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ABSTRACT: The present study was conducted to evaluate the
performance of milling process under different operational factors
including feed rate, inclination angle of sieves and air suction for
cleaning and feed rate and roll clearance for milling process.

The obtained data showed that the proper conditions which gave
high cleaning efficiency were 12 Mg/h feed rate, 12° inclination angle
and 1kPa air suction, while milling process was efficient under feed
rate of 9 Mg/h and roll clearance of 1.95mm for first break, 1.50mm
for second break, 0.80 mm for third break, 0.75mm for fourth break
and 1mm for fifth break.

Key words: Wheat milling, feed rate, inclination angle, air suction, roll

clearance, break release

INTRODUCTION

Wheat is one of the most
adaptable of plants and is grown in
many parts of the world. Its wide
range of culfivation, both as
regards latitude and elevation, is
probably greater than that of any
other crop. Wheat is nufritionally
valuable and because it can be
grown under so great a variety of
conditions, it has become one of
the major staple foods for man. In
Egypt, the cultivated area is in the
range of 1.6 million fed,
producing 2.67 Mpg/fed. The
academic and applied researches
indicated that high flour quality
affected by the wheat

characteristics and the
performance of the milling system
industry machines. The wheat
milling process is many thousands
years old and has steadily changed
from simple grinding to complex
industry it is today.

The flour milling process
including reception and storage of
wheat, cleaning and preparing
wheat for milling, milling the
wheat, and packing and storage of

the finished products.

The performance of milling
process depends on different
factors including physical

properties and operational factors:
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Mohsenin (1970) mentioned
that the physical properties of the
materials such as size, volume,
shape and surface area are
important in many problems
associated with design of specific
machine, analysis of the behavior
of the product in handling of the
material, and stress distribution in
the material under load. Accurate
estimates of the frontal area and
the related diameter are essential
for the determination of terminal
velocity, drag coefficient and
'Reynolds number.,

Berlage ef al. (1984) stated that
the seed crops contain assorted
contaminants when harvested. This
include weed seeds, unwanted crop
sceds, broken plant parts, fungal
bodies, and soil particles. The
function of seed conditioning or
seed cleaning operations is to
remove or reduce these
contaminants to a level that meets
industry — wide purity standards.
Machines that take advantage of
various physical property
differences that occur between
crop seed and their contaminants
typically remove contaminants,
Commonly used properties are
length, width, thickness, shape,
density, and terminal velocity.

Matouk er al. (1985) reported
that in roller mills wheat grain pass
through break rollers and the pass
through many pathways plus the
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plan sifter and purifiers. In order to
get the flour at the extraction rate
of 87.5% or higher, the millers
have to recombine the throughout
of the different passages of the
plan sifters to obtain the required
amount of flour.

Kozmin (1988) classified the
types of milling equipment as
cutting machines; pressing
(crushing) machines, and machines
acting by free impact, milling
equipment may depends upon one
or a combination of two or more of
these types.

Gorial and O'callaghan (1991)
said that scparation of mixture of
particles in a vertical air stream is
only possibie when the
aerodynamic characteristics of the
particles are so different that the
light particles are entrained in the
air stream and the heavy particles
fall through it. Threshed crop
material contains grains together
with contaminants such as straw,
chaff threshed heads, and weeds,
each of the materials spans arrange
of aerodynamic priorities.

Seki et al. (1995) found that
milling tests were performed for a
gradual reduction mill at three
levels of grain moisture content
and three set roll-gaps. The effects
of milling conditions and input
product condition on the streams
after milling were investigated by
multivariate analysis. The results
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clarified the significant
relationship between each milling
condition and output production
condition. It is shown that it is
possible to calculate output
product condition by using the
milling condition parameters.

Fang and . Campbell (2003)
stated that the extended breakage
functions were used to predict
milling of unseparated feed
samples at different roll gaps and
moisture contents. In addition,
mixtures of hard wheat at 14%
moisture and soft wheat at 20%
moisture mixed in different
proportions, were milled and the
resulting particle size distributions
compared  with  predictions.
Excellent predictions were
obtained in all cases. This confirms
the independent breakage of
kernels during first break milling,
and demonstrates the potential of
the breakage function approach for
interpreting single kernel data in
terms of predictions of milling
performance.

This study aimed to

1.Choose the proper conditions to
operate milling technique.

2.0btain high-grade
production.

3.Minimize total flour loss during
milling process.

flour

4.0Optimize machines variables for
cleaning and milling processes.
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MATERIALS AND
METHODS

The experiments were carried
out at El-Mona wheat mill in Abo-
Hammad, Sharkia Governorate
during the summer season of 2003.

Materials

The. experiments were
conducted using wheat grains
(Sakha 69-variety) which was
cleaned using Satake dry stoner
and milled by Simon milling
machine

Satake dry stoner (cleaning

system)

Dry stoner is used to separate
impurities which are very similar
in size and shape to wheat but
differ in weight , such as stones,
mudballs, pieces of metal other
than iron, glass, concentrating
ergot, with the specifications as
shown in Fig. 1.

Simon  milling machine

(milling system)

The machine described and
illustrated in Fig. 2 is the Simon
type H four — roller mill. Like all
four —roller mills, it is really two
separate two- roller mills placed
back to back in the same frame;
each half is fed and driven
independently and can; if required,
be used for entirely different
purposes.
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Sieves

To conduct the sieving process,
it used different sieves with
various meshes {grooves
diameters) have certain numbers
confirm each stage of break stages
as follows:

Number of Sieve
break stage mesh, p
First break (B1) 1050
Second break ( B2) 1050
Third break (B3) 950
Fourth break ( B4) 300
Fifth break (BS) 350
Methods
To  choose the  proper
conditions which have high
efficiency of cleaning and milling
processes, the following
experiments were conducted.
Cleaning stage
The first experiment was
carried out to evaluate the

performance of dry stoner cleaner
under three levels of air suction
named (1, 1.26 and 1.52kPa), three
feed rates of (12, 14 and 16 Mg/h)
and three sieves inclination angles
are (10, 12 and 14 degree).

The performance of cleaner
was calculated using the equation
as follows:

Mt-Mi

CE= M

X 100 %
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Where: CE - the cleaning
efficiency,%; Mt- total mass of
wheat sample, g. and Mi-mass
of impurities such as stone and
dust, g.

Milling stage

The second experiment was
run 1o cvaluate the effect of feed
rate and roll clearance on
efficiency of milling process using
Simon milling machine on break
system which include five stages.

Tests were  conducted using
three levels of feed rates (8,9 and
10Mg/h)  under  three  roll
clearances for each stage of break
stages as follows:

First break (B1) (1.65, 1.95 and
2.25mm),|

Second break (B2) (1.20, 1.50 and
1.80mm},

Third break (B3) (0.50, 0.80 and
1.10 mm),

Fourth break (B4) (0.45, 0.75 and
1.05mm) and

Fifth break (B5) (0.70, 1.00 and
1.30mm).

Efficiency based on the
percentages of pass P and break
release Br through the different
sieve sizes for various stages of
milling and compared them with
the optimum values for each stage.
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The optimum values for each
stage are as follows

Number of

break stage P.,% Br,%
Bl 30 70
B2 50 50
B3 55 45
B4 20 80
B5 30 70
RESULTS AND
DISCUSSION
The obtained results were

discussed as follows:

Effect of Some Factors on
Cleaning Efficiency

Inclination angle

Results were shown in Fig. 3
cleared that the highest values of
cleaning efficiency were obtained
under inclination angle of 12°
compared to the other angles, these
values were 99.46, 99.35 and
98.8% in case of feed rate of 12
Mg/h, while they were 99.38, 99.2
and 98.7% and 99.35 , 99.17 and
68.5% under feed rates of 14 and
16 Mg/h under air suction of
1,1.26 and 1.52 kPa, respectively.

Feed rate

From Fig. 4, it can be noticed
that the increase of feed rate from
12 to 16 Mg/ followed with a
reduction in the cleaning efficiency
under different inclination angles
of 10, 12 and 14° and air suctions
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of 1, 1.26 and 1.52kPa. This is
may be due to that the use of litile
amount of grains gives a good
chance to the cleaning device for
working with more efficiency and
increase its ability of cleaning.

Air suction

The results in Fig. 5 cleared
that the increase of air suction was
accompanied with a decrease in
the cleaning efficiency, whereas,
the highest values of cleaning
efficiency were obtained in the
case of using air suction of 1kPa
compared to the others, these
values which obtained under
inclination angles of 10, 12 and
14°, respectively, were 99.2, 99.46
and 99.35% under feed rate of 12
Mg/h, 99.1, 99.38 and 98.97%
under feed rate of 14 Mg/h and
98.8, 99.35 and 98.75% under feed
rate of 16 Mg/h.

Effect of Feed Rate and Roll
Clearance on Milling Process

Efficiency of milling process
based on the percentages of pass P
and break release Br through the
different sieve sizes for various
stages of milling and compared
them with the optimum values for
each stage.

Feed rate

The effect of different feed
rates of 8, 9 and 10 Mg/h on the
milling efficiency expressed by
percentages of pass and break
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release  and  different  rofl
clearances was showed in Figs 6
and 7 for various stages.

It is noticed that under the
mentioned feeding rates for first
stage, the values of pass
percentages P and break release
percentages Br were 37, 25 and
31% and 63, 75 and 69%
respectively under roll clearance of
1.95 mm.

By comparing these results
with optimum value of P 30% and
Br 70%, it can be observed that the
use of feed rate of 9 Mg/h gives
the best milling efficiency.

For second stage with optimum
pass and break release of 50% and
50%, 'the nearest value to the
mentioned  percentages  were
obtained in the case of using feed
rate of 9 Mg/h under the roll
clearance of 1.2, 1.5 and 1.8mm.

The same trend was recorded
for the third stage with optimum P
and Br of 45% and 55%,
respectively, with feed rate of 9
Mg/h.

For fourth stage with standard
P of 80% and Br of 20%, the
proper values for both of p and Br
were recorded in the case of feed
rate of 9 Mg/h, these values were
22, 21 and 10% for p and 78, 79
and 90% for Br under the roll
clearances of 0435, 075 and
1.05mm.
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For fifth stage the use of feed
rate of § Mg/h gave values were
the nearest of pass and break
release percentages comparing to
the standard values of 30% for P
and 7% for Br for fifth stage.

Roll clearance

The effect of roll clearance in
the milling efficiency was studied
through the different stages of
milling as shown in Figs 8 and 9.

For first stage and comparing
to the standard p and Br, the proper
values were obtained under roll
clecarance of 195 mm in
comparison of the others 1.65 and
2.25 mm under feed rates of 8, 9
and 10 Mg/h.

The values of P were 53, 52
and 57% and Br of 47, 48 and 43%
were obtained under roll clearance
of 1.50mm for second stage, these
values represented the nearest ones
to the standards values .

For third stage, the nearest
values of P and Br compared to the
standard ones were recorded under
clearance of 0.80mm.

For fourth stage, the proper
values for both of P and Br were
recorded in the case of roll
clearance of 0.75mm.

At last for fifth stage, it can be
observed that the use of roll
clearance of 1.00 mm gives the
best milling efficiency compared
to the others. )
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CONCLUSION

From the conducted
experiments and the obtained
results, it can be concluded that:

The cleaming system can be
operated more efficient in the case
of adjusting the sieves under
inclination angle of 12°, use of air
suction of 1 kPa, and feeding the
wheat grains with rate of 12 Mg/h.

Wheat milling efficiency can

be improved by using feed rate of.

- 9 Mg/h for all stages and adjusting
the clearances between the rolls at
1.95, 1,50, 0.80, 0.75 and imm for
1, 2 3@ 4% and 5™ stage,
respectively.
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