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ABSTRACT 

The experiments of this study were carried out during the agricultural 

seasons of 2007/2008 and 2008/2009 at a private mill for milling grains 

in Abou Kbeer district, Sharkia Governorate to optimize  some operating 

parameters affecting the performance of a prototype hammer mill. The 

performance of hammer mill was evaluated under different parameters 

including drum rotational speed, grain moisture content, hammer 

thickness and concave clearance. The performance of hammer mill was 

evaluated taking into consideration hammer mill capacity , efficiency, 

particle size distribution (fineness degree), power , energy requirement 

and operational cost. The obtained results reveal that it is recommended 

to use the hammer mill at drum rotational speed about 2250 rpm 

(33.56m/s),grain moisture content of 10%,concave clearance of 5mm and 

hammer thickness of 5mm to produce pelleting feed by increasing the 

percentage of fine milled corn (FMC) and decreasing coarse milled corn 

(CMC). Producing mash feed for commercial use can be achieved by 

using the mill at  drum rotational speed about 1550 rpm (23.85m/s),grain 

moisture content of 14%,concave clearance of 12mm and hammer 

thickness of 1.5mm by decreasing percentage of fine milled corn (FMC) 

and increasing coarse milled corn (CMC) and medium milled corn 

(MMC). 

INTRODUCTION 

owadays, the development of animal and poultry production needs 

to exert more efforts to increase and maintain high levels of 

feeding crop, in addition to improve the quality and quantity by 

decreasing grain losses during pre- processing operation, selecting the 

proper diet in the acceptable phase of livestock and reducing the 

consumed energy. The hammer mill is used almost exclusively in 

preparation of broiler rations because of its simplicity, ease to operate and 
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low maintenance cost so, it had been widely spread in most of the poultry 

farms in Egypt, for this reason, such care had to be taken to evaluate this 

type of mills for better utilization by several investigations to improve its 

performance. Martin (1983) stated that using large particle size for the 

grain component of the diet is attractive because of the substantial 

reduction of energy for grinding that would if the grain could be less 

finely ground without adverse effects. He added that ingredients with 

widely varying particle sizes are more difficult to mix properly, and large 

particles tend to segregate from smaller ones during subsequent handling 

after mixing. Ensminger et al. (1990) showed that very fine grinding 

makes feeds dusty and lower palatability. However, fine grinding may be 

desirable when pelleting is to follow. Hassan (1994) found that 

increasing of drum speed from 1460 to 2930 and 3910 rpm gave a 

decrease of 59.1 and 67.9% in grinding energy. The increase of the grain 

moisture content from 5.4 to 8.1 and 11.4% gave an increase of 20.1 and 

49% in grinding energy. He added that the fine grinding percentage was 

obtained at lower grain moisture content and higher drum speed. In 

addition, as to fineness degree of grinding (medium and coarse) an 

opposite trend results comparing with the fine grinding. EL- Gayar and 

Bahnas (2002) studied some factors affecting on hammer mill to produce 

garlic power such as three hammer tip speeds (13.82, 18.43 and 

23.04m/s), two feed rates (27.00and 43.2 kg/h) two screen hole diameters 

(1 and 2mm) and two drying methods ( natural and artificial) .They 

indicated that the highest milling capacity was obtained at 23.04m/s 

hammer tip speed and the highest milling efficiency was obtained at 

13.82m/s hammer tip speed and the milling efficiency takes the opposite 

trend of the milling capacity. Hegazy et al. (2002) indicated that 

increasing hammer revolving speeds from 1000 to 2500 rpm (16.6 to 41.5 

m/s) cause a corresponding increase in the machine productivity. Hence, 

the objectives of the present study are to (1) evaluate hammer mill 

prototype during grinding corn grains.(2) study some operating and 

engineering parameters (grain moisture  content, drum rotational speed, 

hammer thickness and concave clearance) which affecting the 

performance of the hammer mill (3) Estimate the hammer mill 

operational cost.  
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MATERIALS AND METHODS 

The experiments of this study were conducted during agricultural seasons 

of 2007/2008 and 2008/2009 at a private mill for milling grains in Abou 

Kbeer district, Sharkia Governorate to optimize some operating 

parameters affecting the performance of swinging hammer mill prototype. 

Materials:-A 

Corn Grain:- 

Experiments were carried out on yellow corn grain (variety of Giza 162) at 

different moisture contents. Some physical properties of the used corn 

grains are given in Table (1). 

Table (1): Some physical properties of corn grain. 

variety 
Bulk density 

,gm/cm
3
 

Average 

length ,mm 

Average width 

,mm 

Average thickness 

,mm 

Giza 162 0.680 10.75 8.65 4.9 

Screens (3mm and 4.2mm diameter):- 

Two different diameters of screen holes were used to determine the 

particle size distribution (fineness degree).Other instruments and devices 

were used in the experiments such as stop watch, grain moisturmeter, 

electronic balance, varnier caliper, tachometer and clamp meter. 

-Hammer mill prototype: 

The mill specifications are shown in Fig.(1) and Table(2).  

 

 

 

 

 

 

 

 

 

 

   Side view           Elevation       

Fig. (1): Elevation and side view of hammer mill prototype 
(1) Feed hopper, (2) Crushing chamber, (3) Outlet, (4) Pulleys, (5) Belt, (6) Motor, (7) 

Operating button, (8) Clearance adjustment screw, (9) Belt adjustment screw 

A 
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Table (2): The specifications of the hammer mill prototype, hammers 

and screen. 

B-Methods: 

The milling experiments were carried out to optimize some operating 

parameters affecting the performance of hammer mill prototype these 

parameters are:  

1-Four drum rotational speeds of 1550, 1800, 2000 and 2250  r.p.m 

corresponding to drum peripheral speeds of (23.12, 26.85, 29.83 and 

33.56  m/s) respectively. 

2-Three levels of grain moisture content of 10,12 and14% (w.b). 

3-Three hammer thickness of  1.5 ,3  and 5 mm. 

4-Three concave clearances of  5, 8 and 12 mm. 

EASUREMENTS:M -C 

Evaluation of the hammer mill was performed taking into consideration 

the following indicators: 

:capacity and efficiency Milling1. 

The theoretical milling capacity (TMC) of the machine is the rate of 

productivity if the machine performed 100% of the instant time. The 

Hammer mill:      

Type          :   Swinging hammer mill  

Hopper capacity:        100  kg 

Overall length    :         1710  mm 

Overall width     :         1380  mm 

Rotor Diameter  :         145    mm 

Rotor Width       :         110    mm 

Total Screen Area: 840cm²[Length(56) 

*  Width(15)] 

Screen Opening Dia:   6   mm 

Hammer edge        :    smooth 

No. of hammers    : 12 hammer  

Power   : Electrical Motor (3.68 kW) 

Mass                      :        110    kg 

Hammers and 

Screen:   
I -  Hammers: 

Type             :  swinging hammers 

Material         :  steel iron. 

Length           : 109.5   mm 

Width             :  39       mm 

Thickness        : variable 

Swinging length :  86.5        mm 

 Diameter to  fit rode size: 19mm 

II – Screen  

Perforation         : 6     mm 

Width                 : 150  mm 

Roll outside Dia : 435  mm 

Length over the back: 560  mm  

Thickness             :  25   mm  
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actual milling capacity (AMC) of the machine is the actual rate of 

productivity by the amount of actual time consumed in operation (lost + 

productive time).Lost time is considered as the time spend in refilling the 

machine hopper, interruptions and simple repairs. The milling efficiency 

( m ) was calculated using the following equation: 

100*
..

..

CMT

CMA
m      

  m    = The milling efficiency, %. 

T.M.C = The theoretical machine capacity, Mg/h. 

A.M.C = The actual machine capacity, Mg/h. 

:Fineness Degree (particle size distribution).2 

 The ground corn samples were classified into three main categories 

according to Henderson and Hansen(1968). The first one is fine milled 

corn FMC (< 3 mm), the second is medium milled corn MMC (3-4.2 mm) 

and the third is coarse milled corn CMC (> 4.2 mm). 

power and energy requirement: Milling.3 

The require milling power was estimated by using the following equation 

(Ibrahime, 1982): 

Total consumed power = load   

1000

cos.3 VI
          ( kW)  

Where: 

I= line current strength in Amperes. 

V = Potential strength (voltage) being equal to 390V. 

cos  = power factor (being equal to 0.84). 
   = Mechanical efficiency assumed (95%). 

The specific energy requirement (kW.h/Mg) was calculated by using the 

following equation: 

(Mg/h)capacity     milling   Actual

(kW)power     consumed   The
  (kW.h/Mg)t  requiremenenergy    specific   The  
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4. Operating cost: 

(Mg/h)capacity  milling Actual

(L.E/h)cost  Machine
 /Mg)(L.Ecost  perating O  

The machine cost was determined by using the following formula 
(Awady et al.,2003) : 

 
144

.
2

1 m
eWrt

i

ah

p
C 








  

Where: 

C : Machine hourly cost, L.E./h.  

P : Price of machine, L.E.  

h : Yearly working hours.  

a :  Life expectancy of the machine, year. 

i :  Interest rate/year . 

t :  Taxes and over heads ratio,%.  

r: Repairs and maintenance ratio,%.        

W : Power of motor, kW. 

 e : Hourly cost/kW.h. 

 m : The monthly average wage, L.E. 

144:  The monthly average working hours. 

RESULTS AND DISCUSSION 

- Milling Capacity and Efficiency: 

Figs. (2) to (4) showed the relation between drum speed and both of 

machine capacity and efficiency under different grain moisture content, 

hammer thickness and concave clearance. It was noticed that   the 

increase of drum speed was accompanied with an increase in machine 

capacity and a decrease in machine efficiency that can be attributed to the 

loss in refilling time for refilling the hammer mill hopper increases 

consequently, the milling efficiency decrease hence, the milling 

efficiency taken the opposite trend of the milling capacity with drum 

speed. The highest value of machine capacity of (0.871Mg/h) obtained at 

drum speed of 2250 rpm (33.56m/s), grain moisture content of 10%, 

concave clearance of 5mm and hammer thickness of 5mm. while, the 

highest value of machine efficiency (92.9%) obtained at drum speed of 

1550 rpm (23.12m/s), grain moisture content of 14%, concave clearance 

of 12 mm and hammer thickness of 1.5mm. 
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Fig. (2): Effect of drum speed on machine capacity and  efficiency 

under different moisture contents and concave clearances 

at hammer thickness of 1.5mm  

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12mm  
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Fig.(3):Effect of drum speed on machine capacity and efficiency 

                under different moisture contents and concave clearances at   

hammer thickness of 3mm. 

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12mm 

mm 
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Fig.(4):Effect of drum speed on machine capacity and efficiency 

under different moisture contents and concave clearances at 

hammer thickness of 5mm 

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12mm 

mm 
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Fig.(5):Effect of drum speed on fineness degree under different 

moisture contents and concave clearances at hammer 

thickness of 1.5mm. 

Concave Clearance = 5mm 

 

Concave Clearance = 8mm 

 

Concave Clearance = 12 mm 
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Fig.(6):Effect of drum speed on fineness degree under    different 

moisture contents and concave clearances at hammer 

thickness of 3mm. 

Concave Clearance = 5 mm 

 

Concave Clearance = 8 mm 

 

Concave Clearance = 12 mm 
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Fig.(7):Effect of drum speed on fineness degree under different 

moisture contents and concave clearances at hammer 

thickness of 5mm. 

 

Concave Clearance = 5 mm 

 

Concave Clearance = 8 mm 

 

Concave Clearance = 12 mm 
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Fineness Degree: 

In Figs. (5) to (7) which showed the relation between drum speed and 

fineness degree under different grain moisture contents, hammer 

thickness and concave clearances. It was cleared that the increase of drum 

speed was followed with an increase in fine milled corn (FMC%) while 

coarse milled corn (CMC%) decrease. The highest value of (FMC%) of 

(55.33%) obtained at drum speed of 2250 r.p.m (33.56 m/s), grain 

moisture content of 10%, hammer thickness of 5 mm and concave 

clearance of 5 mm while, the highest value of (CMC%) of (40.33%) 

obtained at drum speed of 1550 r.p.m (23.12 m/s), grain moisture content 

of 14%, hammer thickness of 1.5 mm and concave clearance of 12 mm. 

Finally, the highest value of medium milled corn (MMC%) of (53.41%) 

obtained at drum speed of 1550 r.p.m (23.12m/s). grain moisture content 

of 10% hammer thickness of 3 mm and concave clearance of 8 mm.  

-Energy requirement: 

The relation between drum speed and specific energy requirement under 

different grain moisture contents, hammer thickness and concave 

clearances was represented in Figs.(8) to (10). It was observed that the 

increase of drum speed was occurred a decrease in specific energy 

requirement that is can be attributed to increasing of machine capacity 

rate is higher than increasing in power required rate. The lowest value of 

specific energy requirement (3.53 kW.h/Mg) obtained at drum rotational 

speed of 2250 rpm (33.56 m/s), grain moisture content of 10%, concave 

clearance of 5 mm and hammer thickness of 5 mm. 

-Operational cost: 

Figs.(11) to (13) showed the relation between drum rotational speed and 

operational cost under different grain moisture contents, hammer 

thickness and concave clearances. It was noticed that the increase of drum 

rotational speed was occurred a decrease in operational cost that is can be 

attributed to increasing in machine capacity. The lowest value of 

operational cost (14.06 L.E./Mg) obtained at drum rotational speed of 

2250 rpm (33.56m/s), grain moisture content of 10%, concave clearance 

of 5mm and hammer thickness of 5mm.  
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Fig.(8):Effect of drum speed on specific energy requirement under 

different moisture contents and concave clearances at hammer 

thickness of 1.5mm. 

Concave Clearance =12 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =5mm 
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Fig.(9):Effect of drum speed on specific energy requirement under 

different moisture contents and concave clearances at hammer 

thickness of 3mm. 

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12 mm 
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Fig.(10):Effect of drum speed on specific energy requirement under 

different moisture contents and concave clearances at 

hammer thickness of 5mm. 

Concave Clearance =12 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =5 mm 
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Fig.(11):Effect of drum speed on operational cost under different    

moisture contents and concave clearances at hammer 

thickness of 1.5mm. 

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12 mm 
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Fig.(12):Effect of drum speed on operational cost under different 

moisture contents and concave clearances at hammer 

thickness of 3mm. 

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12 mm 
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Fig.(13): Effect of drum speed on operational cost under different 

moisture contents and concave clearances at hammer 

thickness of 5mm.  

Concave Clearance =5 mm 

 

Concave Clearance =8 mm 

 

Concave Clearance =12 mm 
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CONCLUSION 

From this investigation, the obtained results can be concluded as follows: 

The proper conditions for operating the hammer mill used to produce 

pelleting feed were drum speed of 2250 rpm (33.56 m/s), grain moisture 

content (10%), concave clearance (5 mm) and hammer thickness (5 mm) 

by increasing percentage of fine milled corn and decreasing coarse milled 

corn while, to produce mash feed for commercial use can be achieved by 

using the mill at  drum speed about 1550 rpm (23.12m/s),grain moisture 

content (14%),concave clearance (12mm) and hammer thickness (1.5mm) 

by decreasing percentage of fine milled corn and increasing coarse milled 

corn and medium milled corn. 
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 الملخص العربي

 جرش الحبوب المطرقية ةتأثير بعض عوامل التشغيل على آلدراسة 

 لسعذ الذين الشا محمذأ.د.            
1

محمذ على توفيق د.                       
2

   

أحمذ محمذ الشالد.            
2   

خالذ عبذ السلام متولي                             
3

 

 -7002انزسح انصفشاء انًنزجخ يحهيب فً خلال صيف انًىسى انضساعً  أجشيذ انزجبسة عهً

يحبفظخ انششليخ  -كجيش ثًجششخ يطشليخ نجشش انحجىة ثًشكض أثى7002-7002و 7002

كبنذ أهذاف  و جشش انحجىة انًطشليخ خآن اداء ورنك نذساسخ رأصيش ثعض عىايم انزشغيم عهً

دساسخ ثعض عىايم  ،ش حجىة انزسح انصفشاءرميى انًجششخ أصنبء عًهيخ جشرشًم  انذساسخ

انصذس وانخهىص ثين انًطبسق  -سشعخ انذسفيم  -انزشغيم وانعىايم انهنذسيخ )سطىثخ انحجىة 

حسبة ركبنيف انزشغيم نهًجششخ ولذ أجشيذ  ،انًجششخ هصشح عهً أداء هزؤسًك انًطبسق( انً -

 نفخ/انذليمخ(7750و 7000-0200-0550انزجشثخ ثبسزخذاو أسثع سشعبد دوسانيخ نهذسفيم)

و/س( عهً انزشريت ، صلاس يسزىيبد  11.58 -72.21-78.25-71.07)  يحيطيخسشعخ  رنبظش

%( عهي أسبط سطت ، صلاس ليى نسًك 01-07-00نهشطىثخ فً حجىة انزسح انصفشاء )

يى(.ورى رمييى 07-2-5يى( و صلاس ليى نهخهىص ثين انًطبسق وانصذس) 5 -1-0.5انًطبسق )

 ،دسجخ اننعىيخ )رىصيع انحجيجبد( ، إنزبجيخ الآنخ وكفبءرهب انًجششخ انًطشليخ ين حيش أداء

فً يصبنع ثبسزخذاو انًجششخ  رىصي انذساسخ .وركبنيف انزشغيم ، انمذسح وانطبلخ انًسزههكخ

هحجىة نوسطىثخ  و/س(11.58نفخ/انذليمخ ) 7750دوسانيخ نهذسفيم سشعخعهً انعهف انًصجع 

يى(. ورنك نضيبدح  5يى( وسًك انًطبسق )5ين حبفخ انًطشلخ وانصذس)وخهىص ث %(00)

بث،  مهيم اننسجخ انًئىيخ نهجشش انخشناننسجخ انًئىيخ نهجشش اننبعى ور  فً يصبنع انعهف انغيش ينً

جششخ عهً  رىصي انذساسخيصجع والاسزخذاو انزجبسي   0550دوسانيخ نهذسفيم سشعخثبسزخذاو انً

%( وخهىص ثين حبفخ انًطشلخ 01هحجىة )ن( وسطىثخ و/س71.07نفخ/انذليمخ )

ورنك نزمهيم اننسجخ انًئىيخ نهجشش اننبعى وصيبدح  يى(.0.5وسًك انًطبسق) يى(07وانصذس)

 .اننسجخ انًئىيخ نهجشش انىسط وانخشن

 
0
 يصش. -جبيعخ انضلبصيك –كهيخ انضساعخ  – انًزفشغ سخ انضساعيخذانهن أسزبر 
7
 يصش. -جبيعخ انضلبصيك –كهيخ انضساعخ  –سخ انضساعيخ ذيذسط انهن 
1
 .يصش -جبيعخ انضلبصيك –كهيخ انضساعخ  –سخ انضساعيخ ذانهنيعيذ  ثمسى  


