for
dual reasons: Firstly to strongthun the siceve. HNarrower
distances would cvasily wroak upe Sccondly, 3mm was less
than the loast dimension of the cowpea grain (%.31mun, Table
5.1), and much lecss than the least width (4.46mm). With
the little vibration transmittzd during operation, no grain
wvould hang between the holes. The diameters of the sicve
gizes were approximated from the 957 confidence interval

for the mean giv.n in Table S5.1.
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1t has been shown in Section 5.,2.1. that grain
size varies in different varieties of cowpea,
The five sieve sizes recommended would make
efficient threshing of different varieties of

cowpea possible,
Iower reguirgment:

In this study, a design of a whole shoot thresher

was proposed, The machine was not constructed and
tested to establish the actual power requirement and
optimum cylinder speed. However, the increased length
of the cylinder-concave and capacity of mechine, and
the introduction of cutting knives would demand an
increase in power. Such increase in power could

be met by increasing the cylinder speed or changing
to a higher prime mover, or both, Based on literature
review and observations during threshing trials with
the 1.A.R, pod thresher, an electric motor of

2.24Kw (3hp) was suggested for the whole shoot

thresher,
Cylinder gpced:

Increases in cylinder speed was found to be necessary.
The speed'(SOBm/min ) of the IAR pod thresher was
rather low. For the whole shoot thresher, a cylinder
speed of 350m/min. (370rpm) at 26mm concave clearance
was put forward for threshing seeds for planting.

For general purpose grains, a cylinder speed of
L50m/min (475rpm) was suggested., Further increases

could be made when grains are for consumption only
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s

or for immediate industrial use. The suggested .
threshing speed for seeds for planting, was low
because cowpea is susceptible to internal injuries
which hampers germination (Ige, 1978; Sharma and_ f”:
Devnani, 1980). The suggested increases in speed
were also basea on the threshing trials with the

IAR pod thresher and literature review as will be

discussed in Section 5.4.7,

Two or more cylinder pulley diameters are therefore

necessary: a slow speed pulley of 166mm diameter,
a general-purpose pulley of 130mm diameter, and
further smaller diameter pulley for faster threshing.

Calculation of some Whole Sheot Thresher Parametersg
from Meagured buto,

The threshing energy of the 1AR thresher is
calculated in Appendix H using kguation (3.51) as
discﬁssed in Section 3.7.4. The threshing eunergy
was then expressed as a percentage of the total
kinetic energy of the thresher and this was found
to be 39%. The relationship between the feed vate
and the threshing energy was assumed linear and

the energy expenditure per kg/h feed rate wa
obtained as C.74J per kg/h, 3Since the redesigned
whole shoot thresher is a modification of the IAR
thregher chamber. Hence, the perceantage threshing
energy and energy per kg/h feed rate obtained for
the IAR thresher was applied to estimate the energy
reguirement and feed rate .f the wh.le shiot thresher

at given cylinisr s; eeds.
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Tolz1 kipe ) f the sncd
thresher:

For the whole shoot thresher, the totel kinctic shoo

ey, (KoE.), is given by:

Lo = 3w flg+ I 4 1) (3.45)
re 1, = 0.00020232 Kg-11°
1, = 0.25330 k;‘_;-mg
1, = 0.035h4 Kkg-m°
1 = 1.+ b P lp = 0,289 kg-mz as calculated

in Appendix H.

At 0,17 v/s (370 rpm)
Keke = 3 x 0.289 xéz%g—?-ﬂ—)?" J
= 210,93 J
similarly, at 7.92 r/s (L75 rpm)

IIUIL' = 3.5; 'Iii Q

Chreshins enersy reguirement and feed rote of the whole
sicot thregher:

Ausuming that 38,9970f the K.L. will be used for threshing
at the rate of 0.74LJ per kg/h, the tareshing energy Et' at

%.17 r/s (370 rpm) is obtained as

L, @ 216,93 x U386 J = BL.52 J
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The feed rate at ©,17 r/s (370 rpm)

£ = Bh.52/0.7h = o2 hur
Sivilerly, at 7.92 r/s (475 rpm):

L, = 23%hlJ
£ = 488.43 kg/h

Llover air flow rate for whole ancot fhresher:

The required air flow rute through a blower, GA’ cen be
estimated from Lguation (3.39). 3Since bLlowers have
eilliciency of about 30 (Joshi, 1981), the theoretical
cdr o ddsclisrge, Qp, ol the Llower is calculated using

dgustlon (2.40) or bLguation (3.41).

The tongential component of absolute velocity, Vo, Can
be wiproximeted as 20% of the peripheral velocity of
the impeller (fan) tip (Joshi, 1981), hence using
Lguotion (3.42)¢ |
Diameter of fan, 4, = y38mm, N = 470 rpm therefore

V, = 0.2 x 0038 x 470m/min = 129, %ibm/min

from Lauation {3.41),

wicth of the fan blade, w, = 300mm, toerefore,
QT = T x 0438 x 0.3 x 129.3u6 m3/min
53, 39472 /min

]



154
wrouired air flow rete

o : 3
Co o= 0.3Qp = 15,0184 m”/min
Tie alir velocity, v, can be calculated usiny kquation
1239,

% o &A/wh X 10‘b

sigth of air channel, w = U§12mm, the depth, h =« 80mm,
e refo ¥ W 19ﬁ91§h____g. m/min
kLI 0412 x 0.0 -

85,995m/win

S5di.bs Relptionship between Work Dope in Crushing
and breakive of C a stal

Tie cverage work done in crushing and breaking of single
cov o ea stalk at about 84 MC, wb and 25mm/min rzte of
losding, are given in Taule 5.,22. These were estimated
sviplidcally as the area under the f - d curves obtained
irom compression and bending tests. The averzge values

recorded were 0,00393J for crushing and C,10S J for bending.

[lou=ver, the actual energy expended in crushing and
breaking the stalks is more than recorded, for during
threshing a bunch of stalks (main and branch stalks)
and grain-bearing pods is fed into the chamber. Hence
tiue actual crushing ana breaking energy, Ecb may be

exoressed as



Compression*

Variety Force, Deformation, Work done,
N mm J
TVX 194 0.108 0.0043
Ife brown 202 0,086 0.00389
1T 985 103 0,076 0.0036
Average 166 0.09 0.00393
Bending
Variety Force, Deflection, Work done,
N mm J
102 1.98 0,098
Ife brown 120 2.10 0,125
G3 2.04 0.104
Average 105 2.04 0.109

w*Lach value is a mean of three

tests,
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“cb ’[Z(wc*"")]k = B d

woere K is an undetermined factor (whose value
depends on the vegetative growth of cowpea and cepcity
oi thresher) and W, %,, are work done in crushing and

Lre:l ing single main stalk,

:egide the energy for crushing and breaking stalks and
poc s, threshing energy includes the energy expended

i overcowming the friction generatcd by the relative
rovewents of materials withiu tiregning cnamber,

The threshiug energyiht'may therefore be expressed

]"“t = Ej_‘ +[Z(Wc + ‘db)] k « « = 5,10

wore ke = energy expended in overcoming frictlion,

-

4.7 Upecifications and lxpected
? roan f R sic Thres!

Teble 5.23 gives the specifications of the redesigned
cowpea thresher, These specifications were based on the
Liieshing tests, studlies on the crop properties and
rclevant literature. Some of the speéifications are

dircussed below:

Type of cylinder: The spike-tooth cylinder has been
found to be safe for the village farmer (Singhal and

Ynderstein, 1987); to have positive feeding action and



Table 5.23 Specifications of whole shoot

cowpca thresher

THen Specification

Overall dinension 1,500 x 680 x 1,440

Type of cylinder Spike=tooth, 120 spikes and
& knives

Cylinder diamcotey 2040w 2t spike tip, 3%33nn at

knifo ende

Cylinder Shoed 350m/uin (370 rpm) for seeds for
planting 50m/min (475 rpn)
general-purpose grains.,

Cylinder lungth 352mia

Cylinder bar 352 X 48 x 6,.5um steel bhar,
G in nunber

Type of concave Opcn-grate

Concave width 410mn

Concave arc longth' 500mn

Cylindor-concave 26mm at spike tip, 10mm at

cloaranco knif. ond

Concave grate Circuluar holes 3mm apart,
2 sizeas: 8.5 and 10mm dia

Fan houding Circular

¥en blado dtraight type, ructangular
300 = 156

Fan diametor 438mn '
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Ttem

,,..._W g 1 ]

Pan spoeoed
Air chanael
Air flow rate

Capacity

Siove

Driving power

Motor shoft speed
Knife

Knife anglo

Spike

Main drive pulluy’

Fan pulley

647n/min (470 rpa)
noctangular, 412 x 80nu
1 61;13 Jiain

19 ke/hr at 350m/min
188kg/hr ot 450n/min

Circular holes 3man apart,
5 sizes: 7, 8, 8.5, 9
and 10 nma dia

31, clectric motor or
intemal cowbustion cngine

1490 rpm

3 in numbox, 32nu long,
staggerod on 2 oppogite bLars

60°

Iron rods 16mm diz, 16mm
long, 24 on 4 barg znd 12
on 2 knife hars, 120 in all,
87mn dis

2750 Qin

Cylindcr drive pulloy 131imm din

Cylinder pulley

166m far 370 rpn, 130 zmldin.'
for 475 rim.
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low power consumption (Dodds, 1968;-Singh and Kumar,
1976); and tu be very effective in threshing of pods
(Kepner et al, 1972) hence it is pupular in legume
combine harvesters. For these reascns the spike-tooth

¢ylinder was selected,

Cyli r speed; Various studies have shown that
the major limitation in increasing the thresher
cylinder speed is grain damage since increased
eylinder speed has positive effects of increases
;n power, capcity and cutput of the thresher and
a negative effect uf increased grain damage (Vas
and Harrison, 1959; Harrington, 1970; Ige, 197R;
Joshi and Singh, 1980; Ghaly, 1985). Since grain
damage from the thresher trials was low {(external:.
0.05%, internal 0.86%), there was still ruom to
increase the cylinder spéed._ It should be recalled
that the recommended cylinder speed and concave
¢learance should be such that would limit the
external damage to within 2% for grains for
consumption (Kolganov, 1958; Bunnelle et al,

1959; King and Riddolls, 1960; Sharma aud
Devnani, 1979 and 1980), and internal damage

to within 5% for seeds for germination (Kolganov, .
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19583 Richey et al, 1961; Chestney, 1969; Sharma
and Devnani, 1979 and 1980). It is however
known that cowpea grain is susceptible to
internal damage owing to its loosely vacked
cotyledons (Ige, 1978, Sharma and Devnani,
1980}, «lso cowyea and soyabean, unlike

rice, cannot resist high impact in cylinder-
concave owing to their luw compressive strength
(Hoki and ksmay, 1979). The average compressive
force of cowpea grain as found in this study

was 69.3N and mean elastic modulus was 4Sh MPa.:
This is comparable to the elastic modulus of
soyabean determined by #Misra and Young (1981)

as 1435.88 MPa at 7.22% MC, wb.

High cylinder speed would subject the cowpea
grain to high mechanical imsact in the c¢ylinder-
concave and this would increase mechanical damage,
None-the-less, the cylinder speed was increased
slightly from 320 rpr (303m/min) to 370 rpm (350m/min)
f r threshing segeds for plonting,, and to 475 rpm
(450m/min) f.r _eneral purpose grains, at

~a concave clearance of 26mm, in order to
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attain cptimum thresher capacity and cutput.

T O neave: The open-grate ccnecve chesun is kncwn
to reduce power consunption and grain damge (Arnold and lake,
1964). The concaeve grate being used as o scparating device,
elininated the use of reciprocating rods and separating scrocns.

This made the machine siiplc, less complicated and less costly.

c ve clga gt Threshing tests showed that o cylinder-
concave clearance of 261 frca the tip of the spikc, was adequate
for threshing. This clearance gave low average grain damage
(0.065) and high thrcshing efficiency (997) as shown in Table
5.2”7« The redesigmed thresher had 2 clearance of 26mnm at the
tip cf the spike 2nd 10mm at the knife cnd.

Iy ;0d 2 a 1ocd

.a

The threshing trials showed

that fan periphoral speed of 647 n/min (470 rpm) was adequatc

for pneurntic separation of chaff and stalk frcm threshed cowpea
grains without noticeable grain loss. Cleaning at this fan

speed wns se adecquate that no mechanienl scparctors werce necessary.
The grains however containcd o fairly hisgh percentage of chaff
(3¢12/) which could be ruduced by insertion ¢f an additicnal

sieve at the groin chute, oand use of appropriate sieve sizee.

/8 this study wos resiricted te sclected physical and
mechanical propertics ¢f cuoupen, the acrcdynanic propertiocs,
like the turminal velocity, werc not determined. But the sus-
pension and terainal velccitics ¢f thrughed materials from

selected crops displayed in T2ble 5.2, shows that the air

.
- - .
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Table 5.2 . Suspension/vcrminal velocitics of

threshed materials fror sclected crops

e e

- - e

—

Chaff Yheat, oets & toxloy 300-500 91-152
Straw Wheat, oats & barl.y
up to 173 nmm long 400~1200 122=-366
Grain dhe=t, onts & baricy 1000--190C 305-579
Grain #ﬁj‘_ﬁ: KJM"E “;9'23'#"’;*1“ -
ithoat 1140-1800 347-549
Oats 1020-1560 211=475
Corn 1560-2520 4T15=768
Soyabean 1800-~3600 549=1097

*3ource: Coopor, 1966

*Sourcc: Mohscnin, 1970

o v e e— e —— - —

. — ——
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vulocity of 486m/min calculatod from tho chomon fan spood (470
rpn) was well mbove the terminel velceitios of tlreshed sialk
and chaff, which did not sxeced 366m/nin. The knives introduced
in tho modification of the threshar would further reduce tho
stalks to oaeily air-borne pleces. Moroover the calouwlated alr
volocity (486n/min) wos lowsr than the highest turminel veloeitby
ronge 549 - 1097 m/min recorded for scyabonn. Xt was thersfor
net ndvisable to ineroase the fon speed further to aveid oxcoceding
the turninal veloeity of cowpen prain, which would rosult in
grain lose sincs tho terminal welcocity of cowpea was not pxucisely”.
known.

The calculated oir flow rote for clecaning threshed cowpea
by pneumatic seraration only was 160 /nin.  ingh ot al (1978)
had recemmended an alr flow rote of 12m3fmin for cloaning dveor.
ticatud groundnut butthelir lesign incluled a muchnnfc&l eccentrie

and separating screen in addition to DPnoumatic cloaning.

-

Expecgted performance!: The modificd cowpea thresher would

T

be expeected to thxesh wholo shoot cowpea withoul clogging and
gtoppage which wurc the case with thce pod thresher, With the
increase in nachine dimension, power, cylinder speod and the
installation of knives in the cylincder, the nachine would be
expocted to accommcdate more mmberdnl, throsh‘faster, and reduce

the stalks to smaller pisces that could boe more easily blown out.
The machine rosiduce would be reduced when necessixry through

the evacuating chute to give reowm to fresh matericl. The additional

gieve at the grain chute world result in cleaner scodn. .,
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Whilo the five grades of sloves and tho twe gralovs of oonoaveo
graté would enable the machine t¢ throsh efficiently all commeon
verictics of ccwpoa. With the installation of the knivoa, it
vould be possible t0 throesh whole shoot cowpsa cfficliently at
molsture contents higher than & wb which was the modsture lavel
at which the cowpea stalk became vory brittle. Tho modificd
thresher would be cxpucted to throsh whole shoot ocowpen offi-
clgntly at 12 to 10+ MC, wbs But it should be noted that the
hightr the stalk moisture content, the greater the cutting
action, and the mere the power rugquircment, Ghaly (1985)
has observed that stalk cutting grontly incroased the power

requiromont in threshing wheat.

Baged on the threshing trials and subsequent ;ﬁléulatidné,
the now threshoer would be oxiected to have & capacity of about
11hkg/h and grain output ¢f 32kg/h et threshing cfficioncy of
about 98¢ with legs than 157 chaff in groin ond ;- grain damago.
it highor cylindor spoed (450 m/min) the machino capacity would
be expacted to rise to about 188kg/h. with 40kg/h groin cutputd

and with grain damage within 27,



Chaptcr 6

SUNMARY AED CONCLUSIONS

Hayvesting is onc of the (reatust bottlonucks in cowpea
productivn. Hand picking of pels is a very todious, time-
consuning and costly operation. Jince the pods .xrc produccd
all over the shoot, mechanical harvesting of cowpea will entail
the cutting of the entirce plant sheot which on drying will be
threshel to ecxtract the grains. [his suggests that the present
machine for threshing cowpoea pcds hes to be redesigned to handle

the entire ercp shoot.

This projcet was sct cut to stuly the selected physical
and mechaniesl propcrtics oi cowpea thot arce related to the
mechanical throshing of thc cntirce cowpe2 shoot and rcdesign

the pod thresher to handle tne entire shoote.

The physical prcperties studied woere linited te grain
gize and pod pericarp thicknuss, mcisturc content 2nd the
stalk dimcnsions which were necessary for the duterninaticon
of the mechanical propertics. The mecucniceal propertics of
the stalk in radizl compression and simple bending and grain
in uwniaxial compression were studied and the ninimum cracking

foree ¢f the pods was neasured.

Prow these studicvs it was found that the real preblem
did not lic ca the pods which ruguimdvery sm2ll force to brezk;
ner on the grain whichwere stron. ¢nough tc resist any secondary

inpact. s
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But the problem was on ti¢ stalk which formed the bulk ¢f tho
thréshing moterial. It was however obgerved that the woody stulks
vasily broke on bending. This finding encouraged the decision
to ombork upon wholc shoot thrashing triels wsing an oxisting
pod thresher, Tho rcsult of the trials was vory cncouraglng.
Tho throshor succcesfully extracted the grains, and throw out
nest of the materials fronm the chaff chute, However, the
thresher suffered from clogging caused nestly by crughed small

stalk which worce too fluffy te broak in the threshing chamber.

Pinally e redesign of the pod thresher wos cmbarked ﬁpoﬁ.

The aiz¢ of tle machine wes incroased since more materials ware
how to be handled, %Yhe threshing cylinder was redagigned to
include eightt mives set at 60° knife engle to ensure optimum
cutting of the stalk. 4n wdditicnal gieve was ingorted at tha
grain chute to delay the falling grains for better cleaning.

Flvo sizes of sicvoy and twe sizges of conocave pgrate werse rocomwe
nonded for differcnt siges of cowpea grains. & mmtching.drivingl
power ¢f 3hp was suggested and two cylinder specds of 350m/min
and 450m/min werc put forward for seeds for plantine and general

purjpose graind roespectively, at a conecave clearance of 26mm.

The following conclusions were drawn from the study:

LY

1+ Cowpea kernel size is significantly different in different
varietics, 0f the soven varieties studied, five have gralns
that are significantly different in size. The mean grain
size ranged from 6.35 to 9.18mm in length, 5.24 to 7.44mm

in width, and 4.0 to 5.82im in thiclnogs, Diffiront sizes
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of sieve arc ther:forc necossary for cowpon threshing.

The thiclkmess of the pod pericary is significantly different
in different varictices of cowpea and is found to be related
t0 the grain size. &mall grain cowpens have thin pericarp
while large grain varicties have thiek poriocarp. The mean
pericarp thicknoss rangoed from 0.346 to 0.824mm at C.158 to
0.265 ptandnrd deviation.

The minimum foree roquirad to crack the ped io significantly
difforent in dAifferont varictios of cowpua studied. The
mean force rangcd from 7.25N for smnll grain, to 29N for
large grain cowpon varicty wnd the force is highly sensitive

to small changes in the yod meisture content.

The minimum eracking force of pod and field shatter losses are
closely related to the pod pericarp thickness. Cowpoas
with thick pericarp have large grains and highaf cracking
force, and do not shatter in the field. The cowiea variety
with pericarp thickness of 0.824mm and minimum cracking force
of 29N did nct shatter in the field.

Regression analyscs show that the moisturce content has linear
relationship with pod minimum crucking foree and stalk mochee
nical propertics in diffcrunt varietios c} cowpea studied.
The simple regression wodels for predicting tho mechanical
propertics from mcisturc content are as follows: For mecha-

nical propertics cf stalk in radial compresgsion
€. = 0.09157 - 0.0002337MC (5.1)
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B 24,5236 - 0.2704MC (542)
Fo= 5:4377 ~ 0.04651MC (5.3)
Teb% < NC < 6142 wh

For stalk in simple bending,
E = 3614.6846 ~ 49,2434MC (544)
= 36,5492 - 0.4562 NC (5.5) ‘
7.88 & MO O wh |

And for the minimum eracking force of pods

= 2.,0285 MC -~ 9.5%8 (5.6)
= %.7905 HC - 16,7689 (5.7)
Po= 3.3722 MO + 1.66214 (5.8) .

For TVX 3%2%6, Ife brown and IT 985 respectively.
6.9 & MC £ 9.3, wb

Hertz eolastic theory of contact stressesg has bean fouhd

%o be useful in calcwlating the clastic modulus of cowpea

grain in uniaxial compression assuming the grain to be
ellipsoidal in shaps. It was alse applied to calculate the
contact width and the crushing strength of stalk in radial

compression.

Bagic flexurce formulac of o hollow cylinder simply supported
cn both e¢nds and loaded ot the mid-span, has been found
applicable for calculating the elastic modulus and the bending

strength of cowpea stallt in simple bending.

The elastic modulus of cowpoa grain in uniaxial compression
is not significantly affected by the cowmea variety or the

rate of loading. The mesn vlagstic medulus ¢ grain wes
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found to be 454 MPa (5D. 94) and mean crushing force of
grain, 693N (5.D. 24.7), nt 7,5% MCy whe

Cowpea stalk is a viscoclastic material since its
mechanical properties in radial compression arve
significantly influcnced by the moisture content and

the raic of loading.

The mnechanical properties of cowpea stalk in simple
bending is significantly influcnced by moisture content.
The ¢ffect of the rate of loading is not statistiecally
significant. The mean propertices ot different moilsture

contont were as follows: at 70% MC, wb, clastic
modulus was 4358 bika, bonding strength G435 MPay ot .

22.5%, elastic modulus was 1273 MPa, bending strength
18.9 MPa; and at 7.88%, 4170MPa and hending strength
38.6MPa.

The mechanicnl properties of cowpea stalk are found to
increase with the decrease in wmoisture content and
increase in the rate of londing. The mean properties of
stnlk nt diflferent moistwre content and rate of

loading were as follows: The crushing strain,

clastic modulus and crushing strength of stalk in

radial compression at 25mm/min loading rate were
0082, 17.4MPa aAnd 2.5%Pa respectively, at 61.,2% MC,

wh; 0.091, 23.,2MPa and 3.67MPa respectively, at 19.9%
MC; and 0.099, 30.4MPa and 5.10MPa respectively,at

7¢ 9% MCo. The mean properties in radial compression

at 7.9% MC, wb at different rates of loading were

0.104, 21.0MPa and 3.59MPa respectively at 12.5mm/min
rate of loading; 0.099, 30.4MPa and 35.10MPa rcspectively

ne s
at uo@m/mln, and 0.082, 54.5MPa and 8.02MPa o snectively
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at 50mm/min rate of loading. While the mean clastic modulus
in simpl¢ bending and the bending strength of stalk at
diffoerent rates of loading were 1311 liPa ond 19.1 Mia
respectively ot 12.5mn/min rate of loading; 1346 MPa and
23.2 MPe respociivily at 25mm/ming and 3244MFa and 22,4

MPa rcspectively at 50un/min,

The influence of varicty on the mcechanical propertics of
cowpea is mostly insignificant. Viricty has only a signifi-
cant offcet on the crushing strain ¢f stalk in radial

conpression.

The examination of force~deformation/deflection curves from
the tests show that cowpea stalk hus no bicyicld point. JFor
stalk in radial cowprcession, failure cecurs at pith cracking.
In simple bending thc cowpea stalk brecaks at the maximum

bending forcce

Porce—~defleetion curves of cowpea stalk in gimple bending

at differcnt moisture contents show that wet stalks (707 wb)
do0 not break on Londing but the defloetion continucs to
increase at a constant ferece At intornediatc moisture (207
wb) the deflection iner.cccs at = cunstant force for some-
time before broeakinz. Dut when dry (about 8, wb) the stalk

breaks instantly at maxiium bending forco,

The stalk weisture content for threshing should be about
8, wb and bclowe That is the woisturce ccntent at which

the stalk can breok instantly at the mnaximun tending forcce
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A farmer can detecet this when the stalk of his cowpea can

break instantly on Londing with hand.

ihole ghoot of some varictics of cowpea ean be threshed

in the conventicnal pod thresher at the stalk moisture

content of (5.5 = 4% wb) but tho »roccss has to bu slow

to avold clogeing =nd inchine stopoage.

Different varictivs of oowpee stelk behave differently in
the threshing machine ccneave, large grein verioties with
woody stalk will broesi, sunll grain type with numerous small
stelk will be crushed into spongy raes. This results in
clogging. A successful design will take in'bo_ account tho
different behavicur of the varietics. Any design based

on feow/similar varictics will not be versatile.

Uxamination of the thrceshing prucess and the contents
of the threshing chambor at diffoerent stagos of threshing
rortrays thut failure of the stalks was mainly by bending
and crushinge, The crushing was founl to be initially
radial before pulping followed., This' confirms the failure
thecry of agriculutral products in the machine concave

put forward by Anazodo (1980).
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19. The energy required for crushing anfi breaking
nf single mainn stalk_of-cowpea at 8% moisture

+

content, wet basis and 25mm/min loading
rate, were 0,00393 and 0,109 J respectively;
while the threshing eneryy requirement of the
whole shuot thresher was estimated as 139 J

at 450m/min cylinder sjeed and 8% stalk mcisture

content,

20, 4n air flow rate of 16p>/min has been found to

be aldequate fur pneumatic cleaning of threshed

whole shoot cuwj.ea.

21, Poi thresher is defective in handling the entire
shoot of cuw; ea because of clogzing caused by
crushed stalks, its small size for handling much
bulkier material, non-evacuation of the accumulated

residues and poor cleaning of the grains.

22, 4énd finally, a design of cowpea thresher to handle

the entire plant shouot was proposed.
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Chapter 7

<

-

4.'

PECOMMENDATIONS PO PULRTHER BERSEARCH

The following areas for further research were
recommended:

T™he Poisson’s ratio Tor cowpea should he accurntely
determined using proper instrumentation, In this study
Poissont's ratios of 0,39 for the stalk in radial

compression and 0,35 for the grain in uniaxial
repnyession vere ~donted by studying the litorature

on oisson's ralios of similar materials.

hynamic Llesls on cowpoa stalk; pod and grain should be
carricd nut to compare their viscoelastic behaviour
in the high range of strain freguency with that wunder
q“asi-static'loading. |
Studies are necessary to investigate the effect of
temperature and other environmental conditions on

the viscoelastic behaviour of cowpea using instrumcent
with adequate environmental chamber,

vork is required on the acrodynamic properties of
threshed cowpea grain, pod shells and stalk in order
to determine precisely their terminal velocitics

LY

wvhich are nccecsszary for pneumatic separation,
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There is a great need for the crop breeders
to come up with high yielding varieties of
cowpea adequate for mechanization. The
necessary characteristics of such variety

have been discussed in Chapter 5.

Construction and test of the proposed design
of whole shoot thresher is necessary to

determine accurately the machine parameters
and confirm the expected performance of the

machine,

Further work is required to incorporate a

straw pick-up mechanism in a tractor-operated
cowpea whole shoot thresher, The machine can
then pick up dry cowpea shoots from the field

swath and thresh them along.

In line with the above, research has to be
undertaken on adequate mowing machine for

cowpea stalks.
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APPENDIX i

Teble L1

SCM: PHYSIC.L PROTERTIES OF COYWFB. GR.IN

Kear grain densities and thousand kernel weight {(TEW)

of thres varieties of cowpe=z

Tariehy MC, ¢ wb Bulk mmﬁm.wﬁuJ Solid mmbmuﬁw i
R genm gery TEYW g  FKo, of
roed Grain Mean 5.D < .. Kesn 8.D. cases
TYEZ 3236 6.95 T.15 0.813 0,011  1.23 0.020 97.2 1.76 3

fe brown
IT S35

Entire oP.

7,07 T7.25  Q.772 0.009 1.23 0.010 159  3.81 3
6.89 7431 0.78¢ 0.007 1.24 0.017 210  1.81 3
7,04 T.25 0,789 0.20 1.23 0.CG15 155 48,8 9




1X B
CHAR,CTERISTICS OF THn SOIL U3ED FOR THE
PRODUCTION OF JPBS) TEST 3.,MPILS

Table Bi: Soil oanolysi

30il classification Sandy loam
% clay 8.0

% fine silt 4.1

7 coarse silt 33.9

% coarse sand 1645
Lower plastic limit 1€.15
Upper plastic limit 41.34
Plasticity numboer 25.07

Bulk density [ 53gcm"3
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TYPE ‘W’ AUTOMATIC RECORDER FORCE SCALE IN NEWTONS

COPY OF PLASTIC SCALE FOR NOSANTO TENSOMETER W
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D _CRU; G GTH OF 3T, JDILL COMP

Theory: The term Z dcfined as

Z = R/b (3.8)
wag uscd by Sherif ot al (1976) to simplify the Timoshenko
and Goodier (1970) equation for celculating the clastic modulus
of cylindrical biomaterinl of length 1 from Yoisson's ratio./uf
radius of curvature,R jand half contact width, b.

E is estimated from the cquation

£, = (In (22) + {r)/ezz (3.12)

Z obtained is used dircetly in 3herif's equation

B = 4F2°(1 - 4% /WRL (3.7)
to obtain the clastic modulus. while b obtained from the
definition (equation 3.8) is used to caleuwlate the crushing

strength from Hortz equation

« = q,=2F /Tlb (3:13)s
c
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Table D1: Values of Z at different values of Ec

£ _3 o %
0.010  1%,80 0,031 7420 0,052 5.2%
0.011 1%,08 0.0%2  7.00 0.053  5.17
0,012 12444 ! 0,033 6.89 0,054  5.11
0.013%  11.88 0.054 6,80 0.055 5,06
0.014  11.38 [ 0.035  6.60 0.056  5.00
0.015  10.92 0.036  6.52 0.057  4.95
0.016 10452 0.037 ' 6.45 0.058 4490
0,017  10.15 0.038 6,35 0,059  4.85
0.018  9.83 0.036 6,20 0.060  4.80
0,019 9,52 0.040  6.10 0.061  4.75
0.020  9.24 0.041 - 6,03 0,062 4470
0,021 8. 96 0.042 ' 5,95 0.063  4.66
0.022 8.75 0.043 54 G0 0,064 4,60
0.023 8445 0.044 5475 0.065  4.57
0.024  8.30 0.045 5,70 0,066 4,52
0,025 . 8411 0,046 5,60 0.067  4.48
0,026  7.85 04047 5455 0.068 4444
0.027  7.85 0.043 5,49 0,069 4440
0.028  7.65 0.049 5,45 | 0,070  4.35
0.029 7440 0.050 5436 G071 4.33
0.030  7.29 0.051 5.29 0.072  4.29




Table D. 1 Contd.

108

Ec Z Ec Z EQ Z
Q.73 4425 0.094 3.63 0.115 3420
0.074 de22 0.095 % 464 0.116 3.18
0.075 4.18 0,096 3. 59 0117 3,17
0.076  4.15 0.007  *% 0.118  3.15
0.077 e 11 0.098 3454 0.119 3,13
0,078 4408 0,099 3,52 0.120 3412
0.079 4,05 0.100 3,50 0.121 3.10
0,080 A.02 0.101 3448 0.122 3.08
0.081 %e 99 0.102 545 0.123 3,07
0.082 3.95 0,103 3,473 0.124 3.05
0,083 3.93 0.104 3eé 0.125 3404
0,084 %.90 0.105 3.39 0,126 3,02
0.085 3.87 0,106 3437 0.127 3.00
04086 3484 0.107 %e35 0. 128 2. 99
04087 3.81 C.108 3.33 0.129 2. 97
0,088 3479 0.109 3.31 0.130 2.96
0.089 3,76 0.110 %.29 0. 131 2,95
0.090 3.73 Cet 11 3.27 0.132 2,93
0,091 3.71 0e112 325 0.133 2. 92
0.092  3.68 Cet13  3e24 0,134  2.90
0.09% 3,65 0,114 5622 0.135 2.89
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APPENDIX E

TRADITIONLL THUESHING OF COWFE4

Plate LY Traditional method of theshing cowpea by

- ’ - = r r o1 e 1 Wl o - 4
beating the pods with stick
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W J_f. 1

1 winnowing

currcent

of

cow pea



EINDIX F

e N ]

iy OJ. :U!a ok

The eowpea (Virma unjuic'ata (L.) Yalp) probebly originated

from Centrnl ..fric: whorv "-n, native wild varieties cxist (Piper
1913, Vavilor 1950, Jellschcy 1962, dnris 1964). Todry it is
widcly grown in weny perus of the world. Thore are mony varicties
nf cowpea. The ain fentures that distinguish onc veriety fronm
anothuer are the eolour of the secd ciat, wrinkled or snocth seed~
coat, the size nd shape ¢of podsg, and determin-fe and indeteraincic

rrowth of the stem (Onwuenc, 1979).

Cowpen is growr for food and the haulms are ipportant es
fodder, In Nigeria the roejor cowpuz srowing arcas lie north of
1~titude 10°N (Steele, 1972). Hewuvor the producticn of cowpoa
is fost incrcasing, and in rocoent yoars cowpea produvetion in

soutkcrn Nipgerin as o lote crop, is guining sround,

Cowper. is o lesunminous annucl plont rogquiring 12 = 15 weeks
from planting to barvestir . AAthoucl: there is now a varicty
(IT 82& -~ &0) that mturvs n 50 roys, most verictics maturs in
about 12 weekse Cowpen hon o top root systeuw which ¢:n penetrate
the scil to the depth of turce metres or pwree the sten of cowpena
is weck znd at times erceyps en the srowndes Thoe g wth of the
stcu help to identifly the cowrea varictiocs. In soing, the stenm
grows to full size and sterses In thise the growth is leterrinato.
Yhile in others wherc thoe stow continues te growu thromghout tho
life of the plant, the st.m is 3.1 %o be indcterminate. +Lhe

leaf is trifolinte, derk-gsreon ond lLiry.

191
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. ¢pddermis. DBoth the hypodernis and sclerenchyna are clongated

- 192

Bach leuf is borne on a long petiole. There is a leaf~like . -
appendage, known as stipule, at the point of attachment of cach

leaf petiole to_the gtem.

The inflorescence is borne on long peduncle developing from
the leaf axil. The flower resombles o typical legumc flower excopt

that nin¢ stamens are fuscd together out of 10. ¥Tho flower is s¢lf-

- pollinated {Onwucme, 19793).

Cowpea hos o typicnl lepume fruit. <The dehiscent pod is long

. and narrow. It consists of the pericarp and sceds. The pericarp

forms protective cover for th. secds. It is mede up of threa layeors

of cells namcly (from the cutside to inside): the exoearp, the -
mesocarp and the endocarp (Pi;; ¥1), The exocarp consists of the
outer vpidermis and hypedermis, both with thickened ecll walls,

The mesocarp is made up of looscly packed parenchyma. wWhile the
endoecary compriscs the thick-wallod sclervhchyma and the inner
cells but their axis of ¢longetion axe in opposite planes. They
shrink in opposite dircctions whoen thoy lose moigturs, the stressces
devcloped 2id the opening of the mmture dry pods The pod splits

on both sidcs when dry (Esau, 1977).

Cowpea seeds have smooth or wrinklad seed coat. The colour
varics in differcnt varieties. The nost common are white, brown,
Plack md mottlcd varistices. 9he cowren seed 1s a nonendosperumous
kidney — shaped secd with two busie parts: the seed cont and the
gmbryo. The embryo is mads up of two floshy eotyledons which

make wp the bulk of the gecd. The cotyledons supply food te the
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C [e +ES N e ) Outer epidermis
Emmrp £ T ‘. * ., W' ot %
TR ::____Hypodermis
F I- . .- . . -
Mesocarp ¢ | L =T Parenchyma
-
P i
EanCﬂfP 1 S— ——— a— —— Sc enChyn‘n
- Inner epidermis

Fig. F.1. Simplified structure of cowpea pod pericarp
N cross —section.
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young seedling during the early growth. The relatively thin sesd
coat protects ths embryoe from fungli and bacteria before and after
planting. The seed will have little chance of developing into

a healthy scedling if the protective coat is cracked during threshe
ing and other handling.

The ewbryo is made up of two parts: the radicle (primary root)
and the plumule (the shoot)}, The plumule is made up of the hypow
ootyl and the epicotyl leeatewd undor the secd coat at one cnd of
the hilum which is the point of attachment of the sced to the pod,
The hypocotyl lifts the cotyledons vut of the soil during gormina-
tion while the epleotyl forms the shoot. The colour of the cowlea
hilum is typical as it is usually whitc surrounded by & dark {brown
or black) ring. & tiny oponing in the testa known as the micropyle
occurs at the centre of hilum. YThe micropyle is quite visibls

when the testa is removed (fig g2, Onwucme 1979).

The living cell i8 the bagic unit of the cowpea. The cell
consists of protoplasm ¢ncloscd by a cell wall which is made up
of cellulosc microfibrils cmbedded in an amorpheous natrix. The
rheologieal propertics of the cell wall arc responsible for the
elasgticity, strongth and rigidity of the biomaterial. The
protoplasm inside the cell wall consists of the cytoplasm, nucleus
and vacuoles. The vacuoles consist of droplefs of solution called
cell sap. While the major factor responsible for the clagticity
of the biomaterizl is the clestic c<ll wall, the cell sap is
responsible for exerting hydrostatic pressure (fungor pressurc)
on the cell walls. The cytoplaswm exhibits both clastie and
viscous propertics., The cell wall wnd the protoplasm are

responsible for the viscoclastic properiies (Mohsenin, 1970),



Hilum
Micropyle

& Testa

Hypocotyl
Radicle

Epicotyl

Cotyledon

Fig. F.2. Cowpea seed structure (A) An external view (B) Cotyledors
spread apart ©



APPENDIX .

Coleulation of Mechanical
Uroperties trom Obscerved Hendings

Stalk mochanienl propoertics in radinl compression:

Congidor Lthe following readings oblained from radial compression
Ltest of a stalk sample (TVX 3236G) al 7.6% moisture content,
wel basis:
tate of londing = 12.05mm/min
Stalk diameter, 2R = G.4mm
Stalk =ample length, 1 = 20. tmm
Force at pith cracking, F, (from £ - d curve)
= 131.3N
Recorded deformation, D (from £ « d curve)
= 1,01Inm
Eatimated degree of elusticity,ﬁ = 78,2%
(sece Fig 5.1)

Crrushing xtrn!nlwﬁ¢ :

Frrom Fquation (3.10), clastic component of deformation at
pith cracking
n, = £ D/100
Dy = 0,782 x 1.0fum = 0,7898mm
The erushing sirain, EC;'is-: piven as
Ec - D,/2R = 0,7898/6.40 = 0.1234

Llogtic modulue, I8 )

Using Bguation (3.12), Z is cstimated by -trinl and error
as follows:
l”)
Ec « (In(2z) + w)/oz”

0,125 = [ In(2 x 3.07) ,» 0.5] / 2 x (5.07)°

156
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The clastic modulug is caloulatod from Zquetion (3.7)

B o= 4k 2°(1 - 42/ WRY
The Peisson's ratio, A = 0.39 (Sec Jection 5.%.2 ).
e B o= 241598 z4/2m1

E = 2.159 Z 131.5N £ (3.07)%/6.4m X 20.1mm

20,8008 N/mm2 or liFa

Half contact width, b, at pith cracking:
From Equation (3.8)
Z = R/b
e b = R/Z
= (6.4 mn/2)/3.07
b o= 1.0423mm
Crughing strength, 6E—;

From Lquation (3%.13)
Je= G = 20/ Wb
0.63662 T /1b
(0.63662 X 131.58)/(20.1 X 1.,0423mm)
3, 9959k /mn° or IPa

|

otalk mechani

Consider the following readingc obtained in a simple bending
test of a cowpea stalk sample (Ife brown) at 7,88 moisture
content, wet basis:

Rate of loading - 25mm/min
Jtalk diamcter, d = 6,6mm
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Hollow pith diemetor, 4, = 1+ 730m

Mex. breeking force, Fy = 85N

¥ex. doflection, V = 2.5mn

Degres of slasticity, ﬂ = 6

The clastic component of dcflection, \/0 is calecuwlated from
Equation (3.28) |

vV, = VB /100
Ve = 2.5umX 0.62
= |-fif§mm
Then tho glastic modulus, B is calculated from oquation (3.29)
E o= 4R 1/3y), Tatah)
But the bending spen, 1 = 50mm, is consgtant
e B = 53051658 A, (atah)

E = 53051.65 X 85/1.55((6.6)4 - (1.73)%)8/un®
4509390, 25 /2927 . 208 /mz’
1540,5132MFa

]

B

The bonding strensth, fp  is
calculatod from Bquotion (3.23)
4 4
(j; = ORfld/ g(d"-d,")
1 = 50r
dj:‘= 127.32458/(a* ~ o) .
= 127.324 Z 85 £ 6.6/1888.5162N /mm°
= 37.8227MPa

b e
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‘Slagtic modultug, of cowpes graip in uwnaxisl comprogsion s

Coneider the following revaedings obtained from a uniaxial
comprossion tost of 2 cowpoa grain sample (IT 81D - 085) at
6.5% molsturc content, wot basig:

Rate of loading -~ 12,5mm/min

Grain dimengions: length = 8,09mnm
width = 7.0tmm Thicknuss = 4.67mm
Crushing forcu, F = 59,9N

Deformation, 1 = 0,55

Dogree of clasticity, £ = 50
Poisson's ratio, A = 0.35

Asguming thoe cowpca grain to be ¢llipzoidal in shape, tho
’
major ond minor redii of curvature R and R1 are culoulatod
uging the measurcmcents of longth, 1, width, w and thickncss, t,

and subgtituting those values in Equations (3.,17) and (3.18)

respcctively.s
R, = (12 + £2) /4t
K = (w° o+ t9) /4%
Thus,
R, = ((8.09)% + (4.67)0)/4 % 4.67
R1 = A.6711mn .
R = ((7.017 + (4.67)2)/4 X 4.67
Py |

R 1 = w‘ .&l@

The clestic compenent of deformation, D

~ ig deteruined from

quation (3.10) as:
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D, - p D/100
0.50 X 0,55mm

o
i

= 0.2751.‘151
Then using Equation (3.16), the c¢lastic modulus, E, of the
cowpca grain is determinesd as

E o= 1,502 F(1—/42)[( R: " ;/ ) o2 [F
e

The Poisson's ratio 47 = 0.35

SO E = 1,318 B(( I‘L1 + Rl ) /0,2 )E

—

B 1.318 Z 59.9(0.477/@0.275)3)‘3’1:/:3512
378,096% MPa

}
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‘Iui i'.;‘lli. l{
Calculgtign of Some Thresher Fearameters from Megsured
Data.

Totsl Kinetic lnpergy of JAR_Jhrecher

Tie totel kinetic energy,K.k., generated by the IAR

tirecier at a given angular speed,w , is given by:

Kok = # @ °

(I + I + 1) (3.h5)
where I I, and Ip are the polar moments of
inertia of the shait, tnreshing cylinder and

the pulley respectively,

I._-,- = i ms ng (30’46)

[~

where mg = Mass of shaft = 1,87kg

K, = radius of shaft = 0.012m

(=1

3 x 1.87 x (0.012)2 kg - m

(-
i

2
= 0,0001 ;b %E-m

e woment of inertia of cylinder:

Ic = I, + 14 (3.47).
where Ib’ 1;= moments of inertia of the cylinder

bars and support discs, respectively,
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& x 6,27 x {0.128)2
0,05136 kg-m2

ﬁl—‘
H
=
5
jo ¥
-~
a
L]

: 2
. . 1C - Ib o 2 Id = Q‘E_qaab_”h&"m,

doc poler moment of inertia of toe pulley, I, 1s
¥

4 3.15 x (0.15)°

LS
i

e
=]

-
i

2
= O w7}
o U475 rpm:

w, = 2;3%65_Q25 radfs.

Taercfore the kinetic energy of the whole shoot

T resher is obtained as;

2
b = b ox (BTELTST (0.280) g

= 387,563 J



