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ABSTRACT 

Experiments were carried out to derive aerodynamic analysis and evaluate 

the performance of a rice milling machine. Physical and engineering 

properties of grains under study have to be considered to study their effect on 

the performance of the milling machine. The performance of the milling 

machine was studied under the following parameters: feed rate, drum speed, 

concave clearance and seed moisture content. Performance evaluation of the 

machine was carried out in terms of overall machine efficiency, total grains 

losses, machine productivity, required power, specific energy and criterion 

cost. The experimental results reveal that the highest values of machine 

productivity and overall machine efficiency were 925 kg/h and 92.38%, 

while the lowest values of required power and specific energy were 9.2 kW 

and 11.95 kW.h/Mg, furthermore the lowest values of both operational and 

criterion costs were 9.15 L.E./ Mg and 48.05 L.E./ Mg, respectively. The 

optimum operating parameters of milling machine were found at 10 m/s air 

velocity by using 1.4 Mg/h feed rate with 10 mm concave clearance and 850 

rpm drum speed at 16 % grain moisture content. 

1. INTRODUCTION 

ice crop is considered as one of the most important grain crops 

in the world. One of the major problems of rice milling industry 

is breakage of grains during the process of milling. Broken 

kernels cause a loss because they have lower market value. Milling loss 

has been estimated and found to be in the range of 3 to 10%. The 

objective of rice milling is to obtain the maximum possible yield from the 

whole kernels of white rice and minimize the amount of broken kernels. 

The total yield of milled rice depends on variety, purity, percentage of 

mature kernels, moisture content, crack duration of storage, milling 

techniques, pre-milling procedures and degree of polishing.  
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Physical and engineering properties of grains have to be considered to 

study their effect on the performance of the milling machine. Arora 

(1991) conducted an experiment to study the engineering properties such 

as size, diameter, volume, bulk density, Particle density, porosity, 

terminal velocity, drag coefficient and resistance coefficient of three 

varieties of rough rice (Oryza Sativa, L.) at five levels of grain moisture 

contents of (8.1, 14.20, 18.23, 23.40, 27.23% db). He found that, physical 

properties were linearly dependent upon moisture content. 

Abdel-Maksoud et al. (1995) indicated that the breakage of rice kernels is 

a major problem faced by rice processor. The ultimate cause of breakage 

in rice milling related to the moisture content of the grain at time of 

harvesting, method of drying, and numerous other events in the history of 

grain. On the other hand, the rice industry recognizes that breakage 

depends to some extent on the mechanical stress applied to rice kernels 

during shelling and milling process. The mechanical stress on rice kernels 

during milling process depends mainly upon type of milling machine and 

the operational characteristics of each type. Helmy (1995) studied the 

effect of milling time on rice milling process by using a Japanese 

circulating rice polisher, model (RA-150). He found that increasing 

milling time tends to increase the percentage of broken milled rice, degree 

of whitening and to decrease head yield and grain strength of milled rice 

with two rice varieties at different moisture contents. The best results 

were obtained at 50 min milling time for short grain and 40 min for long 

grain rice variety. Koide and Nishiyama (2001) measured the milling 

power and milling energy during abrasive milling under five rotor 

revolutions (800, 1000, 1400, 1600 rpm) using a batch type abrasive 

milling machine. Result indicated that the milling power decrease with 

milling time. Radwan (2001) showed that, the mechanical damage 

occurring in rice grains during the milling process depends not only on 

the milling machine design but also on the physical properties of rice. 

Experiments were conducted to study the milling quality and energy 

consumption for five local rice varieties (Giza 181, Giza 177 and Giza 

178, Yasmien and Sakha 102) at different levels of moisture content. The 

experimental results showed that, grain variety and moisture content had 

profound effects on energy consumption and grain quality. Kenghe 
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(2006) conducted a study to compare the relative performance of huller 

mill with mini rice mill and modern rice mill. The raw paddy of variety 

Ambemohar-157 and LK-248 were selected for testing the rice mill 

machinery. The total rice yield for the rice variety was found higher in the 

modern rice mill compared to the other machineries tested. Minimum 

broken percentage was found in total yield of rice in modern rice mill and 

mini rice mill. However, higher broken percentage was found in huller 

mill. Firouzi et al. (2010) studied the effects of two engineering factors 

on the performance of Engleberg rice whitener as the most common 

machine for rice milling. Three levels of the size of perforated screen 

(No. 22, 24 and 26) and three levels of the blade-rotor clearance (8, 10 

and 12 mm) were considered for the experiment. It was concluded that as 

the size of perforated screen increased, amount of rice breakage and 

whiteness decreased at first and then did not change significantly. 

Amount of rice breakage and whiteness decreased with increasing the 

blade-rotor clearance. The output rate increased significantly with 

increasing blade-rotor clearance but the effect of the size of perforated 

screen was insignificant on the output rate. A clearance of 10 mm and 

perforated screen No. 26 was the best combination for milling of Hashemi 

variety using Engleberg rice whitener. Firouzi and Alizadeh (2011) 

demonstrated effect of whitener type and paddy moisture content on rice 

grain damage during milling process. A factorial based on randomized 

completely design with three levels of moisture content of 8-9, 10-11 and 

12-13% (w.b.) and three types of universal rice whitener machines, 

abrasive type whitener (AW), blade-type whitener (BW) and frictional-

type bladeless whitener (FBLW) was conducted in triplicates. The 

obtained results indicated that the effect of moisture level and whitener 

type on the broken rice was significant. The lowest percentage of broken 

white rice (10.14%) took place in the AW with moisture level of 8-9%, 

whereas the highest percentage of broken rice (17.19%) was defined in 

FBLW with 12-13% moisture. The lowest percentages of cracked grains 

of 3.29% and 2.84% were measured in AW and paddy moisture content 

of 8-9%, respectively. It seems that using abrasive type whitener with 

paddy moisture level of 8-9% is the most proper choice for milling of 

Hashemi variety. 
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So, the objectives of this study are to:  

 Carry out aerodynamic analysis to determine air velocity suitable for rice 

milling operation. 

 Optimize some operating parameters (drum speed, concave clearance, 

grain moisture content and feed rate) affecting the performance of the rice 

milling machine. 

 Evaluate the milling machine from the economic point of view. 

2. MATERIALS AND METHOD 

This study was carried out through the year of 2012 at Department of 

Agricultural Engineering, Faculty of Agriculture, Zagazig University to carry 

out aerodynamic analysis and evaluate the performance of a rice milling 

machine (abrasive type). 

2.1. MATERIALS: 

2.1.1. The used crop: 

Short grain rice (Sakha 104) variety was used. 

2.1.2. The milling machine: 

The milling machine (abrasive type) was used to study the effect of some 

operating parameters on rice milling yield. The used milling machine carry 

out two operations at the same time (husking and whitening) so as to save 

time and cost. 

2.1.2.1. Specifications of milling machine: 

The milling machine consists mainly of power source, transmission system, 

frame, milling unit (husking and whitening) as shown in Fig. 1 and Photo 1. 

2.1.2.1.1. The power source: 

The machine was powered by an electric motor 18.4 kW (25 hp) at a rated 

speed of 1500 rpm. 

2.1.2.1.2. The transmission system: 

The machine is operated by means of pulley (33.5 cm diameter) and belt 

powered from the electric motor pulley (19 cm diameter). The power is 

transmitted from the machine pulley to the other moving parts by means of 

pulleys and belts with different speed ratios. 
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2.1.2.1.3. The frame: 

The frame is made of rectangular iron sheet steel. It includes elements to fix 

the motor, the transmission system, the husking and whitening unit. It was 

carried by two ground wheels of 76 cm diameter. 

2.1.2.1.4. The milling unit: 

The milling unit consists of a drum and concave with holes. Specifications of 

the milling unit were as follow: type of milling is abrasive type, milling drum 

length 23 cm, milling drum diameter 7.5 cm, number of drum slices 2, 

concave length 25 cm, concave cells shape is rectangular having dimensions 

of (15 – 2 mm). 

The rice grains fall in the milling unit to be husked and milled. A suction air 

stream is supplied by a centrifugal blower. The air sucked by the blower 

entrains brains from milled rice to be passed through the concave holes 

outside the machine. Another horizontal air stream is supplied by a fan to 

push milled rice to be delivered from the milled rice outlet.   

The main dimensions of the machine were as follow: 

Overall length 2250 mm, overall width 1300 mm, overall height 1730 mm, 

total mass 750 kg. 

2.2. METHODS: 

Rice samples were taken after harvesting by combine at grain moisture 

content of about 21.2%. Then, they dried using natural drying method under 

shade in layers to get the different levels of grain moisture content in order to 

study their effect on total grain losses and overall machine efficiency at 

different operating parameters of milling machine. 

2.2.1. Physical and engineering properties of rice grains: 

In recent years, there has been a general recognition of the need to determine 

the physical and engineering characteristics of grains. This characteristics are 

used to develop and design different machines or in the analysis of the 

behavior of the product in handling of material. 

In this study some physical and engineering properties of rice crop were 

either measured or calculated. 

a. Physical properties: 

A random sample of about 500 grains was taken from rice crop to obtain data 

on some physical properties such; as length, width, thickness, mass of 1000 
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grains, volume, arithmetic diameter, geometric diameter, frontal area, 

transverse area, and percent of sphericity. 

b. Engineering properties: 

Some engineering properties (aerodynamic and mechanical properties) Such 

as: terminal velocity, repose angle, and friction angle were considered. A 

quantity of grains was used to determine repose angle. The grains were 

poured under gravity from a suitable height to form a cone surface and the 

horizontal plan was recorded to represent response angle of grains using the 

meter of repose angle. Grain friction angle was measured on metal sheet 

surface at grain moisture content of 14 to 20 % using a digital friction angle 

device. The terminal velocity is determined by measuring the air velocity 

required to suspend a seed in a vertical air stream by aerodynamic tube (Fig. 

2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Critical velocity apparatus. 

2.2.2. Aerodynamic analysis: 

Determination of air stream velocity:  

The behavior of particles entrained in a vertical and horizontal stream of 

air. The particles would be acted upon by gravitational force G and the 
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force F due to the air stream (Fig. 2). The force F may be obtained from 

Newton's equation (Klenin et al., 1985): 

  N,
2

)
b

Va(V.A aρK.F                                (1) 

Where: aρ : the density of air, kg/m
3
 

A : Projected area of the body on a plane perpendicular to he direction of 

motion of the air stream (the midsection of the body), m
2
 

Va : Velocity of the air stream, m/s 

Vb : Velocity of the body, m/s 

K: Coefficient depends upon many factors which govern both the body 

and the air stream determined from the experimental determination of 

critical velocity. 

During the flow of air in the vertical direction, the forces G and F act in 

opposite directions, Where G is the weight of the body, N. Depending 

upon the relationships between these forces, the particle may move 

downward when G > F, upward when F > G or may remain suspended 

when G = F, that is Vb = 0 The velocity Vcr of the air stream at which the 

body remains suspended is known as the critical velocity or the terminal 

velocity. It follows from the condition G = F that:  

.A  aρG/K.
2
crV                                            (2) 

The coefficient of resistance depends on the shape of the body, its 

surface, state and species of the medium in which it is located and on the 

velocity of the air stream. The coefficient K decreases with increasing 

velocity of the air stream. The drift coefficient is expressed by:  

.A/G  aρK. 81.9
d

K                                        (3) 

Solving equations 2 and 3 simultaneously, therefore,  

  
2
crV / 81.9  

d
K                                             (4) 

Kd: is determined by an indirect method from the critical velocity which 

is determined experimentally. The critical velocity is determined in a drift 

classifier or in an aerodynamic tube (Fig. 2). The velocity of the air is 

calculated from the dynamic head of the air stream. Since the dynamic 

head equals the kinetic energy of a unit volume of air, that is, 

(5)                          m
2N/  ,2/)

2
aV.a(2/)

2
a(mV

d
h                           
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Where: m: the mass of 1 m
3
 of air kg, (m = a ), Solving the above, 

therefore,  

(6)                                         
d

h ).a/2(
2
aV                                          

When assuming that at 20 ˚C and 10.3×10
4
, N/m

2
 atmospheric 

pressure, the density of air equals 1.2 kg/m
3
,  

Therefore,               

  (7)                                   m/s ,
d

h 1.29aV                                        

Where: hd: is the dynamic head and can be measured by pitot tube. From 

the above mentioned analysis it can be concluded that Vcr = (7.9 and 2.8 

m/s) for rice grain and bran respectively. So, air stream velocity should be 

more than 7.9 m/s (more than critical velocity of rice grains) so as to be able 

for pushing milled rice to deliver from milled rice outlet. Pre-experiments 

were carried out and their results show that using air stream velocity of 10 

m/s during the milling operation, about 100 % of clean milled rice could be 

pushed to the milled rice outlet without any bran.  

2.2.3. Experimental Conditions: 

The performance of the machine was experimentally measured under the 

following parameters: four different feed rates (1.0, 1.2, 1.4, and 1.5 Mg/h), 

four different drum speeds (750, 800, 850, and 950 rpm), four different 

concave clearances (8, 9, 10, and 11 mm) and four different seed moisture 

contents (13, 15, 17, and 19 %). 

2.3. MEASUREMENTS AND DETERMINATIONS:  

Evaluation of the performance of the rice milling machine was based on the 

following indicators: 

Total grains losses:  

Total grains losses includes both broken grains and unshelled grains. The 

percentage of total losses was calculated by using the following equation:  

(8)                          grains unshelled grainsbroken  losses Totalgrain 

The percentage of broken grains (Bg): 

 100
sample  theof mass Total

sample in the grains  ricebroken  of Mass
 Bg                   (9) 

The percentage of unshelled grains (unshg): 

100
sample  theof mass Total 

sample in the grains rice unshulled of Mass
 gunsh              (10) 
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Machine productivity:  

Machine productivity was determined by the following equation:  

kg/h   , 
t

Ms
Mp                                           (11) 

Where: Mp = machine productivity, kg/h     

Ms = mass of milled rice, kg 

t = the time consumed in the milling operation, h 

Overall machine efficiency:  

Overall machine efficiency (Me) was calculated by using the following 

equation: 

 100
sample  theof mass Total

sample in theoperation  milling from grainsoutput  of Mass
 Me   (12)   

Required power:  

The following formula was used to estimate the required power. 

  VIφ cos3P                                    (13) 

Where: P = power required, kW  ,    I = current intensity, Ampere 

            V = Voltage, (380 v)        ,   φ cos = 0.70 

Specific energy:  

Specific energy for the threshing and cleaning operation can be calculated 

as follows: 

 kW.h/kg,
typroductivi Machine

power Required
energy   Specific             (14) 

Criterion cost:  

The criterion cost required for the threshing and cleaning operation was 

estimated using the following equation (Awady et al., 1982):  

 L.E./Mg cost, losses seed cost  operating cost Criterion         (15) 

L.E./Mg,
typroductivi Machine

cost Machine
cost  Operating             (16) 

Machine cost was determined using the following equation (Awady, 1978):  

  
144

m
(W.e)r)t

2

i

a

1
(

h

p
 C                         (17) 

C = machine cost, L.E./h              p = price of machine, L.E. 

h = yearly working hours, h/year      a = life expectancy of the machine, h 

i = interest rate/year             t = t axes, over heads ratio 

r = repairs and maintenance ratio     W = power of motor in, kW 
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e = hourly cost/kW.h             m = the monthly average wage, L.E. 

144 = reasonable estimation of monthly working hours. 

3. RESULTS AND DISCUSSION 

The obtained results will be discussed under the following items: 

3.1. Physical and engineering properties of rice grains: 

Table (1) shows some physical properties of the rice grains while Table (2) 

shows some engineering properties of the same grains. 

Results illustrated in table (1) indicated some physical properties such; as 

length, width, thickness, mass of 1000 grains, volume, arithmetic diameter, 

geometric diameter, frontal area, transverse area and percent of sphericity. 

Table (1): Some physical properties of rice grains. 
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Sakha 104 

variety 
8.17 3.97 2.47 16.97 41.93 4.87 4.31 25.46 55.85 52.77 

 Results illustrated in table (2) indicated some engineering properties 

(aerodynamic and mechanical properties) Such as: terminal velocity, repose 

angle, and friction angle. 

Table (2): Some engineering properties of the used crop. 

Rice crop 

Engineering properties 

Aerodynamic properties Mechanical properties 

Critical velocity of 

grains, m/s 

Impurities critical 

velocity, m/s 

Repose 

angle, deg 

Friction 

angle, deg. 

Sakha-104 7.87 – 7.93 2.78 – 2.82 35-39 40-44 

3.2. Influence of some operating parameters on unshelled grains, broken 

grains and total grain losses at different rice crop feed rates: 

Representative values of unshelled grains, broken grains and total grain 

losses versus drum speed, concave clearance and grain moisture content at 

different rice crop feed rates are given in Fig.3. 
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Fig. (3): Effect of drum speed, concave 

clearance and grain moisture content on 

unshelled grains, broken grains and total losses 

at different rice crop feed rates. 
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Concerning the effect of drum speed, results show that increasing drum 

speed from 750 to 900 rpm, measured at different feed rates of 1.0, 1.2, 1.4 

and 1.5 Mg/h, decreased unshelled grains from 1.79 to 0.83, from 1.84 to 

0.95, from 1.89 to 1.07 and from 2.23 to 1.49 %, while increased broken 

grains from 6.28 to 7.15, from 6.10 to 6.92, from 6.00 to 6.70 and from 5.92 

to 6.60%, respectively. On the other hand, increasing drum speed from 750 

to 850 rpm, measured at the same previous feed rates, decreased total grain 

losses from 8.07 to 7.81, from 7.97 to 7.71, from 7.89 to 7.62 and from 8.15 

to 7.90 %. Any further increase in drum speed more than 850 up to 900 rpm 

measured at the same feed rates, increased total grain losses from 7.81 to 

7.98, from 7.71 to 7.87, from 7.62 to 7.77 and from 7.90 to 8.09 %, 

respectively at constant concave clearance of 10 mm and grain moisture 

content of 16 %. As shown in Fig. 3, the increase in broken grain by 

increasing drum speed is due to the high impacting force applied to the 

grains by the drum slices. While the decrease in unshelled grains by 

increasing drum speed is attributed to the high stripping and impacting forces 

applied to the grains, that tended to improve milling operation and decreased 

unshelled grains. On the other hand, increasing feed rate increased unshelled  

grains due the excessive grains in the milling unit, consequently the material 

leave the device without well milling that tends to increase unshelled grains. 

So, total grain losses including both broken grains and unshelled grains are 

essential to establish optimum working conditions (Fig. 3). 

Relating to the effect of concave clearance, results show that increasing 

concave clearance from 8 to 11 mm, measured at different feed rates of 1.0, 

1.2, 1.4 and 1.5 Mg/h, increased unshelled grains from 0.60 to 1.46, from 

0.74 to 1.51, from 0.90 to 1.61 and from 1.10 to 1.90 %, while decreased 

broken grains from 7.40 to 6.50, from 7.16 to 6.34, from 6.98 to 6.14 and 

from 6.85 to 6.00 %, respectively. But, increasing concave clearance from 8 

to 10 mm, measured at the same previous feed rates, decreased total grain 

losses from 8.00 to 7.81, from 7.90 to 7.71, from 7.88 to 7.62 and from 8.10 

to 7.90 %. Any further increase in concave clearance more than 10 up to 11 

mm measured at the same feed rates, increased total grain losses from 7.81 to 

7.96, from 7.71 to 7.85, from 7.62 to 7.75 and from 7.90 to 8.05 %, 

respectively at constant drum speed of 850 rpm and grain moisture content of 

16 %. The decrease in broken grains by increasing concave clearance is 
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due to the increase of milled material thickness on the concave surface. 

While, the increase in unshelled grains by increasing concave clearance is 

attributed to the low stripping and impacting forces applied to the rice 

grains. 

As to the effect of grain moisture content, the obtained results show that 

increasing grain moisture content from 14 to 20 %, measured at different 

feed rates of 1.0, 1.2, 1.4 and 1.5 Mg/h, increased unshelled grains from 0.90 

to 1.85, from 1.02 to 1.93, from 1.15 to 2.05 and from 1.47 to 2.30 %, while 

decreased broken grains from 7.02 to 6.35, from 6.80 to 6.10, from 6.60 to 

5.90 and from 6.40 to 5.80 %, respectively. On the other hand, increasing 

grain moisture content from 14 to 16 %, measured at the same previous feed 

rates, decreased total grain losses from 7.92 to 7.81, from 7.82 to 7.71, from 

7.75 to 7.62 and from 8.02 to 7.90 %. Any further increase in grain moisture 

content more than 16 up to 20 % measured at the same feed rates, increased 

total grain losses from 7.81 to 8.20, from 7.71 to 8.03, from 7.62 to 7.95 and 

from 7.90 to 8.30 %, respectively at constant drum speed of 850 rpm and 

concave clearance of 10 mm. Higher values of grain moisture content more 

than the optimum value tend to increase total losses because of the increase 

in unshelled grains by increasing grain moisture content. On the other side, 

the lower values of grain moisture content less than the optimum value tend 

to increase total losses due to the increase in broken grains by decreasing 

grain moisture content. 

3.3. Influence of some operating parameters on machine productivity 

and overall machine efficiency at different rice crop feed rates: 

Representative values of both machine productivity and overall machine 

efficiency versus drum speed, concave clearance and grain moisture content 

at different rice crop feed rates are given in Fig.4. 

With respect to the effect of drum speed, results show that increasing drum 

speed from 750 to 900 rpm, measured at different feed rates of 1.0, 1.2, 1.4 

and 1.5 Mg/h, increased machine productivity from 558 to 612, from 680 to 

731, from 810 to 860 and from 862 to 909 kg/h, consecutively. On the other 

hand, increasing drum speed from 750 to 850 rpm, measured at the same 

previous feed rates, increased overall machine efficiency from 91.93 to 

92.19, from 92.03 to 92.29, from 92.11 to 92.38 and from 91.85 to 92.10 %, 

respectively.  
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Fig. (4): Effect of drum speed, concave 

clearance and grain moisture content on 

machine productivity and overall machine 

efficiency at different rice crop feed rates. 
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While the further increase in drum speed more than 850 up to 900 rpm 

measured at the same feed rates decreased overall machine efficiency from 

92.19 to 92.02, from 92.29 to 92.13, from 92.38 to 92.23 and from 92.10 to 

91.91 %, respectively at constant concave clearance of 10 mm and grain 

moisture content of 16 %. The increase in overall machine efficiency in the 

range from 750 to 850 rpm is attributed to the high stripping and impacting 

forces applied to the grains, that tended to improve milling operation. 

While the vise versa is noticed in the range from 850 to 900 rpm due to 

the increase in grain losses. 

With respect to the effect of concave clearance, results show that increasing 

concave clearance from 8 to 11 mm, measured at different feed rates of 1.0, 

1.2, 1.4 and 1.5 Mg/h, increased machine productivity from 555 to 607, from 

675 to 730, from 805 to 862 and from 860 to 912 kg/h, consecutively. 

In spite of, increasing concave clearance from 8 to 10 mm, measured at the 

same previous feed rates, increased overall machine efficiency from 92.00 to 

92.19, from 92.10 to 92.29, from 92.20 to 92.38 and from 91.90 to 92.10 %, 

respectively. While the further increase concave clearance more than 10 up 

to 11 mm measured at the same feed rates decreased overall machine 

efficiency from 92.19 to 92.04, from 92.29 to 92.15, from 92.38 to 92.25 and 

from 92.10 to 91.95 %, respectively at constant drum speed of 850 rpm and 

grain moisture content of 16 %. The increase in overall machine efficiency 

is attributed to the decrease in total grains losses, that tended to improve 

milling operation. On the other hand, the increase in machine productivity 

by increasing concave clearance due to the increase of seeds flow through the 

concave openings at the same time unit. 

In relation to the effect of grain moisture content, results show that increasing 

grain moisture content from 14 to 20 %, measured at different feed rates of 

1.0, 1.2, 1.4 and 1.5 Mg/h increased machine productivity from 588 to 622, 

from 708 to 740, from 838 to 872 and from 890 to 925 kg/h, consecutively. 

In spite of, increasing grain moisture content from 14 to 16 %, measured at 

the same previous feed rates, increased overall machine efficiency from 

92.08 to 92.19, from 92.18 to 92.29, from 92.25 to 92.38 and from 91.98 to 

92.10 %, respectively. While the further increase grain moisture content 

more than 16 up to 20 % measured at the same feed rates decreased overall 

machine efficiency from 92.19 to 91.80, from 92.29 to 91.97, from 92.38 to 
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92.05 and from 92.10 to 91.70 %, respectively at constant drum speed of 850 

rpm and concave clearance of 10 mm. Values of grain moisture content more 

or less than the optimum value tend to decrease machine efficiency because 

of the increase in total grain losses. With respect to, the machine productivity 

increased by increasing grain moisture content due to the increase in weight 

of grains. 

3.4. Influence of some operating parameters on required power and 

specific energy at different rice crop feed rates: 

Representative values of both required power and specific energy versus 

drum speed, concave clearance and grain moisture content at different rice 

crop feed rates are given in Fig.5. 

Relating to the effect of drum speed, obtained results show that increasing 

drum speed from 750 to 900 rpm, measured at different feed rates of 1.0, 1.2, 

1.4 and 1.5 Mg/h, increased required power from 9.2 to 12.1, from 9.5 to 

12.5, from 9.9 to 13.0 and from 10.3 to 13.4 kW, consecutively. Also, 

increased specific energy from 16.49 to 19.77, from 13.97 to 17.10, from 

12.22 to 15.12 and from 11.95 to 14.74 kW.h/Mg, respectively, at constant 

concave clearance of 10 mm and grain moisture content of 16 %. Power and 

specific energy increased by increasing drum speed mainly because the 

increase in drum speed is frequently accompanied by appreciable increase in 

electric consumption, that tends to increase power and energy. 

Concerning the effect of concave clearance, results show that increasing 

concave clearance from 8 to 11 mm, measured at different feed rates of 1.0, 

1.2, 1.4 and 1.5 Mg/h, decreased required power from 13.0 to 10.1, from 

13.4 to 10.5, from 13.8 to 10.9 and from 14.2 to 11.2 kW, respectively. Too, 

decreased specific energy from 23.42 to 16.63, from 19.85 to 14.38, from 

17.14 to 12.65 and from 16.51 to 12.28 kW.h/Mg, respectively at constant 

drum speed of 850 rpm and grain moisture content of 16 %. The decrease in 

both power and energy by increasing concave clearance is attributed to the 

smoothly seeds flow on the concave surface that reduces power and energy.  

With regard to the effect of grain moisture content, obtained results show that 

increasing grain moisture content from 14 to 20 %, measured at different 

feed rates of 1.0, 1.2, 1.4 and 1.5 Mg/h, increased required power from 10.3 

to 12.8, from 10.8 to 13.3, from 11.4 to 13.9 and from 11.8 to 14.2 kW, 

consecutively. 
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Fig. (5): Effect of drum speed, concave 

clearance and grain moisture content on 

required power and specific energy at different 

rice crop feed rates. 
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Also, increased specific energy from 17.52 to 20.58, from 15.25 to 17.97, 

from 13.60 to 15.94 and from 13.26 to 15.35 kW.h/Mg, respectively at 

constant drum speed of 850 rpm and concave clearance of 10 mm. The 

increase in both power and specific energy by increasing grain moisture 

content is attributed to the excessive load of grains on the machine devices 

which consumed more power. 

3.5. Influence of some operating parameters on operational and 

criterion costs at different rice crop feed rates: 

A complete cost analysis was made at different operating conditions and 

related with machine productivity. The resulting operating cost was found to 

be affected significantly by both feed rate and power. 

To be more accurate, the criterion cost was used as an important indicator 

for selecting optimum feed rate suited for a certain drum speed, definite 

concave clearance and certain grain moisture content. The criterion cost 

was based on machine productivity, losses, power and operating cost. 

Therefore, minimization of criterion cost in relation to drum speed, 

concave clearance and grain moisture content is required to perform the 

milling operations as good as possible. Representative values of both 

operational and criterion costs versus drum speed, concave clearance and 

grain moisture content at different rice crop feed rates are given in Fig.6. 

With respect to the effect of drum speed, results show that increasing drum 

speed from 750 to 900 rpm, measured at different feed rates of 1.0, 1.2, 1.4 

and 1.5 Mg/h, decreased operational cost from 15.16 to 13.82, from 12.44 to 

11.57, from 10.44 to 9.84 and from 9.81 to 9.31 L.E./Mg, respectively. On 

the other hand, increasing drum speed from 750 to 850 rpm, measured at the 

same previous feed rates, decreased criterion cost from 55.51 to 53.15, from 

52.29 to 50.30, from 49.89 to 48.05 and from 50.56 to 48.90 L.E./Mg, 

respectively. Any further increase in drum speed from 850 to 900 rpm 

measured at the same feed rates criterion cost will increase from 53.15 to 

53.72, from 50.30 to 50.92, from 48.05 to 48.69 and from 48.90 to 49.76 

L.E./Mg, respectively at constant concave clearance of 10 mm and grain 

moisture content of 16 %. 

As to the effect of concave clearance, results show that increasing concave 

clearance from 8 to 11 mm, measured at different feed rates of 1.0, 1.2, 1.4 

and 1.5 Mg/h, decreased operational cost from 15.24 to 13.94, from 12.53 to  
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Fig. (6): Effect of drum speed, concave 

clearance and grain moisture content on 

operational and criterion costs at different rice 

crop feed rates. 
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11.59, from 10.51 to 9.81 and from 9.84 to 9.28 L.E./Mg, respectively. On 

the other hand, increasing concave clearance from 8 to 10 mm, measured at 

the same previous feed rates, decreased criterion cost from 55.24 to 53.15, 

from 52.03 to 50.30, from 49.51 to 48.05 and from 50.34 to 48.90 L.E./Mg, 

respectively. Any further increase in concave clearance from 10 to 11 mm 

measured at the same feed rates criterion cost will increase from 53.15 to 

53.74, from 50.30 to 50.84, from 48.05 to 48.56 and from 48.90 to 49.53 

L.E./Mg, respectively at constant drum speed of 850 rpm and grain moisture 

content of 16 %. 

In relation to the effect of grain moisture content, obtained results show that 

increasing grain moisture content from 14 to 20 %, measured at different 

feed rates of 1.0, 1.2, 1.4 and 1.5 Mg/h, decreased operational cost from 

14.39 to 13.60, from 11.95 to 11.43, from 10.10 to 9.70 and from 9.51 to 

9.15 L.E./Mg, respectively. On the other hand, increasing grain moisture 

content from 14 to 16 %, measured at the same previous feed rates, 

decreased criterion cost from 53.99 to 53.15, from 51.05 to 50.30, from 

48.85 to 48.05 and from 49.61 to 48.90 L.E./Mg, respectively. Any further 

increase in grain moisture content from 16 to 20 % measured at the same 

feed rates criterion cost will increase from 53.15 to 54.60, from 50.30 to 

51.58, from 48.05 to 49.45 and from 48.90 to 50.65 L.E./Mg, respectively at 

constant drum speed of 850 rpm and concave clearance of 10 mm. Both 

higher and lower values of drum speed, concave clearance and grain 

moisture content more or less than the optimum value tend to increase 

criterion cost due to the increase in total grain losses. 

4. CONCLUSION 

The experimental results recommended the following main points when 

using milling machine: 

 Adjust air velocity of the rice milling machine at 10 m/s. 

 Operate the milling machine at a drum speed of 850 rpm. 

 Adjust the milling machine at a concave clearance of about 10 mm. 

 Operate the milling machine at a feed rate of 1.40 Mg/h. 

 The best results were obtained at grain moisture content of 16 %. 
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 الولخـص العشبـي

 لأسصض اـتبييتقشيش وة ــآلن أداء ـوتقيي ـيالهىائ ـيل الذيناهيكــالتحلي

أ.د. هحوذ هحوذ هشاد حغن
*

هحوذ هحوذ بذسد.                                 
*
 

*
     

جنرحهذممم  جمشج لإبيعمع جنضاممبص   ج –كهذمع جنضسج ممع  –تمى تُيذممز جنربمبسس  الممى جنُٓذرمع جنضسج ذممع  

  رببسناذ أخز فٗ جلإ .(404رخب صُف ) جلأسص تاشذش ٔتبذذـضتاذذى أدج  آنع ٔ جنذ ُبيذكٗ جنٕٓجئٗ

 تمثيذش يعُمٕٖ  همٗ أدج  ج نمع يٕلمر جنذسجرمع.يمٍ نٓب نًب دسجرع جنخصبئص جنطبذعذع ٔجنُٓذرذع 

ج لات تلمرخذو نرصمًذى ٔتطمٕ ش  جنخصبئصدسجرع ٔتاذ ش يثم ْزِ ٔيًب لا بعم يببل نهشك أٌ 

ض . فيٗ ْزِ جنذسجرع تى دسجرع  عمرهٕك جنًُرج يٕلر جنذسجرعتحهذم جنًخرهيع فضلاً  ٍ دسجرع 

 جنحشجممع نكممم يممٍ لأبممٕس جلأسص ٔجنلممشط ٔرنممك لممش عجن نراممذ ش جنخصممبئص جنطبذعذممع ٔجنُٓذرممذع

  .جلأسص تاشذش ٔتبذذـضجنٕٓج  جنًثهٗ نعًهذع رش ع نرحذ ذ 

 : ذساعةال هوفيوا يلى الأهذاف الخاصة بهز

 .لأسصج تاشذش ٔتبذذـضإجشج  جنرحهذم جنذ ُبيذكٗ جنٕٓجئٗ نرحذ ذ رش ع جنٕٓج  جنًثهٗ نعًهذع  -4

ذسفذم ٔجنخهمٕ   مذٍ جنمذسفذم ٔجنصمذس جنمرمش ع يعمذل جنرهامذى ٔتحذ ذ جنامذى جنًثهمٗ نكمم يمٍ  -2

 ٔجنرٗ تؤيش  هٗ أدج  ج نع. َلبع جنشطٕ ع نهحبٕسٔ

 .ٖجلاارصبد ًُظٕسيٍ جن آنع لشس جلأسصتاذذى  -3

حصمٕل نً أس مر يعمذلات تهامذى يخرهيمع :جلا ربمبس فم ٔنذسجرع أدج  ج نع تى أخز  عمض جنًعمبيلات 

 نذسفذم أس ر رش بت يخرهيعٔيذببجشجو/ط ( 4.50 – 4.40 – 4.20 – 4.00جلأسص )

أس ر اذى يخرهيمع نهخهمٕ   مذٍ جنمذسفذم ٔ ( نيع/د000 - 050 - 000 - 050) راشذش ٔجنربذذضجن 

( 20 – 40 – 46 – 44خرهيع نهحبٕس )يَلب سطٕ ع أس ر ٔ( يى 44 – 40 – 0 – 0) ٔجنصذس

جنكيمب    – حبٕس جلأسصراذذى أدج  ج نع تى أخز جناذبربت جنربنذع )جنيٕجاذ جنكهذع نٔن،  هٗ جنرشتذب. %

 – جنُٕ ذممعجناممذس  جنًلممرٓهكع ٔكممزج جنطباممع  – ج نممع إَربجذممع – جلأسص تاشممذش ٔتبذذممـض جنكهذممع  نممع

 جنركبنذف جنكهذع(.

جلإَربجذممع  َمم كب ناممذى جنًرحصممم  هذٓممب أيُممب  جنرشمم ذمججنُرممبئج جنًرحصممم  هذٓممب أٌ أفضممم  أٔلممح ٔاممذ 

 ذًُممب كبَمم  أاممم اممذى نكممم يممٍ جناممذس  جنًلممرٓهكع ، (% 02.30 – كبممى/ط 025) نلآنممع جنكهذممع كيممب  جنٔ

جنرشم ذم  كًمب رمبه  تكمبنذف (يذبمب جمشجوكذهٕٔجت.ط/ 44.05 – كذهٕ ٔجت 0.2ٔجنطباع جنُٕ ذع ْٗ )

 (  هٗ جنرشتذب.يذبب جشجو جُذّ/ 40.05 – 0.45)ذف جنكهذع نعًهذع لشس جلأسص نٔجنركب

   بوا يلى: الذساعة ىتىص وهوا تقذم 

 تاشممذش ٔتبذذممـضنهحصممٕل  ممم أفضممم َرممبئج أيُممب   ًهذممع و/ث  40لممبظ رممش ع جنٓممٕج   ُممذ  -4

 .جلأسص

 .جنضشس ذسفذمن نيع/د 050رش ع  هٗ  جلأسص تاشذش ٔتبذذـضآنع  تش ذم -2

 . ذٍ دسفذم جنضشس ٔجنصذس يى 40ٕ  اذسِ  ُذ خه جلأسص تاشذش ٔتبذذـضآنع  لبظ -3

 .يذبب جشجو/ط 4.4اذسِ  يعذل تهاذىٔ حبٕس جلأسصن%  46يحرٕٖ سطٕ ٗ نع  ُذ ج  تش ذم -4

*
هصش. -جاهعة الضقاصيق  -الضساعة  كلية - الضساعية أعتار وسئيظ قغن الهنذعة
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