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ABSTRACT: The process of reducing size of the grains by
crushing is normal operation in most of poultry farms. The aim of’
this study is to evaluate the performance of four poultry fodder mix-
milling equipments as a sample of private fodder preparation
equipments which widely spread in Egypt. This study included
equipments productivity, operation efficiency, energy consumed and
cost analysis considering economical management.

The obtained results reveal to the following:

- The highest mix-milling productivity of 11.563Mg/h, 69.379
Mg/day and 10710 Mg/year for hourly, daily and annual
productivity respectively under the use of first equipment at 0.7
cm screen hole diameter and ratios of mixing materials for one
Mg was (60 % corn — 30 % soybean — 10 % concentrates).

- The highest values of operation, daily utilization and annual
utilization efficiency were 90, 67.5 and 57.85% respectively
under the use of first equipment.

- The lowest value of energy consumed of 0.514 kW.h/Mg under
the use of forth equipment at 0.7 cm screen hole diameter and
ratios of mixing materials per one Mg was (60 % corn — 30 %
soybean — 10 % concentrates).

- The lowest value of cost of 4.57 and 4.85 LE/Mg under the use of
forth and first equipments at screen hole diameter of 0.7 cm.
Key words: Milling, mixing, fodder, poultry equipments,
hammer mill.
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INTRODUCTION

Recently poultry production
industry in Egypt is considered one
of the most. Past experiences
demonstrated that the grinding of
grains would make fodder tastier
and easier access to the digestion
and the maximum benefit from the
nutritional value of available
forage, in addition to the ease of
mixing with other feed
components. Reece et al. (1986)
studied the effects of hammer mill
screen size on ground corn particle
size and stated that energy for
hammer grinding of maize could
be reduced with 27% by increasing
the screen size from 4.76 to
6.35mm and 35% if mill screen
size increased from 4.76 to 7.94
mm. Hassan (1994) modified and
evaluated a small locally made
mix-milling unit and found that
increasing the screen hole diameter
of hammer mill from 3.2 to 4.8 and
6.33 mm gave an increase of 18.6
and 68.1% in grinding capacity and
a decrease of 30 and 55% in
grinding energy under operating
conditions at drum speed of 2930
rpm, number of hammers 12
hammers and moisture content
5.1%. Hegazy et al. (2002) show
that the milling productivity
decreased as screen size decrease
from 3 to 2 mm and cause a
corresponding increase in the
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milling energy consumed. Lopo
(2002) reported that in the forage
industry, hammer mills are
relatively cheap, easy to operate
and produce wide range of
particles. El-Ashhab et al. (2003)
reported that energy required for
grinding one Mg of corn kernels
was duplicated when replacing the
7.5 mm hole diameter with another
one with 3.6 mm hole diameter.

The main objective of this
study is to evaluate the
performance of four mix-milling
equipments in terms of:

1. Equipments productivity.

2. Operation and utilization
efficiencies.

3. Energy consumed.

4.Cost analysis considering
economical management.

MATERIALS AND
METHODS

This study was conducted
through 2008 at Taroot, Meet Abo
Ali and Kafr Abo El-Zagazig
villages at Sharkia Governorate.
The experimental work and data
collection were carried out to
evaluate the performance and
management of national mix-
milling equipments in different
sizes which spreading widely at
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Egyptian poultry farms, the
equipments shown in Fig. 1 and
Table 1.

Measurements and
Determinations

The study was conducted to
evaluate the equipments under
operating conditions of 0.3, 0.5 and
0.7 cm screen hole diameter and
three mixing ratios: mixture A
(60% corn — 30% soybean — 10%
concentrates), mixture B (65%
corn-  25%  soybean-  10%
concentrates) and mixture C (70%
corn— 20%  soybean— 10%
concentrates) by the following
indicators:

Equipments productivity

The hourly productivity (Mg/h)
of the equipment is the rate of
productivity by the amount of
actual time consumed in operation
(lost and productive time). Lost
time is considered as time spends
in interruptions, replacing screens
and simple repairs.

Daily productivity (Mg/day)
estimated as the productivity
considering the average of daily
time work of the equipments.

Tablel. Equipments specifications
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Annual productivity (Mg/year)
= Average of daily productivity x 6
days x 4 weeks x 12 menthes.

Operation and utilization

efficiencies

1- The operation efficiency was
calculated as follows:

AT
o TotalA.T

Where:
11, = The operation efficiency, %
A.T = Actual time corisumed,
min/Mg.

Total A.T = Total actual time
consumed,min/Mg.

(considering time losses).
2- The daily utilization efficiency
(Me) was calculated as
follows:

productivity for daily work hot s
imposed productivity for 8 work hours

T =

Equipments Filing Milling. hopper Milling No.of Hammers Mixing
system capacity, Mg motor, kW hammersspeed, rpm system
1 manual 1.5 2577 24(@x6) 3000 vertical

2 automatic 1.5 22 20(4x5) 2980 horizontal

3 manual 1.0 22 20(4x5) 2950 horizontal

4 manual 0.5 74 16 (4x4) 2840  horizontal
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3- The annual utilization efficiency
(m,, ) was calculated as follows:

productivity for year

Nlau = imposed productivity for year

Where:
Productivity for year = Average

of daily productivity x 6 days x
4 weeks x 12 menthes.

Imposed productivity for year =
Hourly productivity x 8 work
hours x 7 days x 4 weeks x 12
menthes.

Energy consumed

The power consumed (kW) was
calculated through the following
equation according to Ibrahime
(1982)

Total consumed power

_ \/_3_TI. V.n.cos6

1000
Where:

I'=line current strength in amperes.

V=Potential difference (Voltage)
being equal to (380 V).

n=Mechanical efficiency(95%).

Cosd= Power factor being
equal to (0.84).
The energy consumed in

(kW.h/Mg) was calculated by
using the following equation:
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Energy consumed

___ Power consumed (kW)
Hourly productivity (Mg/h).’

kW.h/Mg

Cost analysis

The criterion cost required for
the mix-milling operation was
estimated as fixed and variable
costs.

RESULTS AND
DISCUSSION

The data were examined to
evaluate the performance of the
poultry fodder preparation
equipments which widely spread
and used in this study. Different
criteria such as equipment
productivity, operation efficiency,
daily utilization efficiency, annual
utilization  efficiency, energy
consumed and cost analysis.

The Obtained Results will be
Discussed under the Following
Items

Equipments productivity
Hourly productivity

Data of hourly productivity
versus equipments size, number of
hammers and filling system and
under the experimental operating
conditions of ratios of mixing
materials and screen hole diameter
given in Fig. 2.
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Fig. 2. Hourly productivity of mix-milling equipments at different screen hole diameter
and different ratios of mixing materials
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‘Data obtained showed that at
screen hole diameter of 0.3 cm,
increasing corn ratio in mixing
materials from 60 to 65 and 70 %
decreased productivity from 6.692
to 6.171 and 5.732 Mg/h for first
equipment; from 4.566 to 4.215
and 3915 Mgh for second
equipment; from 4.010 to 3.704
and 3440 Mgh for third
equipment; from 3.846 to 3.549
and 3.297 Mgh for forth
equipment. At screen hole diameter
of 0.5 cm hourly productivity
decreased from 9.194 to 8.485 and
7.879 Mg/h for first equipment;
fiom 6.164 to 5.690 and 5.283
Mg/h for second equipment; from
5.216 to 4.814 and 4.471 Mg/h for
third equipment; from 5 to 4.613
and 4286 Mgh for forth
equipment. At screen hole diameter
of 0.7 cm productivity decreased
from 11.563 to 10.658 and 9.908
Mg/h for first equipment; from
7.764 to 7.166 and 6.658 Mg/h for
second equipment; from 6.618 to
6.111 and 5.696 Mg/h for third
equipment; from 6.347 to 5.855
and 5435 Mgh for forth
equipment.

The decrease in productivity for
mix-milling operation due to
increasing corn ratio in mixing
materials and decreasing of screen
hole diameter for first, second,

883

third and forth equipments
attributed to increasing of actual
time that required for the mix-
milling operation as well as wide
variation in time lost in filling
milling hopper relating to system
of filling, number of workers,
replacing screen and repairs and
maintenance.

Daily productivity

Data given in Fig. 3 showed
that at screen hole diameter of 0.3
cm, increasing corn ratio in mixing
materials from 60 to 65 and 70 %
decreased daily productivity from
40.149 to 37.028 and 34.393
Mg/day for first equipment; from
18.263 to 16.860 and 15.660
Mg/day for second equipment;
from 16.041 to 14.418 and 13.761
Mg/day for third equipment; from
15.384 to 14.196 and 13.188
Mg/day for forth equipment. At
screen hole diameter of 0.5 cm
daily productivity decreased from
55.161 to 50910 and 47.272
Mg/day for first equipment; from
24.657 to 22.760 and 21.133
Mg/day for second equipment;
from 20.862 to 19.256 and 17.883
Mg/day for third equipment; from
20.001 to 18.453 and 17.142
Mg/day for forth equipment. At
screen hole diameter of 0.7 cm
daily productivity.
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Fig. 3. Daily productivity of mix-milling equipments at different screen hole diameter and different
ratios of mixing materials
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from 69.379 to 63.947 and 59.449
Mg/day for first equipment; from
31.057 to . 28.663 and 26.630
Mg/day for second equipment;
from 26.472 to 24.444 and 22.785
Mg/day for third equipment; from

25.389 to 23.421 and 21.738
Mg/day for forth equipment
considering average of daily

working time 6 hours per day for
first equipment and 4 hours per day
for second, third and forth
equipments.

Annual productivity

Data in Fig. 4 shows the average of
annual  productivity of the
equipments under study at the
previous operating conditions and
number of yearly working days
were 288 day, the annual
productivity were 10710, 4875,
4283 and 4105 Mg/year. These
values considered very low
compared with the imposed values
if the equipments work 8 hours in
336 day per year.

It can be concluded that the
decrease in productivity for mix-
milling operation due to increasing
corn ratio in mixing materials and
decreasing of screen hole diameter
for first, second, third and forth
equipments was attributed to
increasing of actual time that
required for the mix-milling
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operation as well as wide variat on
in time lost in filling mill ng
hopper relating to system of filli1g,
number of workers, replacng
screen and repairs end
maintenance. Also the variation in
daily actual time of seve-al
equipments emphasizes the high
difference of daily productivity.

Operation and wutilizatin

efficiency

Representative values of mix-
milling operation, daily utilizatim
and annual utilization efficien:y
versus productivity considering
time losses are given in Fig. 5.

The average of operaticn
efficiency was 89.9, 83.3, 75.0 ard
74.9 % for first, second, third ard
forth equipments respectivel /.
Results show that the average of
daily utilization efficiency wis
67.5, 41,7, 37.5 and 37.5 % fir
first, second, third and forth
equipments respectivel' .
Concerning the average of annu:l
utilization efficiency was 57.¢,
35.7, 32.1 and 32.1 % for firs,
second, third and forth equipments
respectively.

The decrease of efficiency for
different equipments attributed to
the larger values of actual tim:
required for the mix-milling
operation as well as for mino-
repairs and maintenance.
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Energy consumed

Energy consumed for mix-
milling operation are related to the
ratios of mixing materials as well
as the screen hole diameter as
shown in Fig. (6).

Relating to first equipment,
decreasing corn ratio from 70 to 65
and 60 % per one Mg of mixed
poultry fodder materials decreased
energy consumed from 1.770 to
1.645 and 1.517 kW.h/Mg at
screen hole diameter of 0.3 cm;
from 1.100 to 1.116 and 0.943
kW.h/Mg at screen hole diameter
of 0.5 cm; from 0.823 to 0.765 and
0.705 kW.h/Mg at screen hole
diameter of 0.7 cm; from 2.469 to
2.294 and 2.112 kW.h/Mg at
screen hole diameter of 0.3 cm;
from 1.617 to 1.552 and 1.433
kW.h/Mg at screen hole diameter
of 0.5 cm; from 1.200 to 1.115 and
1.029 kW.h/Mg at screen hole
diameter of 0.7 cm for second
equipment; from 1.831 to 1.701
and 1.571 kW.h/Mg at screen hole
diameter of 0.3 cm; from 1.221 to
1.134 and 1.047 kW.h/Mg at 0.5
cm of screen hole diameter; from
0.811 to 0.756 and 0.698 kW.h/Mg
at 0.7cm of screen hole diameter
for third equipment; from 1.449 to
1.347 and 1.243 kW.hW/Mg at
screen hole diameter of 0.3 cmy;
from 0.943 to 0.876 and 0.808
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kW.h/Mg at 0.5 cm of screen hole
diameter; from 0.599 to 0.557 and
0.514 kW.h/Mg at 0.7cm of screen
hole diameter for forth equipment.

In addition it is observed that
the highest values of energy
consumed achieved by second
equipment related to the presence
of an excessive suction motor to
withdraw corn grains from silo
instead of manual filling by labors.

Cost analysis

A complete cost analysis was

made at different operating
conditions and related with
productivity  for = mix-milling
equipments. The resulting

operating cost was found to be
affected by both equipments size
and power.

To be more accurate, cost
analysis was used as an important
indicator for selecting optimum
equipment size suited for certain
number of served farms.

screen hole
mix-milling

Influence of
diameter on
operation cost

Representative values of mix-
milling operation cost  versus
specifications of equipments size,
number of hammers, filling system
and addition of suction motors and
under the experimental operating
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conditions of screen hole diameter
are given in Fig. (7).

The obtained data show that
increasing screen hole diameter
from 03 to 0.5 and 0.7 cm
decreased operation cost from 8.49
to 6.13 and 4.85 LE/Mg for first
equipment; from 13.86 to 10.22
and 8.08 LE/Mg for second
equipment; from 8.61 to 6.57 and
5.13 LE/Mg for third equipment;
from 7.69 to 5.86 and 4.58 LE/Mg
for forth equipment.

The major reason for the
increase of cost with small screen
hole diameter by  different
equipments was attributed to both
excessive time and  power
consumed.

Influence of corn ratie in
mixing materials on mix-
milling operation cost

The obtained results showed
that decreasing corn ratio in mixing
materials decreased costs as shown
in Fig. (8).

Decreasing com ratio in
mixing materials from 70 to 65 and
60 % decreased average of
operation cost at 0.3, 0.5 and 0.7
cm of screen hole diameter for
mix-milling operation from 6.67 to
6.20 and 5.71 LE/Mg for first
equipment; from 11.05 to 10.26

and 9.47 LE/Mg for second
equipment; from 7.00 to 6.51 and
6.01 LE/Mg for third equipment;
from 6.26 to 5.81 and 5.36 LE/Mg
for forth equipment.

The obtained data show that the
actual numbers of served farms by
first, second, third, forth and fifth
equipments were 109, 50, 43, 42
and 26 respectively. These values
considered very low compared
with the economical number of
served farms if the equipments
work 8 hours in 336 day per year,
the economical number of served
farms would be 189, 140, 136, 130
and 91farms first, second, third,
forth and fifth equipments
respectively.

Economical number of served

farms

Representative values of both
actual number of served farms
(farm capacity = 5000 broiler, farm
requirements of fodder = 90 Mg /
year) and imposed number of
served farms by  different
equipments are given in Fig. (9).

The obtained data show that the
actual numbers of served farms by
first, second, third and forth
equipments were 109, 50, 43 and
42 respectively. These values
considered very low compared
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with the economical number of
served farms if the equipments
work 8 hours in 336 day per year,
the economical number of served
farms would be 189, 140, 136 and
130 farms by first, second, third
and forth equipments respectively.

Conclusion

From the previous discussions, it
can be concluded that:

1. First equipment of largest size
achieved the highest
productivity and efficiency.

2. Increasing screen hole diameter
increases  productivity and
operational  efficiency but
decreasing energy consumed

and costs of mix-milling
operation.
3. Decreasing corn ratio in

mixing materials increasing

productivity and operational

efficiency but decreasing
energy consumed and costs of
mix-milling operation.

Finally it is recommended to
make study about the number of
farms which would be served to
select the optimum size of the
equipment.
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