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SUMMAR

SUMMARY

This study was conducted in the Agricultural Machines and Equipment
Department of College of Agriculture and Forestry - University of Mosul in
Nineveh Governorate in 2021, using a hammer mill to grind two types of
grain (Barley and Corn). For the purpose of studying the effect of locally
manufactured hammers on the performance of the hammer mill in two stages:

The first stage: included fixing the required dimensions and
measurments for the hammers to manufactured, and determining the type of
metal suitable for this kind of job. Using the Finite Element method as
specified in (COMSOL) software, the stress affecting its structure, and how
far can it bear such a stress was analyzed. Pulleys were also manufactured to
get different rotational speed depending on measurements and dimensions.

The Second Stage: The most important factors affecting the hummer
mill performance were studied. The factors were:

The first factor: Feeding rate at two levels of (2cm) and (4cm)
respectively.

The second factor: Rotational speed at two speeds of (2154) rpm and
(4339) rpm respectively.

The third factor: Type of hammer used (Conventional and
Manufactured).

Then the effects of these factors on the following characteristics were
studied:

- Stresses (Meganewton. m™)

- Average Diameter of Granules (mm)

- Fineness of Grinding (%)

- Productivity (Kg/h)

- Flour Percentage (%)

- Consumed Power (KW)

- Cost of electrical Power (Dinar/KW)

The study aims to increase productivity and reduce the requirements of
the consumed power and then reduce the costs of electrical energy consumed
in the operation of the hammer milling machine, as well as improving the
quality of the crushed material using hammers designed and manufactured
according to special standards and comparing them with conventional
hammers in order to reach a palatable ration of the animal at the lowest costs
at several types of grains.
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The experiment was implemented using a complete randomized design
(CRD) in factorial experiments and Duncan's multiple rang test at the (5%)
and (1%) level was used to test the significance of differences between the
factors.

The following are the most important obtained results:
Regarding to the theoretically calculated stresses for both hammers
(conventional and factory), the results showed the superiority of the
manufactured hammer over the Conventional Hammer, with the lowest stress
and the lowest elongation ratio, which amounted to (140 MPa and 1.4 mm),
respectively.

First: the barley crop.

1- Feeding rate of (4cm) achieved the highest values for each of the
characteristics of (Average Diameter of Granules, Fineness of Grinding,
Productivity, Consumed Power and Electrical Energy Costs). However
feeding rate of (2cm) achieved the lowest values for each of the previously
mentioned characteristics, while feeding rate of (2cm) achieved the highest
values in Flour Percentage.

2- The rotational speed of (2154) rpm achieved the highest values for each of
the characteristics (Average Diameter of Granules , Fineness of Grinding)
while the speed of (4339) rpm achieved the lowest values for the same
aforementioned characteristics. The rotational speed of (2154) rpm achieved
the lowest values for (Productivity, Flour percentage, Consumed Power and
Electrical Energy Costs), while speed of (4339) rpm achieved the highest
values for the previously mentioned characteristics.

3- The Conventional hammer achieved the highest values for each of the
characteristics (Average Diameter of Granules, Fineness of Grinding,
Consumed Power and Electrical Energy Costs), while the manufactured
hammer gave the lowest values for these characteristics. As for the
productivity characteristic, the manufactured hammer recorded the highest
value. As for the Flour Percentage characteristic, there were no significant
differences.

4- As for the interaction between feeding rate and rotational speed, the
feeding rate of (4) cm and a speed of (2154) rpm achieved the highest values
for each of the traits (Average Diameter of Granules, Fineness of Grinding),
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while the feeding rate of (2) cm and at the same rotation speed had lower
values for these Characteristics. As for productivity, consumed Power and
electrical energy costs, the feeding rate of (4) cm at the speed of (4339) rpm
achieved the highest values, while the speed of (2154) rpm at the feeding rate
of (2) cm recorded the lowest values for each of productivity, consuming
power and costs electricity. As for the characteristic of the Percentage of
Flour, the feeding rate of (2) cm at a speed of (4339) rpm recorded the highest
values, while the speed of (2154) rpm at the feeding rate of (4) cm recorded
the lowest values.

5- As for the Combination between the feeding rate and the type of hammers
used, there were no significant differences in the feeding rate of (2) cm for the
two characteristics (Average Diameter of Granules, Fineness of Grinding) for
both hammers. While the feeding rate (4) cm recorded the highest values with
the Conventional Hammer for (Average Diameter of Granules and the
Fineness of the Grinding), while the manufactured hammer achieved the
lowest values for both characteristics. As for productivity, the manufactured
Hammer achieved superior values at a feeding rate (2 cm and 4 cm) compared
to the Conventional Hammer. As for the characteristic of Flour percentage,
the feeding rate (2) cm recorded the highest values for the Conventional
hammer, while the lowest values were recorded for the manufactured
Hammer and at the same feeding rate, whereas no significant differences were
recorded for the two characteristics of the consumed power and electrical
energy costs.

6- As for the interaction between the rotation speed and the type of hammer
used, the rotational speed (2154) rpm with the conventional hammer achieved
the highest values for (Average Diameter of Granules, Fineness of Grinding),
while the manufactured hammer recorded the lowest values, as well as the
speed achieved (4339) rpm The highest values with the Conventional hammer
for both the consumed power and the electrical energy cost. As for the Flour
percentage, there were no significant differences for this interaction.

7- It was found from the triple combination that there were no significant
differences for each of (Average Diameter of Granules, Fineness of Grinding,
Flour percentage, Consumed Power and FElectrical energy costs). As for the
productivity characteristic, the manufactured hammer achieved the highest
values combined with feeding rate of (4) cm and a rotational speed of (4339)

rpm.
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8- As for the characteristics that achieved the highest positive significant
correlation, were between the electrical energy costs with each of the
(Productivity and Consumed Power) Characteristics; and between the
consumed power with (productivity) and between each of the fineness of
grinding with (Average Diameter of Granules). As for the highest negative
significant correlation, it was between electrical energy costs with (Average
Diameter of Granules) and between consumed power with (Average Diameter
of Granules), as well as the Flour Percentage with (Average Diameter of
Granules and Fineness of Grinding).

Second: Corn Crops.

1- The feeding rate was superior to (4) cm in giving it the highest values for
each of (Productivity, Flour percentage, Consumed Power, and Electrical
energy costs), while there were no significant differences for the two
characteristics of Average Diameter of Granules and Fineness of Grinding.

2- The rotational speed of (2154) rpm achieved the highest values for each of
the characteristics (Average Diameter of Granules and Fineness of Grinding),
while the speed of (4339) rpm recorded the highest values for each of
(Productivity, Flour percentage, consumed power and electrical energy costs).
3- The Conventional Hammer recorded the highest values for each of
(Average Diameter of Granules and Fineness of Grinding, Consumed power
and Electrical energy costs), while the manufactured hammer recorded the
lowest values for these characteristics. As for the characteristics of
Productivity and Flour percentage, the manufactured Hammer recorded the
highest values.

4- Regarding to the Combination between feeding rate and rotational speed,
the feeding rate (2) cm at speed of (2154) rpm achieved the highest values for
the two characteristics (Average Diameter of Granules and Fineness of
Grinding). The lowest values were recorded at the same feeding rate at a
speed of (4339) rpm, while The feeding rate (4) cm at speed of (4339) rpm
recorded the highest values for the productivity characteristic. As for the
Flour percentage, the Consumed Power and the Electrical energy costs, there
were no significant differences.

5- The interaction between the feeding rate and the type of hammer used
achieved the highest values at a feeding rate of (2) cm with the conventional
hammer for (Average Diameter of Granules and Fineness of Grinding), while
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the manufactured hammer and at the same feeding rate achieved the lowest
values. While the manufactured hammer achieved the highest values at a
feeding rate of (4) cm For the Flour percentage and Productivity, but for the
two characteristics of the Consumed power and Electrical energy costs, there
were no significant differences.

6- As for the interaction between the rotational speed and the type of hammer
used the speed of (2154) rpm with the conventional Hammer achieved the
highest values for (Average Diameter of Granules and Fineness of Grinding),
while the manufactured hammer at the same speed achieved the lower values.
The speed of (4339) rpm recorded the highest values of productivity using the
manufactured hammer. As for the Flour percentage characteristic, the
manufactured hammer achieved the highest values at a rotational speed of
(4339) rpm. While there were no significant differences for the two
characteristics of Consumed power and Electrical energy costs.

7- As for the triple interaction of the studied factors, the Conventional
hammer recorded the highest values at a feeding rate of (2) cm and at a speed
of (2154) rpm of Average Diameter of Granules and Fineness of Grinding,
while the manufactured hammer recorded the lowest values at the same
feeding rate with the speed of (4339) rpm. As for the two characteristics of
productivity and Flour percentage, the feeding rate (4) cm at speed of (4339)
rpm using manufactured hammer achieved the highest values, while there
were no significant differences for each of the fineness of grinding, the
consumed power and the electrical energy costs.

8- The highest significant positive correlation, was achieved between the
electrical energy costs with each of (Flour Percentage and the consumed
Power), and between the consumed power with (the Percentage of Flour),
between the fineness of grinding with (Average Diameter of Granules) and
between each of The Flour Percentage with (Productivity). The highest
negative significant correlation was between electrical energy costs with
(Average Diameter of Granules and Fineness of Grinding), as well as between
them both characteristics with the consumed power and also between them
both characteristics with the percentage of Flour.
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