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Table 1- Dimensions and specifications of hammer mill

Oluw! Slasuiv Ldae Hlade
Mill properties Quantity
b i Jabs Sloxino sl 48
Number of hammers plates

Lh“’so D.l”“ 40x100 mm
Dimensions of hammers

Thickness of hammers 3 mm
axio p (59) L ISe Slus 3-6
Number of hammers on each plate

Distance between two consecutive hammers

Sl jome (3,5 Co

Rotational speed of mill shaft 2900 rpm
oSz S5 Jlyé bawgie (sl

Average distance between sieve and hammer 15 mm

tip
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Fig. 1. Hammer mill machine including 1. Feeder tank,
2. Gate under the feeder, 3. Electrical motor, 4. The

outlet of the mill, 5. Mill compartment, 6. Hammer, 7.
Sieve and 8. Main shaft of the mill
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Table 2- Feed rate in different modes of tank valve

Feed rate (g s7) adss ¢,

Jyao

Crop TP 009 kesw o 42,0 091 5L pgw 92
2/3 openness of gate

1/3 openness of gate

34 Yl
Full openness of gate

pS 270.4 343.8 374.3
Wheat
¥ 276.2 350.6 385.1
Barley
©2 2245 358.7 4338
Corn
by 263.8 3372 367.3
Soybean

(Anonymous, 2004) (ASTM E-11-70 Part 41) s,lskl elwl p I 5JUT ) oslitul 3550 oSl clasuis - Joaa

Table 3- Characteristics of the sieves used in sieve analysis according to standard (ASTM E-11-70 Part 41)
(Anonymous, 2004)

3,15 iao! S BSI! 5,Lond

Standard sieves number

Cligw sh3

Diameter of sieve hole (mm)

3.8

8
4.75
3.35

1

0.5
0.3
0.106
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Table 4- The values of independent variables at different test levels (central composite design, 30 experiments)

L paiilo
Variables

Vg b ) g

Level -1 Level0 Level +1

Jusé &g

Diameter of sieve hole

&b cogbs,

Grain moisture content
OiSs olass

Number of hammer

a0 Caxdge (9 5L
Openness situation of gate

2 3.2 4.4
10 14 18
12 18 24

213 1
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Table 5- Fineness degree and mill capacity at different setting of hammer mill for wheat, corn and barley

PS5 (5l Olaryo (S5l
Mean squares for wheat

©,5 §lp Olape (Ko
Mean squares for corn

9 &lp Olarye (il
Mean squares for barley

U‘M égun .. 2 1. oAt
Source of variance S5 S B Gy ey &Y cudyb ity ey &Y by ity a2y
Working Fineness Working Fineness Working Fineness
capacity degree capacity degree capacity degree
Model s 26.69** 0.034** 21.61** 0.056** 16.38* 0.077*
(Jlet &hge) 25.752%* 0.12%* 21.69** 0.14%* 20.06* 0.021 ns
A (sieve hole)
(‘U!D “"’L’ ) 37.50** 0.013 ns 201.13** 0.48** 144.84** 0.77**
B (grain moisture)
(445 &5) 23.23** 0.0043 ns 26.23** 0.00027 ns 6.76 ns 0.00045 ns
C (feed rate)
(i 3 231.41** 0.042** 3.08 ns 0.0061 ns 0.29 ns 0.022 ns
D (number of hammer)
A 5.60 ns 0.29** 4.38 ns 0.064** 47.11%* 0.074*
B 4.83 ns 0.044** 0.74 ns 0.00086 ns 0.69 ns 0.031 ns
D? 2.31ns 0.014 ns 5.56 ns 0.012 ns 27.13* 0.0011 ns
AB 85.75** 0.012 ns 20.98** 0.086** 23.96* 0.080*
BC 0.036 ns 0.0085 ns 30.75** 0.00075 ns 7.37ns 0.00051 ns
BD 40.77** 0.0045 ns 6.33 ns 0.020* 0.081 ns 0.000056 ns
CD 4.60 ns 0.0045 ns 9.99* 0.0014 ns 0.090 ns 0.0000062 ns
ABC 18.282* 0.0022 ns 0.27 ns 0.00015 ns 5.50 ns 0.00051 ns
ACD 12.74* 0.0062 ns 0.046 ns 0.006 ns 6.25 ns 0.00031 ns
BCD 1.17 ns 0.0075 ns 12.92* 0.0018 ns 0.0042 ns 0.00075 ns
el pae 1.20 ns 0.034 ns 1.04 ns 0.0008 ns 0.74 ns 0.0059 ns
Lack of fit (LOF)
Error s 1.90 0.047 1.43 0.0028 3.31 0.0087

**: Significant at level 1% , *: Significant at level 5% , ns: Nonsignificant

7N 970 maw )3 (g)ld dme i TFF g F (g)ly Jxe pac NS
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Fig. 2. Interaction between moisture content and sieve hole diameter on the wheat fineness degree in the second level of
feed rate and 18 hammers
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Fig. 3. Interaction between moisture content and sieve hole diameter on the mill working capacity for wheat in the
second level of feed rate and 18 hammers
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Fig. 4. Interaction between moisture content and sieve hole diameter on the corn fineness degree in the second level of
feed rate and 18 hammers
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Fig. 5. Interaction between moisture content and sieve hole diameter on the mill working capacity for corn in the second
level of feed rate and 18 hammers
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Fig. 6. Interaction between the moisture content and sieve hole diameter on the barley fineness degree in the second
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in the second level of feed rate and 18 hammers
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Table 6- Percentage of contribution of independent variables on investigated parameters for wheat, corn and barley
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Table 7- Regression models to predict the fineness degree and mill capacity for wheat, corn and barley
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Table 8 - Optimal conditions for minimizing fineness degree of crops and maximizing mill working capacity
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Introduction: The most costly part of poultry breeding is feeding. Due to the noticeable developments in animal
husbandry and agricultural sectors, it is necessary to use the mechanized methods to reduce the casualties,
increase the productivity as well as reduce the time and cost in each of these sectors. Reducing the particle size is
one of the ways to process cereals which improves the mixing and also the nutritional value of the feed and the
quality of the pellet feed. Optimizing the performance of hammer mill with the aim of reducing the size of
different materials for poultry feed, would be very beneficial for obtaining the minimum cost of food, maximum
quality and capacity. The main objective of this research was to optimize the operational variables, including
sieve size, grain moisture content, feed rate and the number of hammers, each of them at three levels, on a
hammer mill during the process of poultry food production from wheat, corn, barley and soybean grains.

Materials and Methods: The seeds used in experiments were wheat (Azar2 variety), corn (Brazilian variety),
soybean (Danpars variety) and barley (Aras variety). A laboratory hammer mill was used to perform
experiments. The treatments including sieve diameter (2, 2.3and 4.4 mm), grain moisture content (10, 14 and
18%), seed input rate to milling compartments (one-third, two-thirds and fully openness of tank gate) and the
number of hammer (12, 18 and 24) were investigated. In order to measure the working capacity of the hammer
mill, the required time for milling was recorded. The amount of final milled crop in each experiment was
weighed and divided into the needed time for milling. Sieve analysis was used to determine the distribution and
dispersion of the milled material which works according to the standard of ASTM E-11-70 Part 41 (Anonymous,
2004). In this study, the effects of input variables were investigated using the response surface method focusing
on the central composite design approach to optimize the fineness degree and working capacity of the mill. The
Design Expert 8.0.6 software was applied for statistical analysis, modeling and optimization.

Results and Discussion: The results indicated that sieve size and the number of hammers have been affected by
the fineness degree of wheat grains, significantly. In addition, all four factors and interaction effects between
sieve size and moisture content and also moisture content and number of hammers influential working capacity
at the significant level of 1%. In the case of corn, the influence of moisture content and its interaction with sieve
size on grain fineness, and the effect of sieve size, moisture content, feed rate and interactions between sieve size
and moisture content and moisture content and feed rate of working capacity were significant at the level of 1%.
For barley, moisture content at the level of 1% and interaction between sieve size and moisture content at the
probability level of 5% were effective on barley fineness degree. Meanwhile, the moisture content at the level of
1% and sieve size and its interaction with moisture content at the level of 5% influenced working capacity,
significantly. Soybeans were not able to respond the required moisture level for the experiments due to their soft
and brittle texture, whereas unreliable results were obtained by changing its moisture levels. The best size of
sieve holes, grain moisture content, feed rate and the number of hammers were determined to minimize the
fineness degree and maximize the working capacity of the hammer mill.

Conclusions: In this research, the response surface method considering a central composite design was used to
optimize the operational variables of a hammer mill, including sieve hole size, grain moisture, feed rate and the
number of hammer to produce poultry feed with the aim of achieving a minimum fineness degree (more grain
crushing) and maximum milling capacity. The results of variance analysis were presented for wheat, corn, barley
and soybean. Regression models could represent the relationship between the independent variables and the
outputs with high confidence coefficient, and the best values of input variables were determined to optimize
grinding operation.
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