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Application of Frictional Modeling In Simulation
and Optimization of The Design And
Performance Of A Cereal Thresher

Engr. C.O. Osueke (Ph.D)

Abstract - To achieve a productive model, the operation processes need to be modeled, the model have to be properly packaged and the
results thereafter should be compared and verified with other conventional models to prove validity. This forms the structure of the cereal
thresher model developed. To achieve this, the processes were modeled mathematically using the various thresher and crop parameters
(velocity of cylinder, crop feed rate, concave clearance, crop flow rate etc) and in-cooperating the frictional factor. After which the sub-
models that characterizes performance was hence developed. The model was packaged using computer aided software based on VISUAL
BASIC programming language. Using the model, the performance of the thresher was simulated and hence optimized based on minimum
threshing loss. At 15% moisture level, the minimal loss is 11.78%, capacity is 211.52 kg/h and unthreshed grain flow rate of 0.021 kg/s
while other performance characteristics are v = 18m/s, Q = 0.18kg/s, c = 0.02m. On validation with published data of past researchers, the
model was found generally to fit well, taking R? values which is highly significant at o = 0.001.

Index terms - : Simulated, Optimized, Model, Frictional, Performance, Developed, Design

1 INTRODUCTION

he world rate of consumption of grain is becoming a

challenge to cereal processors and farmers. Worryingly,
the mean annual increase of world grain production after 1990
is lower than the mean annual increase in world grain
consumption [6]. This means that after 1990, the world is
consuming grains at a faster rate than it is produced [6]. This
shows that the world population has a major dependency on
cereal for survival, which calls for day to day improvement on
the threshing process of cereals to meet the ever growing need
of consumers. Although limited success lies with the manual
method of threshing, it has failed to meet up with this
growing demand and is labour intensive leading to a high
operating cost [22]. This leaves researchers with the
mechanical option for further improvement. The mechanical
process is a repeated process of pounding and dragging of the
plant (panicle) over a surface or through an aperture. In as
much as the mechanical option gives better results, a perfect
design would yield much better results/yield. To obtain an
improved yield, simulation and optimization package has
been attached to threshing process which selects the best
machine and crop parameter from a range of combinations to
produce better threshing results. Today simulation and
optimization are important domains which attract many
researchers from several fields and disciplines [21]. Various
researchers attained success by proper adjustment of the
operating conditions of the threshers and crop parameters.

Vas and Harison 1962 [24] studied the effect of selected
mechanical parameters on kernel damage and threshability of
wheat. The reported that within the limitations of variety of
bulk density, the mechanical parameters causing significant
variation in threshability are cylinder speed, concave clearance
and feed rate. Chabara 1975 [5] developed and tested an axial

flow thresher on the basis of drawings procured from IRRI
(International Rice Research Institute). He found that it could

thresh paddy and wheat quite effectively. He reported that at
500r.p.m, the threshing efficiency was 100% and the feed rate
was 710kg/h which resulted to an output of 213kg/hour clean
grain. For wheat threshing at 700rpm and 63.5mm peg
spacing, threshing efficiency, external damage and separation
losses were 99.63, 0.47% and 2.4% respectively. A feed rate of
96kg/h gave 340kg/h clean grain. Ramos (1987) [20]
investigated power requirement for threshing rice using
locally manufactured axial flow thresher. He studied the effect
of feed rate and moisture content on power requirement. He
reported that at a feed rate of 1000kg/h, the power
requirement is 3.69hp and 18.24hp at a feed rate of 6000kg/h.
the increase in power requirement was proposed to be due to
an increase in the amount of straw being threshed and
crushed per time. He also reported that at a moisture content
of 15% and 6000kg/h feed rate, he power requirement is
8.16hp and for 27% moisture content, 20.54hp is required all
for bundled straw. For unbundled straw, he reported that at
same feed rate of 6000kg/h and moisture content the power
requirement is 5.75hp. also for 16.5% increase in moisture
content, the power increased by 0.932 at 6000kg/h feed rate.
Dash and Das (1989) [7] developed and evaluated a power
operated paddy thresher to study the effect of the peripheral
speed and moisture content on thresher capacity and
efficiency. They reported that threshing efficiency mostly
varied within the range of 94.67 to 98.50% at a peripheral
speed of 989.6m/min to 537.2m/min respectively and
moisture content of 22%. Then at low moisture content of
13.0%, it was also reported that the capacity increased from
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153.07kg/h to 193.28kg/h when the peripheral velocity was
varied from 537.2m/min to 989.6m/min. Also they reported
that at 16.5% moisture content, the capacity of the thresher
ranged from 162kg/h to 193.13kg/h whereas at 13.6%
moisture content, it was 159.15kg/h to 183.29kg/h. This
shows that a higher capacity can be achieved by threshing the
paddy crop at 16.5% moisture content. Behera et al (1990) [1]
developed and tested a power operated wheat thresher. They
reported that maximum threshing efficiency of 95.3% was
obtained at peripheral speed of 102.7m/min (500rpm) at a
moisture content of 9.25% and concave clearance of 1.3cm. The
minimum threshing efficiency of 87.1% was observed at a
peripheral speed of 904.02 m/min. (440 rpm) at moisture
content of 14.5% and concave clearance of 1.95cm. They also
reported that the capacity was maximum at a peripheral speed
of 1030.03m/min (550 rpm), while the concave clearance and
moisture content were 1.3cm and 9.25% respectively. The
range of capacity was 94.63 kg/h to 115kg/h when the
peripheral speed varied from 904.02m/min to 1025m/min.
Desta and Mishra [8] developed and conducted performance
evaluation of a sorghum. They combined feed rate at three
levels (6,8, and 10Kg/min), cylinder-concave clearance at two
levels (7 and 1lmm) and cylinder speed at three levels
(300rpm (17.5m/s), 400rpm (10.1m/s), and 500rpm (12.6m/s)).
The result of the performance analysis showed that threshing
efficiency increased with an increase in cylinder speed for all
feed rates and cylinder concave clearances. The threshing
efficiency was found in the range of 98.3% to 99.9%. At the
recommended speed of 400 rpm (10.1m/s), the power
required for operating the thresher was 4.95KW and the
maximum output of the thresher was 162.7Kg/hr.

The friction which occurs within the crop stream and between
the beater and crop surface also has a role to play in designing
a cereal thresher. The researchers as mentioned above
neglected this issue except for Vas and Harrison [24].
According to the frictional model developed by them, an
increased rubbing action due to an increase in feed rate to an
extent increased threshability. The fact remains that the field
application of the various models as mentioned above would
not give the same result as proposed. That is to say that much
still needs to be done in improving on these models which
calls for a proper look into frictional modeling.

This work is meant to develop a model for cereal threshing
which in-cooperates frictional considerations with the aid of
simulation techniques and hence optimization using computer
aided software. To achieve the aim of producing a thresher
model that has the proficiency and capacity to meet up with
this growing need of cereal consumers, the following
objectives were carried out:

e Including the friction factor in combination with
various machine and crop parameters to produce a
robust model.

e Varying these parameters at different levels and
performing simulations with the use of a computer
aided software.

¢ Developing an optimal model based on least
threshing loss, unthreshed grain, highest thresher
capacity, and efficiency.

2 MODEL STRUCTURE

To better understand a physical system, the modeling is done
in such a way that the layouts are properly established and
defined.

A modular structure is adopted for the computer aided
software whereby the “main supervisor” is the only main
program while others exist as modules and each act as a
standalone system. The main advantage of this structure is
that is allows each module to be executed independent of
others. Since only this module needs to be loaded into the
computer random access memory (RAM), the working core
requirement of the package is drastically reduced. As shown
in figure I, the general structure consists of

e Main Supervisor: the overall driving module to which
control ultimately returns. It enables the user to access
the other modules in the package.

e EVTP: Evaluates the thresher performance

e SIMOPT: Simulates and optimizes
performance

e OUTPUT: Displays the result of different combination
of design parameters, also the optimum machine
machine parameters and their corresponding
performance data.

thresher

MS (Main Supervisor)

OUTPUT/GRAPHER

Fig 1 Modular structure of the software
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The discrete models thus developed are the threshing
efficiency model, threshing loss model, unthreshed grain
model & capacity model.

3 MODEL DEVELOPMENT

The frictional model is found based on mathematical
principles and elucidations of past researchers. Sub-models
were erected to further describe the performance of this
model. The ideal threshing unit (processor) is one that
produces the natural shape and quality of the grain and
minimizes grain loss (Miu 1995 [15]; Miu and Kutsbach 2000

[17]).

4 MATHEMATICAL MODELLING OF
PROCESSES

There are two major processes that occur within the threshing
chamber of a cereal thresher. They are the threshing and
separation processes. The mathematical model of these
processes is tantamount to the success achieved by the
thresher.Before establishing the threshing process model, the
frictional model needs to be introduced since it constitutes
threshing.

If the threshing cylinder precisely the beater is considered for
frictional impact analysis, the detachment of a grain from the
panicle takes place at three surfaces (A,C, and D) by frictional
impact as shown below (figure 2)

Fig 2 Threshing drum showing the surfaces A,B,C,D

Direct impact occurs at surface B only while frictional impact
takes place at the rest surfaces.

F¥ panicle

- threshing drum

velocity of the beater w.

In figure 3, the threshing cylinder rotates about two
frictionless points (bearings) and one of these points is labeled
O when viewed from the end elevation.

The threshing drum is designed in such a way that panicles
are introduced through the hopper into the threshing drum at
an offset from the line of center of the threshing drum and
falls by gravity as shown in figure 4.

=« panicle

hopper

beater

\% periphery of the

threshing chamber

threshing drum

offset

Fig 4 The diagram shows the offset positioning of the
hopper on the threshing drum.

Analyzing the threshing process for frictionless impact and
considering the normal frictional force at the instant where the
panicle is hit by the beater at location point (a,b) which is
relative to location point O as shown in figure 5 below.

w

Fig 5 Beater with location points a and b

Let w; be the initial angular velocity of the beater just befor
the impact, w, be the angular velocity immediately after
frictional impact and t; the time taken for impact.

7 % By the impulsive principle,
End elevation Jows + J.*(Na + Fb) dt = Jow, 1)
Fig 3 Threshing cylinder showing frictionless point O,
panicle, normal reaction N, frictional force F and angular IJSER © 2011
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Where ], = The beaters moment of inertia about O, N and F
are the normal and frictional force acting on the beater just
before the point of contact with the rough surface of the
panicle.

Following Keller (1986) [14], the unknown time variation of
the normal force N(t) can be eliminated from the analysis by
introducing a monotonically increasing impulse parameter T,

Thatis = [, Ndt, d = Ndt @)

Onward further simplification,
]O(wz—w1)=a+bf0§d (3)

Assuming that during the impact the tangential component of
the reactive force is related to the normal component by the
Amontons - Coulomb law of sliding friction, and ignoring the
tangential compliance of the colliding bodies, we can write

F . .

ST M sign(w) = —p sign(T — Ty) 4)
Where p is the coefficient of kinetic friction between the
panicle and beater surface.

Substituting equation 4 into equation 3, upon integration
gives:

w="B(T-T),  T<T<T, ©)
0

The normal impulse , is determined from equation 1 as

_ Jow1
TO - a+ub (6)
In order that w > 0 in the interval(,,,), the coefficient of
kinetic friction must be bounded by p < a/b. if p = a/b, the
panicle sticks to the beater after impact. The angular velocity
expression can be rewritten in a bilinear form as:

a—pb T
w=22(1-Duw, To<T<T, )
Since ; is still an unknown quantity in the analysis, we
introduce the coefficient of normal restitution in order to
proceed. By poisson definition, it becomes the ratio of the

normal impulses corresponding to restitution and
compression phases of the impact, i.e.,
T1=To
k==——=>0, T,=0+KT, ®)
0

The angular velocity of the beater when the panicle rebound is
related to the incidence angular velocity by

gakD )

W, = — w
2 a+pb 1

Rewriting the angular velocity during the restitution phase of
the impact in the form of equation 7,

w=1(1-D)w, To<T<T, (10)

k To
Introducing the horizontal and vertical velocity components of
the contact point during the impact, u = bw and v = aw,

equation 10 can be rewritten as:

vy + pup = —k(vy — puy) (11)
For the panicle to rebound, w; of the beater and w) beater of
the panicle (which is equal or greater than w,) have to be of
opposite sign.

Where wjis the velocity of the panicle after impact with the
beater.

The kinetic energy dissipated by the frictional impact is given
by

AE = E

L= By = 2Jol(@1)? = (@)?] (12)

This energy can be cast in the form of the generalized
Thompson - Tait formula [3],[23] i.e,

AE = —%fl(u1+uz)_§1(V1 —v3) (13)

Indeed from equation 11, one can write a; + bf; = —Jy(w; —
w2 so that,

AE = %]0(0)1 — w)(wtwy) = _%(31 +bFy)(w; + w,) (14)

Since u = bw and v = aw

Having established the frictional impact mathematical model,
a proper threshing process model can now be generated.

5 MATHEMATICAL MODELLING OF THE
THRESHING PROCESS

The first stage of threshing is that of impact which detaches
the grain from straw mat binding (Ndirika 1994 [18]). In order
to model the threshing process, it is important to first consider
energy transferred to the panicle from the beater. To initiate
the analysis, the following assumptions are considered as
listed below.

e A panicle suffers one impact by beater within the
threshing chamber

e A panicle travels at same velocity as beater or greater
after impact

e The initial velocity of panicle before impact is much
smaller than that of the beater

e Mass flow rate of panicle (feed rate) = Q kg/s

Hence in modeling, the rise in kinetic energy of panicle with
each impact per unit mass of panicle is equal to %Vﬁ, then the

rate of transfer of kinetic energy to the panicle by the beater
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- W
=2 (15)
and energy to dislodge grain from panicle becomes E,

From these assumptions, rate of detachment of grains
becomes,

W _

2B, A (16)
In the analysis of the model, the energy is balanced along the
X axis. This implies that the total energy balance along X axis
is a summation of energy as a result of direct impact (figure 6)

Direction of frictional

impact -

Direct impact on the grain
Normal frictional
Impact

Threshing drum

Figure 6 directions of impact on the threshing drum.

Eg = Eg + Egir (17)
Where Eg, is presented in equation 14 as:

K
Ep = — 7'3 (a; + bF)(w; + w,) (18)

If the initial angular velocity before impact remains the same
after impact, then, w; = w,.

Therefore equation 18 becomes,

K
Ef = ——F (a1 + bF;) (2001) (19)
Since the collision between the grain and the threshing drum
is an elastic impact collision, then T, = 1 and F; = pN.

Substituting these, equation 19 becomes,

Ef = —Kg(a + buN)(w;) = —Kg(a + buN) (%)

(20)
Where w = cylinder width.

The next step now becomes the introduction of the direct
impact model.

Huynh et al [10] stated that the rate of detachment of grains
from their bindings is proportional to both the specific energy
input to the crop and transmissibility of the energy across the
length of the crop mat. The mathematical expression is given

by:

A = Kp(p3wD)/(Qc) 1/sec (21)
Where, D = drum diameter; ¢ = concave clearance; p = bulk
density of crop; , = peripheral velocity of rasp bar; w = width
of thresher; Q = mass feed rate of crop; Kt = threshing factor.
Gregory [9] Stated that rate of threshing decreases as the
probability of hitting unthreshed grain decreases.The

mathematical expression is given by:
du Ey

N = TENg Un (22)
Where, U, = unthreshed grain mass; N; = number of
impacts; E; = energy needed per area of impact to detach a
unit mass of grain; N, = number of bars; U = threshed grain
mass; E,= minimum energy to cause damage.

Both models did not include moisture content in their crop
characteristic which led to modification, but huynh's model
was adopted for further analysis since it contains required
crop characteristics.

The specific energy as a result of direct impact needed for
threshing can be considered to be directly proportional to a
function of velocity (v), concave clearance (c), bulk density (p)

and feed rate (Q) i.e,
Ei & f( v,G P, Q ) (23)

Using Rayleigh’s indicial method of dimensional analysis and
further simplification, E; becomes:

vQ
Ei = Ke (352)
Conversion of specific energy to energy, equation 24 becomes:

Eqir = Kg (va)

c2p

(24)

(25)

Substituting equation 25 and 20 into equation 17, E;becomes:

el

Substituting equation 26 for E, in equation 16, the mean

(26)

threshing rate becomes,

vpc?

}\f N Kfz[m—[(a+buN)(gL‘;)]]

where K¢ = Ki (27)
E

6 MATHEMATICAL MODELING OF THE
SEPARATION PROCESS

The separation process model is proposed to define

1. The migration of grain from the straw mat
2. The passage of grain through the concave openings
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Taking the migration of grain from the straw mat into
consideration, the diagram below is used to describe this
process.

straw mat

point of dislodgment

straw mat

Point of attachment ;:L
= -

grain

grain

{ii) Dislodged grain still enveloped
within the straw mat after impact

straw mat

(i) Before impact point of dislodgment

grain

(iii} Grain leaving the straw mat

Fig 7: Migration of grain from straw mat

Before impact (figure 7i), unthreshed grains (panicle) flow
within the threshing chamber and after impact, the grains are
dislodged from the straw mat (figure 7ii). These dislodged
grains which are enveloped by the straw mat are subjected to
gravity and centrifugal force within the threshing chamber.
These forces provide enough momentum to overcome straw
mat resistance, thus leading to their downward migration
(figure 7iii) towards the concave.

The mean rate of migration for a grain through straw mat
length is thus proposed to be

1

2
28
km)—z
8+ D

Where & =length of straw mat, g=acceleration due to
gravity, k,, = constant of proportionality.

(28)

The second which is the passage of grain through the concave
opening is possible only if the projection of the grain on the
concave surface is within the hole of the concave surface or its
failure to pass through the opening only occurs if the grain
cannot find the opening within the allowed time in the system.
To describe the motion, the probability of passage for the
grain and time taken for the grain to pass through a given hole
would be determined and hence the rate of passage of gain
through the concave opening would be determined.

According to the screening theory (Wessel, 1967 [25]; Huynh
et al, 1982 [10]) It is assumed that a force kernel will pass
through an opening of the concave (or cage) if the projection
of the kernel on the opening surface is within that area.

o
=

]

)

i

by

The probability that grains will reach this separation surface is
the same over the separation length as is the probability of free
grain passage through the openings of separation surface
(Huynh et al, 1982 [10]; Mailander, 1984 [13]; Miu, 1994,
1995[14,15]]; Miu et al., 1997[16]; Kutzbach and Quick, 1999

[12]).

The mean rate of grain separation through the concave
opening is given by:

us(a;—az—d)(by—bz—d)
alb%

}\.3:

(29)

Where a; = centre line distance between rods (mm); a, = rod
diameter (mm); b; = center line distance between bar (mm);
b, = width of a bar (mm); d = equivalent diameter of a grain
(mm); (a;and b; are dependent on crop size characteristic)

After these processes were modeled, the various sub-models
that form the structure of the main performance model were
then established.

6.1 Threshing Efficiency Sub-Model

The threshing efficiency parameter depends on the mean rate
of threshing () and dwell time of panicle (t.) within the
threshing area.

Considering the dwell time as a function of the concave
length, cylinder width, flow rate, bulk density and centerline
distance between bars,

te =2 (De Simone et al., (2000) [4]) (30)
The threshing efficiency parameter is given by
Eff = 1 — et (31)

Where E¢ = threshing efficiency.

Substituting equation 27 and 30 into equation 31,
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vpc?

—Kpr——C
Bff=1—e 2 QV—[(a+buN)<é—;)H (32)

The moisture content parameter is still found missing in this
model and this does not reveal the actual picture of a
threshing model. Brown [4], Nura and Pederson [19] reported
that density or bulk density of cereals decreases with an
increase in grain moisture for only moisture content range of
10-25%. The reason being that at moisture content above 25%
(p2s), the starch molecules become saturated and at moisture
content below 10% (p;0), the starch molecules were dry and
inter-molecular spaces are almost contracted and grain
approached true density of bone dry material. Since most
threshing is done within this moisture content range, the
following relationship between bulk density and moisture
content was being proposed;

1
P=51s [0.25p,9 — 0.1p,5 — a(p1o — P2s)] (33)

Where a = moisture content of crop and p = bulk density of
crop.

Substituting equation 33 for p in equation 32, the threshing
sub-model becomes,

1
V[m[0-25010—0-1025—06(010—025)]]02

-K
e el o
1. 6.2 Threshing Loss Sub-Model

The threshing loss sub-model is given by

TNL = 1 — Eff (35)
_Ktv[ﬁ[o.zsp10—0.1p25—0£(010—025)]]cz

TNL = e e (awm(‘%’)” (36)
2. 6.3 Unthreshed Grain Sub-Model

The unthreshed grain model describes the rate at which
unthreshed grains are produced from the system. De simone
et al., [4] described this model as a function of threshing
efficiency and flow rate of grains entering the system.

Qnr = Q(1 — Eff) (37)

Upon substitution of equation 37 and further simplification,

2
K vpc ]

c2
2|Qv- (a+buN)(Q—w)]

(38)

|

[
QNT=_Q|e
|

Where Qyr is the rate of flow of unthreshed grain.

3. 6.3 Capacity Sub-Model

The thresher capacity is the amount of threshed grain per unit

time separated through the concave openings. It is rated in
kg/h.

Theoretically, it depends on the efficiency, flow rate and grain
straw ratio.

CAPTH = Eff xQ * & (39)
Thus equations 34, 36, 38 and 39 can be used to predict the
performance of a cereal thresher in terms of velocity of
threshing cylinder, width of thresher, concave clearance,
moisture content, centerline distance between bars of concave

sieve, volume of void for threshing and feed rate of panicle
into the threshing chamber.

7.0 COMPUTER PROGRAMMING OF THE
MODEL

The computer aided software for the model package is based
on VISUAL BASIC programming language and developed to
compute the results of the established sub models from a
varying range of machine and crop parameters. VISUAL
BASIC was used because it is widely available on
microcomputers and the language is well accommodated by
most scholars. The result of the sub-models was used to
develop the model package.

The design of the model package involved a number of
different steps

e  General design principles for the package

e Structure and implementation

e Function of various module

The model package is assembled in such a way that it can
perform three different operations.

o Run performance characteristic operation such that
the crop and machine parameters are entered individually and
then simulated to view performance results. Using this
operation, a parameter is kept constant while others are varied
to ascertain its effect on the thresher performance.

o Run a task in which crop and machine parameters are
varied and adjusted, a simulation option is selected to output
performance results of the individual variations, the results
are displayed and finally the optimization option is selected to
display the crop and machine parameters that produced the
best performance (least TNL)

o Process raw data entries whereby one can decide to
determine the performance of any conceived crop and
machine parameter. The simulation process is represented by
the flow chart shown below (Figure 9).

Based on study and comparison made from works of past
researchers, the machine parameters, crop parameters and
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constants were chosen. The table below displays the

parameters and their range of variations (Table 1, 2, 3).

TAaBLE 1
MACHINE PARAMETERS AND THEIR RANGE OF
VARIATION
PARAMETER DIMENSION (m)
Cylinder diameter, 0.33:0.36:0.39;0.43: 0.46: 0.5
D

Cylinder width, w
Concave length, L

Coordinate Point of
impact on the beater
resolved along X-
axis, a

Coordinate point of
impact on the beater
resolved along Y-
axis, b

Center line distance
between adjacent
concave barb,y

0.15;0.175;0.190; 0.220: 0.250; 0.285

0.7

0.07

013

0.002

1. Crop Characteristics
2. Threshing parameters

Print
Input
D=ta

ki i

3. Threshing Formula

Threshing
Farmula

Selection of

¥

All

Compute:

Thrashing
Process
Covered

Threshing Formula
Ewvaluate crop

Dwell Time

v

Threshing Kernel

Select mean rate of

Determine Least Loss
Highest Threshing
Efficiency for the
threshing Process

gpdate Determine - ¥
rop Threshing Print Observed
parametears capacity Threshing Conditions
sqal_:htllll'le Thraeshing for the Process
ariznles Efficiency
Loss =nd Stop
Unthreshed
Ansalysis

All
machine
and Crop
Paramet
er

1. Threshing
Efficiency

2 Thresher Primt

h

:

A llnthrachadd

8
TABLE 2
CROP PARAMETERS AND THEIR VARIATIONS
I PARAMETERS VALUE/LEVEL
Feed rate, Q 0.02;008;,012:014;,019;0.23
(kg/s)
Bulk density, p (g/m3) 4959687995119
Moisture content, ¢ (%)  1011;13,17.20,25
Kernel diameter, d(m) 0.0038
Concave clearance, cfm) 0.01;0.0150.02;0.025;0.03;0.035
Cylinderspeed, v(m/s) 91115182024
TABLE 3
LIST OF CONSTANTS
CONSTANTS VALUES
—K¢ Threshing Constant 120.6
8: Grain straw ratio 0.37

8 MODEL APPLICATION/RESULT AND
APPLICATION

On establishment of the model structure, introduction of the
process sub-models, implementation of the program flow
chart and inputing the varying range of parameters alongside
constants, the model was run. The screen shots of the model
application are shown below.

The screen shots of the model application are shown below
(figure 10, 11, 12, 13):

Welcome

To

Software Package for Simulation and
Optimization of The Performance of a

Multicrop Thresher
Make a Choice

L= Perfomance Characteristics

R © 201
Jww.ijser| 4/28/2011

6:50:35 AM = Simulation and Optimization

Select
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Furthermore, the effects of the various machine and crop

Figure 11 shows the machine and crop parameters for parameters on threshing efficiency were studied. This is done
simulation at a moisture content of 15%

by varying the parameters whose effect is to be studied at six
different levels while the rest are kept constant. The results are

ey —— —— = e presented graphically.
Simulated Results
e oise love oy o lowoy 00— 63e o7 - 8.1 Effect of Cylinder Velocity on Threshing Efficiency
15 9 0.19 0.03 046 0.26 0.7 0.13 0.07 0.002 0.36 120 0.37
:15 9 :D.I? 0.01 0.33 015 0.7 :u.1a:u.u7 0.002 035 90 0.37 |
T N The cylinder speed was found to be directly proportional to
15 11 0.17 0.01 0.33 0.16 0.7 0.13 |0.07 0.002 0.36 90 0.37 1 31
715 11 0.18 0.02 0.39 0.19 0.7 |0.13 0.07 0.002 0.35 102 0.37 the threShlng effl(:lency.
715 11 0.19 0.03 0.46 0.25 0.7 0.13 0.07 0.002 0.35 120 0.37
|15 11 047 0.01 0.33 0.15 0.7 |0.13 0.07 0.002 0.35 90 0.37
| |15 15 0.48 0.02 0.39 0.19 0.7 0.13 0.07 0.002 0.35 102 0.37
[ |18 16 019 0.03 0.46 0.26 0.7 |0.13 0.07 0.002 0.36 120 0.37 100 -
1o 7 1 o i T e A R K B L‘;I
Delete Current Record | 90
Summal Va}us of Simulated Results That Produced Minimum TNL J | §
0 6b6814903016004 6.1 ;‘:‘;?}l 74571192E-02 0 343186096983996 167 47941147117 _'| -
7 N | | | > 80 A
I OPTIMIZE L=)
()
5 70 -
Fig 11 Display of parameters for simulation. woogn -
50 LI e e e S S S B R e e e e
On selection of the “simulate option”, the performance 5 10 15 20 25
characteristics of the model gotten from the various parameter Velocity (m/s)
combination is shown below (Figure 12).
Bl —— Fia 14 Fffect of velocitv on threshina efficiencv
e View
T [ Simulated Results ! ‘
EFF(%) UT(kg's) TL CAPTH(%) =]
»0.656814903016004  6.17733174571192E-070.343185096983996  167.477941147117 T . . . .
o. 4 2764E.0¢€2 75139E-0£263.073946235423 This can probably be explained on the basis that a higher
| |0.100190550718459 0.1 7862 0. 1541 22.687 79 loci thinni f th terial d thi .
| |0.656814903016004  6.17733174571192E-070.343185096983996  157.477941147117 velocity thinning o € Crop material occurs an 1S gives
jo.wwsnscmu 4.27150375287288E-072.2481598699331E-06 253.0794310357 greater opportunities for threshed materials to penetrate the
0.12 o. 8509135 0.878945167700793 27.4116662268326
[ 10.729409519750603 4,87 020.27 174 1 straw mat.
| |0.99999775184013  4.27150375287268E-012.2481598699331E-06 263.0794310367
0.42 o. 8509135 0.878945167700793  27.4116562258325 . ..
| |0.831778810273515  3.02798141507673E-070.168221189726485  199.427287561178 8.2 Effect of Feed Rate on ThreShlng EfflClency
o, 141612 37734 17E-051.9858 1E-06253. 74214
e e S |

Delete Current Record

Fig 12 Display of performance characteristics model

After the selection of the optimization option, the optimal
performance characteristics of the model based on minimum

threshing loss is shown below (figure 13)

The result shows that when feed rate increases, threshing
efficiency decreases. Figure 15.

[EFF(2) [uwrkars)

mulated Results

[

==

[carThe) |

0.999976079640522 4.
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€ 7
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0.100190550718459  0.152967606377862 |0
0.656814903016004  6.17733174571192E-020.343185096983996
0.99999775184013 4.27150375287288E-072.2481598699331E-06 263.0794310357

0. 0.1
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Fig 15 Effect of feed rate on threshing efficiency
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The reason being that for a high feed rate, the threshing rate is
less and the kernels would take longer time to travel through
the mat. Furthermore the concept of energy balance employed
by bittner et al, (1968) [2] is expressed by:

Eimpact = Eabsorbed by cushion + Eabsorbed by specimen +
Erebound.

Using this equation to explain, it can be deduced that at low
feed rate, the energy available at the threshing drum are
absorbed by the grains for the removal of the kernel heads
from the stalks, then as feed rate increases, more grains cluster
within the threshing drum which reduces the individual
energy absorbed by the grains while increasing the cushioning
effect thereby reducing efficiency.

8.3 Effect of Bulk Density on Threshing Eficiency

Increasing the bulk density incresest the threshing efficiency
(figure 16).

100 +

90 -

70 -

Efficiency (%)
[
o

60 T )

4 9 14
Bulk density (Kg/m3)

Fig 16 Effect of bulk density on threshing efficiency

This might be due to the crop stream between the cylinder and
the concave becoming denser, thus providing less cushioning
for the grain, since volume flow rate is expressed as feed rate
divided by material density

Physical System System
IJSER © 201 Mathematical
http://www.ijser madsl

8.4 Effect of Concave Clearance on Threshing
Efficiency

Decreasing the concave clearance resulted in increased
threshing efficiency (figure 17)

120 -
& 100 -
g 80 -
<

3 60 -
2

£ 40 -

20 T T T 1
0 001 002 003 004

Concave clearance (m)

Fig 17 Effect of concave clearance on threshing efficiency

Increasing the concave clearance may have decreased the
chance of a grain being struck by the beater and decreased the
chance of multiple impacts to the grain before it passes from
threshing zone.

8.5 Effect of Moisture Content on Threshing Efficiency

115 -
95 ~
75 -
55 ~

Efficiency (%)

35 T T T T 1
5 10 15 20 25 30

Moisture content (%)

Fia 18 Effect of moisture content on threshina efficiencv

Since the best threshing operation is obtained at a moisture
content of 18%, it was found that increasing the moisture
content resulted in an increasing in threshing efficiency to 18%
level and then subsequent reduction.

9 MODEL VERIFICATION

To validate this developed model, it was further compared
with results obtained from field application (experimental
data) and then results from works of past researchers to prove
that the mathematical model developed is at least consistent
with published results. The structure of the verification
process is shown below (figure 19).
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In order to achieve this, these results are studied analytically
and statistically and then compared. The data from the
respective models are plotted as then analyzed and shown

below.
95
g 85 __—/
5 7> = Experimental
E 65 Model
E . e Huynh's
w Model
45 Simulated
35 Model
0 10 20 30
VELOCITY (m/s)
Fig 20 Graphical comparison of Huynh's, Simulated and
Experimental Model

A close observation of the comparison as shown in figure 20
above reveals that as velocity increases, the threshing
efficiency increases in all model cases. The statistical analysis

is shown below.

TABLE 4

STATISTICAL SUMMARY OF DEVELOPED MODEL,
EXPERIMENTED AND HUYNH'S MODEL

R R*2 F dfl df? SigF
Change Change
HUYNHS 0998 0997 1565098 1 5 0
EXPERIMENTAL 0935 0874 27628 1 4 0.00&
DEVELOPED 0976 0053 81466 1 4 0.001

TABLE 5

ANALYSIS OF VARIANCE OF
DEVELOPED,DEVELOPED,EXPERIMENTAL AND HUYNH'S

MODEL
Sumof df Mean F Sig
Squares Square
HIYWHS MODEL)
Regression  2.899 1 2899 1565977 0
Residual 0.009 5 0.002
Total 2008 &
(EXPERIMEMNTALY)
Regression 12884 1 12884 26628 0.006
Residual 1865 4 0D4eb
Total 1475 &
(DEVELOFED)
Regression 15140 1 15140 351466 0.001
Residual 7434 4 1858
Total 158833 5
TABLE 6

ANALYSIS OF COEFFICIENTS OF DEVELOPED,
EXPERIMENTAL AND HUYNH'S MODEL

Coefficients Sig
HUYNHS)
Constant 7084 ]
Velocity no4 0
(EXPERIMENTAL)

Constant 7349 ]

felocity 026 0.006

(DEVELOPED)

Constant -20.823 0.007
Velocity 0466 0.001

From the graphical and statistical analysis, the developed
model is reflected by the experimental model in terms of
significance value (R2) and similar to that of huynh’s [10]
model which ranks highest followed by the developed and
then experimental model. This proves that the developed
model is valid using Huynh's [10] model as a standard.

TABLE 7

SUMMARY OF STATISTICAL ANALYSIS OF DESTA & MISHRA,
EXPERIMENTAL AND DEVELOPED MODEL

R E"2 F
Change

dfl dr Sig

F Chaz

DESTA & 0976 0953 81284 1 4 0.001
MISHEA

EXPERIMEINTAL 0935 0874 27628 1 4 0.006
DEVELOPED 0976 0953 8l4ee 1 4 0.001

Data set from Desta and Mishra [8] was also used to verify the
threshing loss model. When compared with the developed
model, the statistical analysis is presented below.

IJSER © 2011
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ANALYSIS OF VARIANCE OF DESTA & MISHRA,
EXPERIMENTED AND DEVELPOED MODEL
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The statistical comparison shows that the (R2) value of the
developed model, Desta and Mishra [8] and experimental
model are all in an acceptable range. This goes to further
proove that the developed model is valid.

A summary of the comparison of the results obtained from

some researchers with the developed model is shown below
(table X).

Sumof df Mean F Sig
Squares Square
DESTA AND MISHEA'S MODEL
Regression 054 1 0.54 81284 0.001
Residual 0027 4 0007
Total 0.547 5
EXPERIMVIENTAL MODEL
Regression 12.884 1 12884 266028 0008
Residual 1.865 4 0466
Total 1475 5
DEVELOPED
Fegression 15140 1 15140 81466 00010
Residual 7434 4 1858
Total 158 83 5
TABLE 9

ANALYSIS OF COEFFICIENTS OF DESTA & MISHRA,
EXPERIMENTED AND DEVELOPED MODEL

Coefficients Sig
DESTA & MISHEA'S MODEL
Constant o7 742 0
Telocity 0184 0.001
EXPEREIMENTED MODEL
Constant 7349 0
Telocity 026 0.006
DEVELOPED MODEL
Constant 20823 0.007
Telocity 0466 0.001

IJSER © 2011
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TABLE 10 A

COMPARISON OF THE RESULTS OF VARIOUS MODELS

WITH THAT OF THE DEVELOPED MODEL TABLE 108

COMPARISON OF OTHER RESULTS OF VARIOUS

Cylinder Concave Crop source MODELS WITH THAT OF THE DEVELOPED MODEL
speed clearanc  parameter
< Cylinder Performan Threshin Feed Power soufce
Sorghu  400rpm 7.0mm Gs5=433mm Desta and dimensio ceindex g rate source
m (10.5m/ =) r=13 Mishra n capacity
p= D.Elgfff I:lgg[]} Sorghu D = Eff=983% 332q/h 6kg/mi 495kw Desta and
ar= 330 m 480mm Ce=972% n Electric Mishra
ai= 370 L = Gd = (360kg/ motor  (1990)
CM=162% f40mm  112% h)
1 2 e
Chick  580rpm  30mm  Yd = Anwar 2= ;'55_3;
pea (146m/s) 517kg/ha and Gupla Chick D - Eff=030% 190kg/h 430kg/ 57lit/h Anvear
GM=142% (1990) pea 480mm  Gd=22% h Gasclin  andGupta
L = Ml=91% e (1990)
Malti Majundar 640mm engine
crop (128m/s) 25mm  GM=202% (1985) Muli D = - Mekg/h 50np  Majundar
Whea t,r l:j.UEIl'l,f 5} 35- CM=162% ]Dshi crop 480mm Eff=000 ?‘o Wheat 5001{8/ Electric  (1985)
50!‘51111 1:15.5111';" 5) 45mm GM=155% ﬂ951} Wheat, L = Gd=20% 200kg/h h motor  Joshi
m Sorghu  640mm Sorghu  450kg/ (1981)
X m D = m h
&paddy (15.0m/s) GM=146% &paddy 235mm 302kg/h  550kg/
20mm L = Paddy h
maize maize  $30mm 500kg/
G nut 400rpm 25 00mm GM=120%  Zafaretal h
(6.3m/s) (1997 G. nut D = Ce=95%  264- Tractor  Zafar,etal
300mm  Gd=3%  367kg/h PTO  (1997)
Millet 800cpm fmm GM=120% Ndirika L = Sl=6%
(9.8m/s) ar=13050  (1003) ;immm
=7 pegs
g; gsﬂii Millet D = Eff=068% 385%  22kw  Ndirika
- 235mm  Gd=13% Electric  (1993)
DEVELOFED MODEL L = S1=45% mator
830mm
Sorghu  (24m/s) 20mm  GM=10%  Develope A
m =037 d Sorghu D = Eff = CAPTH 648Kg/ 42Kw Develope
(a) Model m 390mm  8401% = h Electric d
(@) L = UT=0020 20143Kg motor  Model
Sorghu  (24m/s) 20mm  GM=12%  Develope 700man E}Q L or
o TR d Sorghu D=030 Eff - CAPTH 648K/ 42Kw  Develope
(b) Model m L - $936% = h Electric d
(b) 700mm  UT=0019 21426Kg motor  Model
Sorghu  (18m/s) 20mm GM=15% Develope INL = /h
m d 10.64%
I:E} MWodel Sorghu D=039 Eff = CAPTH 648Kg/ 42Kw  Develope
m L = §822% = h Electric  d
(c) 700mm UT=0021 21152Kg motor  Model
INL = /h
1178%

10 CONCLUSION

The effect of friction in any mechanical process cannot be over
emphasized. The friction that occurs between the beater
surfaces contributes to the threshing & separation process.

IJSER © 2011
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Based on this, a model was developed to in-cooperate this
friction factor. The developed model yielded desired results as
expected. The power house of the model is the mathematical
models of the threshing & separation process which yielded
the various sub-models that characterizes the performance of
the model. Many of the previous mathematical models failed
to achieve the following.

e To include moisture content parameter in the model
formulation.

e  All the models were for combined systems. They have
different models for different cereal types.

¢ Toinclude the frictional factor in the model.

The use computer aided software written in VISUAL BASIC
programming language was implored in the model packaging.
The model is made to run simulations and optimization using
combinations of varying range of machine and crop

parameters. The whole process of this work can be
summarized as follows.

e Development of sub-models to characterize
performance
. vpc?
Mean threshing rate Af = Kf—————
2[m—[(a+buN)<ng)]]
vpc?

c2
2 Qv—[(a+buN)(Q—w>H

Threshing efficiency Eff=1—e

K vpc?

c2
2|Qv- (a+buN)(Q—w)]

vpc?

)

Threshing loss TNL = e

-K
2

Unthreshed grain Qnt = —Q|e

Capacity CAPTH = Effx Q x 6

e Developed a computer aided software for packaging
the model

e Simulated and optimized the performance to obtain
variables for optimum performance

e Verified and validated the developed model with
other works of past researchers

When compared with works of past researchers and results of
past researchers, the model was found generally to fit
published data giving R2 values of 0.001 which follows the
same trend with that of past researchers. The developed
model on further comparison showed that the threshing
efficiency increased as the cylinder velocity increases in all

cases.

Having developed and studied this model, it can be said that
the model actually fulfilled the aim of producing a thresher
model that has the capacity to meet up with the growing need
of cereal consumption for which it was initiated.

ACKNOWLEDGEMENT

I am graciously thankful to Prof, EILE. Ofodile, Prof, O.C.
Iloeje, Dr. N.O. Ibekwe for their immense support towards the
actualization of this work. Thanks also to Pastor Felix
Aguboshi, head of department, Computer Science, Federal
Polytechnic Oko, Anambra State Nigeria for assistance in
statistical analysis.

REFERENCES

[1] Behera, BK, BK. Dash and D.K. Das 1990. Development and Testing of a
Power Operated Wheat Thresher. Mechanization in Asia, Africa and Latin
America. Vol. 24 (4):15-21

[2] Bittner, DR, H.B. Manbeck, and N.N. Mohsenin. 1967. A Method for
Evaluation Cushioning Materials used in Mechanical Harvesting and
Handling of Fruits and Vegetables. Trans. Of the ASAE 19 (6), 711-714

[3] Brogliaoto, B., 1999, Nonsmooth Mechanics, Springer - Verlag, London, UK

[4] Browne, D.A. 1962. Variation of Bulk Density of Cereals with Moisture
content. ]. Engineering Research 7, 288 - 299.

[5] Chabara, SD.1975. Studies on Threshing of Paddy and Wheat by Axial Flow
Thresher. Unpublished .M. Tech. Dissertation, Agric. Engineering
Department and Technology, Pantnagar.

[6] Christopher The. (2011). Production and consumption of grains by the world
and Malaysia. Retrieved March 2011, from
http:/ /www christopher.com/blog/2011/02/ grains_prod_cons/

[7] Dash, SK.and D.K Das, 1989. Development of a Power-Operated Paddy
thresher. mechanization in Asia, Africa and Latin America. 20(3): 37 - 39.

[8] Desta, Kand T.N. Mishra, 1990. Development and Performance Evaluation of
a Sorghum Thresher.Mechanization in Asia, Africa and Latin America. 21(3):
33-37.

[9] Gregory, JM., 1988. Combine model for Grain Threshing. ]. Mathematical
Computer Modeling, 11, 506 - 509.Research Verification (M.ER.V.). ASAE.
Paper No 86 - 5032. St Joseph, MI 49085

[10] Huynh, VM, T. Powell and JN Siddal, 1982. Threshing and separation
process: A Mathematical Model. Trans of the AS.A.E,, 25(1), 65 - 73.

[11] Keller, ].B., 1986, " Ipact with friction, " ASME ] Apply. Mech,, 53, PP. 14,

[12] ] Kutzbach, HD., Quick, GR, 1999. Harvesters and Threshers. CIGR
Handbook of Agricultural Engineering, vol. IIl: Plant Production Engineering,
pp- 311-347.

[13] Mailander, M., 1984. Development of a dynamic modelofa ~ combine
harvester in com. ASAE Paper No. 841588. ASAE, St. Joseph, MI.

[14] Miy, P.I, 1994. Concave separation in a tangential hreshing unit. ASAE Paper
No. 941544. ASAE, St. Joseph, M1

[15] Miy, P.I,1995. Modelarea procesului de treier la combinele derecoltat cereale
(Mathematical Modelling of Threshing Process in Cereal Combine
Harvesters), PhD diss. Bucharest:Politehnica’ University of Bucharest,
Romania.

[16] Miu, P.I, Beck, F., Kutzbach, H.D., 1997. Mathematical modeling of threshing
and separating process in axial threshing units. ASAE Paper No. 971063.
ASAE, St. Joseph, M1

[17] Miy, P.I, Kutzbach, H.D., 2000. Simulation der Dresch- und Trennprozesse in
Dreschwerken (Simulation of threshing and separation processes in threshing
units). Agrartechnische Forschung Sonderheft 6, 1-7.

[18] Ndirika, V.IO. 1994. Development and Performance evaluation of a millet
thresher. Journal of Agricultural Engineering Technology, 2, 83-88.

IJSER © 2011
http://www.ijser.org


http://www.christopher.com/blog/2011/02/grains_prod_cons/

International Journal of Scientific & Engineering Research, Volume 2, Issue 11, November-2011
ISSN 2229-5518

[19] Nura Islam and T.T. Pedersen, 1987. Some Physical Properties of Wheat and
Paddy and their relationships. Mechanization in Asia, Africa and Latin
America, 18(1), 45 - 50.

[20] Ramos, A.B, 1987. An Investigation of Power Requirement for Threshing Rice
using Locally Manufactured Axial Flow Thresher. Paper presented at IRRI
Feb. 14th Saturday Seminar.

[21] Ruth2003. Computer Simulation Analysis of Biological and Agricultural
Systems. McGraw-Hill Book Company, New York

[22] Singh, K. and H.C. Joshi, 1979. Axial Flow Thresher. Appropriate Technology
News letter, U.P. India. 2(4): 5 - 6.

[23] Stronge, W.J, 2000, Impact Mechanics, Cambridge University Press,
Cambridge.

[24] Vas, FM. and H.P. Harison, 1969. The Effect of selected Mechanical Threshing
Parameters on Kernel Damage and threshibility of Wheat. Canadian Agric.
Engineering,. 11(2): 88 - 87,91.

[25] Wessel, ], 1967. Grundlagen des Siebens und Sichtens. Teil II(Fundamentals
of screening and winnowing, Part II). Aufbereitungstechnik 13 (4), 167-180.

IJSER © 2011
http://www.ijser.org



