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ABSTRACT 

The aim of this study was to evaluate some engineering and operational 

factors affecting the performance of an indented cylinder separator on 

the basis of grain length for local varieties of two main grain crops in 

Egypt, wheat (Gimeza 7) and corn (hybrid- 310).The evaluation was 

identified at various cylinder speeds of 30, 35, 40 and 45 rpm. 

corresponding to peripheral speeds of  0.94 ,1.10, 1.26 and 1.41 m/s 

respectively, receiving trough angles of 30° ,40°, 45° and 50° and feed 

rate of 6, 12, 18, and 24 kg/h at cylinder slope of zero. The obtained 

results revealed that the separating efficiency decreased by increasing 

each of the cylinder speed, receiving trough angle and feed rate. Also, 

the results indicated that the cylinder separator can be operated at 

rotational speeds ranged from 30 rpm (0.94 m/s) to 35 rpm (1.10 m/s) 

and receiving trough angles from 30º to 40º and feed rate of 6 kg/h to 

achieve the best values of separating efficiency with minimum percentage 

of lifted long grains in the trough for wheat and corn. So the combination 

of 30rpm(0.47 m/s) cylinder speed, 30º trough angle, and 6 kg/h feed rate 

is recommended for the highest values of separating efficiency of 92.54 

and 91.35% for wheat and corn respectively. 

Keywords: indented cylinder, peripheral speed, cylinder slope, trough.  

INTRODUCTION 

n order to facilitate dealing with the post-harvest grain it must be 

separated from the large or small broken or incomplete maturation. 

The grain cleaning, reduces the problems that occur during storage, 

handling and manufacturing operations. The length separating is 

necessary to obtain equally long kernels therefore, length separating or 

grading of the agricultural grains may be required for precise planting or 

to satisfy marketing, food quality and food industry requirement. 

1
Lecturer , Agric. Eng. Dept. Fac. of Agric., Zagazig Univ., Egypt. 

2
Researcher , Agric. Eng. Res. Inst. (AEnRI ) ,Cairo, Egypt 

I 

Misr J. Ag. Eng., 28(2): 401 - 415 



PROCESS ENGINEERING  

Misr J. Ag. Eng., April 2011 - 402 - 

Wang et al.(1994) mentioned that Impurities and contaminants found in 

grains including light material, foreign material, broken kernel, shrunken 

kernel, splits and fine or powdered material must be separated from 

grains during cleaning process. Fouad (1980) indicated that the results 

apply to a slowly revolving cylinder where the centrifugal force has a 

negligible effect on the fall of the kernels from the cell. Further 

investigation was to study the effect of the cylinder speed on the 

effectiveness of length separation of the new cell. Berlage et al.(1984) 

used round holes perforated metal, in this model, the entire cylinder was 

wrapped with sheet metal. Although the machine made effective 

separation involving small length differences seeds tended to lodge in the 

square shouldered indent. They added that contaminants removal was 

related directly to cylinder slope and inversely to cylinder speed and feed 

rate, while crop loss was related inversely to cylinder speed and feed rate 

with a little effect by cylinder slope. Yamashita (1985) reported that in 

order to increase the separating accuracy using the indented cylinder 

separator, the following factors should be taken into consideration of 

cylinder angle, rate of feed, size of indent and separating time. Sarker 

(1993) indicate that performing precise removing of all foreign materials, 

that comes along with grains such as, wheat, barley and oats  on the basis 

of length can be achieved by choosing the appropriate pocket size ,pocket 

shape and width of the indented cylinder. Hence, the main objective of 

this study was to optimize some operating parameters affecting the 

performance of a laboratory indented cylinder separator such as, cylinder 

rotational speed, trough angle, and feed rate using grains of two popular 

feed crops in Egypt named wheat and corn. 

MATERIALS AND METHODS 

The present study was carried out at the Agric. Eng. Res. Inst. (AEnRI ), 

Agricultural Research Station in Gemiza, El–Gharbia Governorate, 

Egypt. The laboratory experiments were performed using local varieties 

of two main field crops namely, wheat (Gemiza 7) and corn (hybrid 310) 

.Their selection based on their recent coverage area. The grains samples 

were cleaned manually to remove the foreign matters and impurities. 

Their properties were shown in Table (1). 
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Table (1):Some physical and mechanical properties of the grain 

The experimental indented cylinder separator 

The cylinder separator is an experimental apparatus which correspond to 

the indented cylinder in the grain cleaning and grading units either in 

mills or grinders. It consists of two basic parts, the indented cylinder and 

the receiving trough. Other parts, which are related to the effectiveness of 

the separation, receiving trough adjustment lever and electric motor, were 

illustrated in Fig.(1). 

The cylinder:  

It is a drum with both ends removed, and revolves around a horizontal 

central shaft and its dimensions are 300 mm in diameter and 600 mm in 

length. Cylinder walls are stamped steel lined with pockets formed into a 

shape a conical (tapered) with 6mm in diameter for wheat and 8mm in 

diameter for corn. For various cylinder speeds the machine was equipped 

by a variable speed drive motor. To increase or decrease, cylinder speed, 

the micro crank attachment with drive motor was turn clockwise or 

counter clockwise as shown in table(2).Motor shaft speed ranged from 30 

rpm to 50 rpm and transmitted to the rotating cylinder by gears and 

sprockets.  

The receiving trough:  

The adjustable receiving trough a device to receive the desired lifting's as 

shown in Fig.(2). The degree of separation is controlled by the position 

of the separating edge of the receiving trough adjacent to rising side of 

the cylinder. The angle of the separating edge of the receiving trough 

ranged from 10
○
 to 50

○
. The test apparatus under study have available 

position device. It can be adjusted by changing the position of setting 

device lever on the scale of the machine. 

crop 

 

 

Bulk 

density 

(kg/m3) 

Length Width Thickness 
Angle of 

repose 

 

(degree) 

Co. of 

friction 

(steel) 

 

Mean 

(mm) 

C.V 

(%) 

Mean 

(mm) 

C.V 

(%) 

Mean 

(mm) 

C.V 

(%) 

Wheat 

(Gimeza 7) 
730 6.75 5.92 4.10 14.87 3.45 14.20 27.40 0.32 

Corn 

(hyb-310) 
830 12.30 8.51 8.24 15.10 4.53 19.93 20.60 0.41 
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Fig. (1): Elevation, plan and side views of the experimental cylinder 

separator.  

 

            

                                                                                                                                                 
       

    Fig.(2):Cross-section view of an indented cylinder separator. 

Long-grain  

separation 

 

 

Round-grain  

separation 

 

 

Part name 
Part 
No. 

Machine base 1 

Indented cylinder 2 

Receiving trough 3 

Electric  motor 4 

Trough angle i 5 

Trough angle scale 6 

Chain 7 

Trough shaft 8 

Shaft guard 9 

Input /output port 10 

Bolts 11 

Dim. In cm Scale1:1 

 



PROCESS ENGINEERING  

Misr J. Ag. Eng., April 2011 - 405 - 

 

          Table (3): Indicator settings for various cylinder speeds  

 

 

 

 

 

 

 

 

The experiments were carried out to evaluate a cylinder separator in 

laboratory to optimize some operating and engineering parameters 

affecting the separating efficiency at constant separating time of 60 

seconds and cylinder slope of 0º are identified. The parameters are: 

1- Four cylinder rotational speeds of 30, 35, 40 and 45 rpm. 

corresponding to peripheral speeds of  0.94 ,1.10, 1.26 and 1.41 m/s . 

2- Four trough angles of 30°, 40°, 45° and 50°. 

3-Four feeding rate levels of 6, 12, 18 , and 24 kg/h.  

Forces and factors affecting the motion of the lifted grains  

As shown in Fig.(3-a), the forces act on the grain moving with the pocket 

including :the force (G) due to the weight of grain; the normal reaction of 

the cell(N);the friction force (F) and the inertia force(Pj).The grain would 

be in steady state ,if the sum of component of all forces along the 

axes(X1) and(Y1) is equal zero at point Ο  (Klenin et al.,1985), that is: 

0max)sin(sin  FtGPj  ……………………… (1) 

0)cos(cos  NtGPj   ……………………… (2) 

Where:  =angular velocity         t =angle of turning of the cylinder 

   From the above two equations, then: 

)cos(cos   tGPjN  ……………… (3) 

Since NfFandRmgPj .max.. 2      , substituting these in the first 

expression: 

)].cos().[sin(8.9)cossin(2   tftfR ………..(4) 

Where: f=friction force between the grain and the cell.   R=cylinder 

radius 

Cylinder  speed (rpm) Dial reading Micro crank 

30 6 1/2 turn 

32 7 0 

35 7 1/2 turn 

40 8 0 

45 8 1/2 turn 

50 9 0 
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It’s known that:        8.9/cos/sin
2

 Randf       and therefore, 

TkR 8.9/
2

    

so,      )sin(/)sin(   tkT …………………(5) 

Since  2/90   cellforgedandmilledforandt  ,  we have: 

 cos)sin( Tk  

    cossin Tkarc  ………..(6) 

Where:     kT= kinematic index     =friction angle  

So the angle ( α ) ,through which the grain is raised in the cell without 

fall off, depends upon kinematic index (kT)  and friction angle (  ) . 

As shown in Fig. (3-a), for N=0 the grains move as projected body at 

angle   2/  to the horizontal and at N>0 ,the grain started to slip out 

the cell and fall on the inner surface of cylinder ,and angle 0 ,the 

equation(3) become: 

090..
2

 NandtatRmgPj   then :  

sinTk ………………… (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(3): Diagram of forces affecting the motion of the lifted grains. 
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When      )90(1


 Tk , the grain reaches its highest point where the 

absolute velocity becomes horizontal. In this position ,the grain can not 

slip out of the cell since its free fall trajectory goes beyond the confines 

of cylinder and hence (kT)  must be less than unity (kT varies from 0.5 to 

0.7). 

As shown in Fig(3-b), The position of points A and B may be describe by 

angles of γ1 and γ2 .the magnitude of these angles depends up on the 

friction coefficient f of the grain over the cell surfaces and on the 

kinematic index kT  of the grader. With increase of f and kT  ,angle γ1 and 

γ2 decreases. 

Separating efficiency  

Random samples were taken from the two varieties of wheat and corn, 

then the average percentage of short grains (including the under-size and 

broken) and the long grains were calculated. For wheat, the percentage 

were about 20.58 % and 79.42% for short and long grains respectively, 

but for corn, the percentages were about 72.54% and 17.46% for short 

and long kernels respectively. In every treatment, the samples of grains 

were taken from both the cylinder and the receiving trough after 

separating operation and weighed and then the efficiency was calculated 

as the percentage of separated short grains in the trough as follows: 

100,% 
sampleingrainsshortofWeight

troughingrainsshortseparatedofweight
efficiencySeparating  

Hence, the separated long grains in the receiving trough were calculated 

as losses as follows: 

  100,% 
sampleingrainslongofWeight

troughingrainslongseparatedofweight
LossesgrainslongLifted  

The main dimensions of the used grains were measured by an electronic 

digital varnier caliper with 4 digit display (model METR ISO_G made in 

Japan), the range of reading is 0.05 to 15 mm with an accuracy of 1/20 

mm. 
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RESULTS AND DISCUSSIONS 

1-Effect of cylinder speed on separating efficiency  

Figs.(4 and 6) showed the effect of four cylinder rotational speeds of 30, 

35,40 and 45 rpm corresponding to peripheral speeds of  0.94 ,1.10, 1.26 

and 1.41 m/s respectively on separating efficiency for both wheat and 

corn on the basis of length separating for seeding. The obtained results 

showed that as the cylinder speed increased from 30 rpm(0.94 m/s) to 45 

rpm (1.41 m/s), the maximum values  of separating efficiency of wheat  

were decreased by 28.30, 38.04, 49.55 and 57.57% for trough angles of 

30°, 40°, 45° and 50° respectively using feeding rate of 6 kg/h. On the 

other hand, Figs.(5 and 7) display that by increasing the cylinder speed, 

the percentage of lifted separated long grains in the receiving trough 

increased under all values of operating parameters for wheat grains. The 

same trend was occurred with corn grains. This phenomenon could be 

attributed to the increase of the angular velocity, consequently the 

centrifugal force would increase which would confine the grains in the 

cell, so the grains could not slip off the cell of and exceeds the highest 

point when the angle (α) equal 90º (according to Klenin et al.,1985) 

which lead to lift the short and long grains and throw them away of 

trough and fall on the inner surface of the cylinder again. From previous 

data, it is clear that slower rotational speed of 30 rpm (0.94 m/s) gave the 

highest values of separating efficiency of 92.54 and 91.35 % for wheat 

and corn respectively at feed rate of 6 kg/h and trough angle of 30º.  

2-Effect of trough angle on separating efficiency  

In this study, four nominal receiving trough angles of 30°, 40°, 45° and 

50° were tested. As illustrated in Figs. (5 and7), the results cleared that 

the separating efficiency for both varieties of wheat and corn decreased 

by increasing the trough angle. For wheat, the increase of angle of front 

wall of trough from 30° to 50°  would decreased the highest values of 

separating efficiency by 35.66, 48.09, 57.47 and 61.94% for cylinder 

speeds of 30,35,40 and45 rpm respectively under feeding rate of 6 kg/h. 

The same trend was observed with grains of corn, where the highest 

values of separating efficiency decreased by 30.45, 30.60, 48.03 and 

54.67%  for cylinder speeds of 30,35,40 and45 rpm respectively under 

feeding rate of 6 kg/h. The clear decrease in separating efficiency for corn  
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Fig.(4):Effect of cylinder speed on separating efficiency for wheat 

under different trough angles and feeding rates. 
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           Fig.(5):Effect of cylinder speed on grains losses for wheat 

under different trough angles and feeding rates. 
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than wheat may be expected because that the magnitude of the front wall 

angle of trough (γ1) and the rear wall γ2 (as shown in Fig. 4-b) depends 

on the friction coefficient (f) and the kinematic index (kT), since the 

friction coefficient over the cell surface for corn grain higher than wheat, 

the trough angle (γ1) increased and (γ2) decreased by increasing of f and 

kT. .Hence, it can be used higher angles of trough with corn grain 

especially with moderate speeds of cylinder (35 to 40 rpm).On the other 

side, Figs. (6 and8) indicated that the percentage of lifted separated long 

grains decreases insignificantly as the trough angle increased from 30° to 

50° at slower speeds (30 to 35 rpm) and a clear decrease at higher speeds 

(40 to 45 rpm), for both wheat and corn grains. It is obvious that, the 

receiving trough angle plays an important role in controlling the 

separating accuracy which depends upon the angle of wall of the trough 

with horizontal .Hence, the optimum values of receiving trough angle 

were 30º and 40º which gave the highest values of separating efficiency 

of 92.54, 88.85% and 91.38, 86 % for wheat and corn respectively with 

minimum percentage of lifted long grains in the trough. 

3-Effect of feed rate on separating efficiency  

Four feed rates of 6, 12,18 and 24 kg/h were selected to investigate their 

effect on separating efficiency for both of wheat and corn grains as 

displayed in Figs. (4 and6).The obtained results revealed that the 

separation efficiency decreased by increasing the feed rate from 6 to 

24kg/h under at the whole values of the operating parameters for grains 

of wheat and corn. Fig.(4) showed that the recorded data of separation 

efficiency of wheat were 92.54, 84.75, 77.54 and 70.65 % for feed rates 

of 6, 12, 18 and 24kg/h respectively while for corn grains were 91.35, 

32.35, 76.40 and 69.50 % for feed rates of 6, 12, 18 and 24kg/h 

respectively at trough angle of 30º and cylinder speed of 30 rpm (0.94 

m/s).This decrease may be due the fact of that the increase of grains feed 

rate would increase the number of short grains in treatment sample, so 

when the indented cylinder starts to rotate ,more than one  of short grains 

next to the inner surface of cylinder would drop into every indent and 

lifting  them from the grain mass by the latter and consequently, the 

grains would be unstable and the indent could not confine the grains and 
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   Fig.(6):Effect of cylinder speed on separating efficiency for corn 

under different trough angles and feeding rates.  
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     Fig.(7):Effect of cylinder speed on grains losses for corn under 

different trough angles and feeding rates. 
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would reject them to fall down to the long grains in the cylinder at lower 

height. Figs. (5 and 7) depicts that the lifted long grains increased by 

increasing the feed rate for wheat and corn. The obtained results showed 

that increase of feed rate from 6 to 24 kg/h would increase the lifted long 

grains from 8.63 to 13.23% for wheat and from 9.32 to 15.36 for corn at 

cylinder speed of 30 rpm (0.94 m/s) and trough angle of 30º.This increase 

may be attributed to the large of number of the lodged long grain which 

may share the indent with the short grains especially at the high speeds of 

cylinder under the effect of centrifugal force. It is clear that, the feeding 

rate is one of the most effective factors on separating accuracy of the 

machine.  

CONCLUSION 

The obtained results indicated that the cylinder separator can be operated 

at rotational speeds ranged from 30 rpm (0.94 m/s) to 35 rpm (1.10 m/s) 

and receiving trough angles from 30º to 40º and feed rate of 6 kg/h to 

achieve the best values of separating efficiency with minimum 

percentage of lifted long grains in the trough for wheat and corn. So the 

combination of 30 rpm(0.94 m/s) cylinder speed, 30º trough angle, and 6 

kg/h feed rate is recommended for the best separating efficiency of 92.54 

and 91.35% for wheat and corn respectively.   
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 الملخص العربي

 التجاويفراث فصل ال  أسطوانتالعوامل المؤثرة علي أداء 

محمذ على توفيق
1

أحمذ محمذ الشال         
1     

يحيى عبذ الحميذ الفوال     
2

 

جهثزش الصلث  اطسثنوا    علث  داا  العوامث  الهددسث   الثثةحس  بعث  دزاسث لهرا البحثج  يهدف

لغثس  اسثتمدامهز   معثل ثز  ب بإسثتمدا  ازيث   النثو  تثدزي  الحبثول ذات التجثزيي  الثتثتمد 

( ح ج تثت 013( يالرز  ) هج ن حلاح  7 ص  )جثيذلك للدص  ن محل  ن لك  من القثح  كتقزيي

لصثث د اق قثث  يهثث   03، 03، 03، 03هثث   دزبثثس سثثسعزت ايزاط طسثثنوا   الصلثث تثثيح سازاسثث  

زبس شاييز م   لوعثز  اسسثتقبز  دي   دث 1.01ي 1.62ي 1.13 ي 3.40تدزظس سسعزت مح ن   

 60ي 11ي 16ي 2هث   بثزلحبوب دزبس معدست لتغري  اطسثنوا  ي  °33، °03، °03، °03ه 

  تثزج  ديضثحتيقثد    م   للأسنوا   يثصس ازجث  علث  اط.قث .يشاي  يذلك بيستمداكجمدسزع  

ا  كثث  مثثن كصثثز   .لثث  الحبثثوب القلثث س  عثثن الحبثثوب النويلثث  قثثد د مص ثثت بصيثثز الثث  الدزاسثث 

دشثززت  ح ثجالتسع  الديزا    طسنوا   الصلث  شاييث  م ث  يعثز  اطسثتقبز  ي معثد  التغريث . 

الدتثثثزج  الثتحلثثث  عل هثثثز ا ثثث  يثكثثثن تفثثثغ   اسثثثنوا   الصلثثث  علثثث  سثثثسعزت تتثثثساي  مثثثن 

 دث( ي شاييث  لوعثز  اطسثتقبز  يتثساي  مثن  1.13لص داق ق  ) 03 دث( ال   3.40لص داق ق )03

كجمدسثثزع ( يذلثثك لتحق ثث  د. ثث  قثث م لكصثثز    2ازجثث  بيسثثتمدا  اقثث  معثثد  تغريثث  ) 03الثث   03

الصل  مس دق   تب للحبوب النويل  .  يعز  اطسثتقبز . مل  مثن هثر  الدزاسث  الث  التويث   

 03 دث(طسنوا   الصل  يشاييث  م ث  لوعثز  اطسثتقبز   3.40لص  داق ق  ) 03بزستمدا  سسع  

 46.30كجمدسزع  للحلو  عل  اعلث  ق ثث  لكصثز   الصلث  مقثدازهز  2 ازج  يدق  معد  تغري 

      % لك  من حبوب القثح ي الرز  عل  التوال . 41.30ي
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ملس. –جزمع  الصقزشي   –كل   الصزاع   –مدزض الهددس  الصزاع    
  

   6
.ملس –الج ص   – ثعهد بحوث الهددس  الصزاع  ب بزحج 

 


