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ABSTRACT

Low productivity and high electricity consumption are considered problems of the hammer mill, which is widely
used in current feed production. In this paper, a folded V-shaped hammer was designed to improve the
performance of the hammer mill. To determine the optimal design parameters of the new hammer, the single -
factor test and orthogonal tests were carried out with the inclination angle of hammer, the angle of hammer
head, and the distance of hammer head as the influencing factors, and the productivity and output per kwh as
evaluation indexes. The order of the influence on the productivity and output per kWh were the inclination
angle of hammer>the angle of hammer head> the distance of hammer head. The parameters were optimized
based on the orthogonal tests with the following results: the angle of hammer head was 160°, inclination angle
of hammer was 110°, and the inclination distance of hammer head was 24 mm. The static analysis and modal
analysis were carried out on the optimized hammer by using ANSYS software. The results showed that the
new hammer satisfies the strength and stiffness requirements during working, does not resonate, and has
good dynamic characteristics. The new hammer can effectively improve the performance of the hammer mill,
and the research results can provide theoretical basis for the optimization design of the hammer mill.
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INTRODUCTION

Feed grinding can increase the surface area of feed and improve its palatability and digestibility for
livestock. Therefore, a large amount of feed needs to be ground every year (Mugabi et al.,2017; Wang et
al., 2020; Barnwal et al., 2015). The hammer mill is a widely used grinding equipment in feed processing,
and it has the advantages of low price, simple structure and easy operation (Chen et al.,2017; Qian,2021).
However, there are still some problems, such as low productivity and high electricity consumption with
the hammer mill (Li et al., 2019; Cao et al., 2016; Wang et al., 2020).

The material is ground by the hammer in the grinding chamber. The hammer is key part that affect the
productivity and electricity consumption of the hammer mill (Li et al., 2019; Qian, 2021). In recent years,
researches on the hammer of the hammer mill in China and abroad have mainly focused on the arrangement,
manufacturing process and numbers of the hammer, etc.
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Xu Wei et al., (2021), took the minimum deformation of the traditional hammer as the optimization
objective and used the response surface method and genetic algorithm to optimize the structure parameters
of the hammer. Bochat et al., (2015), designed a new hammer and performed comparative experiments. The
results showed that the new hammer was more efficient than the traditional hammer. Su Congyi et al., (2016),
designed a new hammer and performed comparative experiments. The results showed that the new hammer
reduced the centrifugal inertia force of the material and the density of the material ring, the efficiency of the
hammer mill was improved by 25% to 28%. Ma Qian et al., (2016), studied the influence of the hammer
inclination angle on the grinding performance by using computational fluid dynamics methods. Simulation
results showed that the hammer with an inclination angle could improve the flow field characteristics of the
grinding chamber and the efficiency of the hammer mill. CPS-420 hammer mill was taken as the experimental
prototype, Li Xiuqing, (2021), designed an edged hammer and an angled hammer, discrete element simulation
and grinding performance tests were carried out. The results showed that both the edged hammer and the
angled hammer could improve the grinding performance. The angled hammer could change the flight trajectory
of materials, reduce movement speed of materials, and the angled hammer was beneficial to sieve. The
hammer mill with an inclined hammer was beneficial for reducing electricity consumption. The edged hammer
could break more material bonding keys, improve the production efficiency of the hammer mill.

In this work, a hammer mill CPS-420 produced by machinery factory of Inner Mongolia Agricultural
University in China was taken as the prototype. Considering the existing problems with the hammer mill, the
grinding process of materials in the grinding chamber was analysed, a folded V-shaped hammer was designed
to improve the performance of the hammer mill, and the key structural parameters of the new hammer affecting
the performance of the hammer mill were determined. The orthogonal tests were used to optimize the structural
parameters of the hammer, and the optimal combined parameters were determined. The research results can
provide a reference for the optimal design of the hammer mill.

MATERIALS AND METHODS

e Overall structure and working principle

The hammer mill used in this study is mainly composed of an outlet, a frame, a motor, a feeding hopper,
a sieve, and a hammer. The structure diagram of the hammer mill is shown in Figure 1. When the hammer mill
is working, the feed materials enter the grinding chamber through the feeding hopper. It is first ground by the
hammer and then further ground by the impact between the feed and sieve. When the feed particle size is
smaller than the sieve hole diameter, the feed is discharged from the outlet.

Fig. 1 - Structure diagram of the hammer mill
1-Frame; 2-Outlet; 3-Sieve frame and sieve; 4- Hammer; 5-Air inlet of feeding mouth; 6-Feeding hopper;

7-Cover plate of grinding chamber; 8. Hammer frame; 9-Grinding chamber; 10-Motor

Table 1
Specification of hammer mill
Specification Value
Size (LengthxWidthxHeight) 650x380%930 mm
Motor power 3 kW
Rotational speed of rotor 4 400 r/min
Number of hammers 24
Sieve width 170 mm
sieve hole diameter 3 mm
Productivity 900~950 kg/h
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e Principle analysis of material grinding

When the hammer mill is working, the materials in the grinding chamber are mainly ground by the
combined action of the hammer, the sieve, and material particles. The schematic diagram of movement of
material particles in the grinding chamber is shown in Figure 2. The linear speed of the hammer is v. Assuming
that the impact between the hammer and the material is a frontal impact, the speed of the material after the
impact is vi, which is the same as v. Energy transfer is completed at the moment of impact, the kinetic energy
of the high-speed rotating hammer is transferred to the material particles. After impact, the material particles
move in the direction of vi and impact with the sieve in the grinding chamber. The kinetic energy of the material
particles decreases, and the lost energy during the impact process is used to destroy the cohesive force of the
material particles themselves, causing the material to quickly grind.

Fig. 2 - Schematic diagram of movement of material particles

e Design of V-shaped hammer for the hammer mill

According to Figure 2, the material particles enter the grinding chamber from the feeding hopper and
mainly impact with the side surface of the hammer end. Without considering the influence of factors such as
air flow resistance and friction on the hammer, the following equation can be obtained from the impulse
momentum theorem (Qian, 2021).

PAt =m (v —v,) (1)
where: P is the impact force between the hammer and the material, N; mz is the mass of hammer, kg; At is the
impact time between hammer and material, s; v is the speed of the hammer before impact, m/s; vz is the speed
of the hammer after impact, m/s.

According to Eq. (1), if the speed of hammer and the speed of material are constant, the impact of the
hammer on the material is increased with the increases of mi, accelerating the grinding efficiency of large
particle materials into small particles, thereby improving the grinding performance of the hammer mill.

In addition, it found that the impact angle of particles thrown onto the sieve after being impacted by the
hammer affects the sieving effect of the material. The impact of the hammer on the material particles in the
grinding chamber is shown in Figure 3.

o\
Fig. 3 - Schematic diagram of material particles impacting screen plate

It can be seen from Figure 3 that after the traditional hammer impacts with material particles, its ejection
angle is @, point A is the impact point between the material and the sieve, « is the impact angle, y is the angle
between the centre line of the hammer and the radial centre line of point A on the sieve, F, is the combined
force of the material particles under the impact of the hammer, F, and F, are the positive and side impact force,
they are the two components of F;,. The following equations can be obtained (Du, 2015):

a=¢+y )
F, = F;sina 3)
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An analysis of Eq. (2) and Eq. (3) show that the larger the impact angle, the greater the positive impact
force, which is more conducive to the grinding and sieving effect of the material. The optimized hammer should
increase the impact angle of the material on the sieve, so that the ground material can be quickly sieved out
and achieve efficient grinding of the material.

During the working process of the hammer mill, the material is mainly ground by the impact between the
end of the hammer and the material. Based on the above theory and referring to the picking mechanism of the
straw baler (Qian, 2021), a new design scheme of a folded hammer structure was proposed. The end of the
hammer was designed as a V-shaped structure with a fold line, which can improve the quality of the hammer
appropriately. On the other hand, it increases the impact probability between the hammer and the material,
thereby improving the grinding efficiency of the hammer mill. The schematic diagram and physical picture of
the new hammer structure are shown in Figure 4.

a

Rl

a) structure diagram of V-shaped hammer b) physical picture of V-shaped hammer

Fig. 4 - Parameters of V-shaped hammer
Note: In Fig.4a: a- Inclination angle of hammer; b-Angle of hammer head; c-Inclination distance of hammer head

e Design of hammer thickness
The overall thickness of the hammer has a significant impact on the grinding performance of the hammer

mill. If the hammer is too thin, it will cause its wear resistance to deteriorate and require frequent replacement,
which not only increases the labour intensity of maintenance workers but also increases the cost of material
grinding. The hammer is too thick, although it increases the probability of the material being hit, the load on
the rotor of the hammer mill will increase, resulting in huge electricity consumption.

Therefore, based on the structural parameters of the grinding chamber of the CPS-420 hammer mill, the
thickness of the hammer was designed by the following equation:

Z =K,B/é 4)
where: Z is the thickness of hammer; K, is the density coefficient of hammer configuration. Generally, K, is
taken as 0.2~0.42; B is the width of grinding chamber, B=170 mm; J is the total count of hammer, 0=24.

Based on the analysis of the density of the prototype hammer in this study, it was found that K, is 0.42.
According to Eq. (4), the thickness of the new hammer was calculated to be 2.98 mm, for processing
convenience, Z was taken as 3 mm.

In addition, the effective impact area between the traditional rectangular hammer of the hammer mill
and the material is determined by the following equation:

S1 =B XP )
where: S, is the effective impact area of the traditional hammer, mm?; B, is the thickness of the traditional
hammer, mm; P, is the length of the traditional hammer, mm.

Bringing B; and P, into Eq. (5), it can be obtained S; = 2.5 x 101 = 252.5(mm?).

The optimized hammer end is a double-sided structure, and the effective impact area of the hammer is:

S; =B, x (P, +P;3) (6)
where: S, is the effective impact area of the optimized hammer, mm?; B, is the thickness of the optimized
hammer, mm; P, and P; are the lengths of the optimized hammer and its head, respectively, mm.

Bringing B, , P,and P, into Eq. (6), it can be obtained S, = 3 x (105 + 11) = 348(mm?)

According to the analysis of Eq. (5) and Eq. (6), it can be seen that the effective impact area of the
optimized hammer is about 1.4 times greater than that of the traditional hammer, thereby increasing the
probability of impact between the material and the hammer.

e Design of hammer length
The length of the hammer affects the gap between the hammer and sieve. When the hammer mill is

working, there is a material circulation layer between the end of the hammer and the sieve that rotates with
the hammer. When the distance between the end of the hammer and the sieve is too large, the small particle
materials have been ground near the end of the hammer are not easy to be sieved out. If the distance is too
small, the velocity of the circulation layer increases, the particle size of the material is low, and it increases the
electricity consumption.
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It was found that the distance between the end of the hammer and the sieve is generally between 7 mm
to 10 mm (Qian et al., 2020). In this paper, the distance is 9 mm.

The length of the hammer is determined by the following equation:

n=R,—AR-L; )

where: 1y is the distance from the centre of the pin shaft installation hole to the end of the hammer, mm; R, is
the radius of the sieve, R,=195 mm; AR s the distance between the end of the hammer and the sieve, AR =9
mm; L; is the distance from the centre of the rotor to the centre of the pin shaft installation hole, L;=92 mm.

Bringing R;, AR and L; into Eq. (7), it can be obtained r; = 94 mm.

e Parameter design of hammer experiment
The design of the new hammer structure of the hammer mill should not only satisfy the hammer

installation size, but also consider the distance between the end of the hammer and the sieve. The angle of
hammer head of the new hammer directly affects the grinding characteristics of the hammer. Considering the
motion characteristics of the ground material in the grinding chamber and the structural parameters of the
hammer mill, the ranges of hammer head were set to 90° to 150°; considering the wear angle and position of
the end of the hammer, the inclination distances of hammer head were set to 15 mm to 30 mm. In addition,
the circulation area between the end of the hammer and the sieve in the grinding chamber has a significant
impact on the sieving and grinding of the material. The airflow characteristics in the circulation area are closely
related to the inclination angle of hammer. According to Qian et al., (2021), it was found that when the
inclination angle of hammer changes from 140° to 165°, the material can achieve better sieving performance.
Therefore, the inclination angles of hammer were set to 140° to 165°.

e Experimental design
In order to study the influence of the structural parameters of the new hammer on the grinding

performance of the hammer mill, and determine the optimal hammer structure parameters. The experiment of
grinding performance was carried out based on the inclination angle of hammer, the angle of hammer head,
and the inclination distance of hammer head.

e Experimental materials and equipment
Corn grain was selected as the test material. The average moisture content of corn grain was 13.2%.

The variety of corn used was JINSHAN-126, with a moisture content of 13.20% and bulk density of 723 kg/m?.
The test equipment included a TCS-150 type electronic scale (accuracy of 0.01 kg), a BT223S type electronic
balance (accuracy of 0.001 g), an electric energy meter, a stopwatch and a drying box, etc.

e Evaluation indexes
In order to objectively and accurately evaluate the grinding performance of the hammer mill, according
to the Chinese national standard (GB/T 6971-2007) (China National Standardization Committee, 2007), the
productivity and electricity consumption per ton were taken as the performance evaluation indexes.
The calculation equations are given by Eq. (8) and Eq. (9) (China National Standardization Committee,
2007).
E =m/t. 8)
Y=2/Q )
where:
E is the productivity, t/h; m is the material mass, t; tc is the material grinding time, h.

Y is the output per kWh, t/kwWh; Q is the electricity consumption, kWh; Z is the output, t.

e Test procedures
The new hammers with different structural parameters were installed on the hammer mill to carry out

the grinding performance tests. The test procedures were as follows:

(1) The hammer mill ran no-load firstly, and after the no-load power stabilizes, the spindle speed was
measured to verify whether the speed meets the requirements of the hammer mill.

(2) The hammer mill ran with load, and it ran smoothly for 1 to 2 minutes, after confirming that there are
no abnormal phenomena, the grinding performance test was carried out according to the test scheme.

(3) In order to increase the accuracy of experimental data, each group of tests was repeated three times.
The average values were taken as the test results.
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RESULTS
e Single-factor test results and analysis

Results and analysis of the inclination angle of hammer
The values 140°, 145°, 150°, 155°, 160°, and 165° were selected as the inclination angle of hammer,
productivity and output per kW+h tests were carried out. The test results are shown in Table 2.

Table 2
Grinding performance of the inclination angle of hammer
Inclination angle of hammer Productivity Output per kWh
[] [t/h] [t/kWh]
140 0.89 5.12
145 0.94 4.93
150 1.02 4.80
155 1.07 4.72
160 0.98 4.82
165 0.92 5.13

It can be seen from Table 2 that with the inclination angle of hammer increases, the productivity first
increases and then decreases, and the output per kWh first decreases and then increases. When the
inclination angles of hammer were 155°, the productivity was highest and the output per kWh per ton of
material was lowest; from the trend of changes in productivity and output per kWh, it can be seen that the
better inclination angle ranges of the hammer were 150° to 160°.

Results and analysis of the angle of hammer head

90°, 100°, 110°, 120°, 130°, and 140° were selected as the angle of hammer head, productivity and
output per kW+h tests were carried out. The test results are shown in Table 3.

Table 3
Grinding performance of the angle of hammer head
Angle of hammer head Productivity Output per kWh

[°] [t/h] [t/kwWh]
90 0.96 5.03
100 0.99 4.87
110 1.04 4.82
120 1.02 4.90
130 0.93 5.12
140 0.89 5.08

It can be seen from Table 3 that with the angle of hammer head increases, the productivity first
increases and then decreases, the output per kWh shows a waveform trend. When the angle of hammer
head was 110°, the productivity was highest and the output per kwWh was lowest. From the trend of changes in
productivity and output per kWh, it can be seen that the better angles of hammer head were 100° to 120°.

Results and analysis of the inclination distance of hammer head

The values 15 mm, 18 mm, 21 mm, 24 mm, 27 mm and 30 mm were selected as the inclination
distance of hammer head, productivity and output per kWh per ton of material tests were carried out.

The test results are shown in Table 4.

Table 4
Grinding performance of inclination distance
lnc“;:;()r:e(:litea;dce of Productivity Output per kWh
[mm] [t/h] [t/kwh]
15 0.97 5.01
18 0.90 4.92
21 0.95 4.83
24 1.03 4.84
27 1.01 4.81
30 0.98 4.92

It can be seen from Table 4 that with the inclination distance of hammer head increases, the
productivity first decreases and then increases, and then decreases again.
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The output per kWh first increases and then decreases. When the inclination distance of hammer
head was 24 mm, the productivity was the highest; when the inclination distance of hammer head was 27
mm, the output per kWh was the lowest; from the trend of changes in productivity and output per kWh, it
can be seen that the better inclination distances of hammer head were 24 mm to 30 mm.

e Orthogonal tests results and analysis

In order to obtain the optimal working parameters combination of the hammer, three -factor, and three
level orthogonal tests were carried out. According to the single-factor test results, the level of each factor
was determined as shown in Table 5.

Table 5
Levels of factors for orthogonal tests

Inclination angle of hammer|Angle of hammer head | Inclination distance of hammer head
Level of A B c
factor [ ] [mm]
1 150 100 24
2 155 110 27
3 160 120 30

The results of the orthogonal tests are shown in Table 6. It can be seen from Table 6 that the range
of factor B in productivity test and output per kWh test was 0.1 and 0.2 respectively, both of which were the
maximum values, indicating that the factor B had the greatest impact on productivity and output per kWh.
The range of factor A was 0.06 and 0.08 respectively, both of which were greater than factor C, indicating
that the factor A had a secondary impact on the productivity and output per kWh; The range of factor C was
0.05 and 0.06 respectively, both of which were the smallest, indicating that the factor C had the smallest
impact on productivity and output per kWh. Using the range analysis method, the rankings of the three
factors according to the importance to the productivity and output per kWh were obtained, successively,
they were factor B > factor A > factor C. The combined optimal parameters of productivity were as follows:
B2A1Ci1. The combined optimal parameters of output per kWh were as follows: B2AsCi.

The Bz level of factor B was selected twice, so B2 was the optimal level for factor B. The Ci level of
factor C was selected twice, so Ci1 was the optimal level for factor C. The As level and Az level of factor A
were selected once each, therefore, the optimal level of factor A was between Az and Ai. It can be seen
from Table 6 that the E_ki plus Y_kiwas less than E_ks plus Y_ks, so the As was the optimal level for factor
A. The final combined optimal parameters were as follows: B2AsCa.

Table 6
Results of orthogonal tests
Inclination angle Angle of Inclination distance | Empt .
Factor test of hammerg hamrr?er head of hammer head colu?n% Prodcht|V|ty Output eer kWeh
number A B C D
[°] [°] [mm] \ [t/h] [t/kWh]
1 1 1 1 1 0.97 4.84
2 1 2 2 2 1.03 4.87
3 1 3 3 3 0.98 4.86
4 2 1 2 3 0.92 4.97
5 2 2 3 1 0.96 5.04
6 2 3 1 2 0.93 4.81
7 3 1 3 2 0.87 4.78
8 3 2 1 3 1.08 5.20
9 3 3 2 1 0.94 4.85
E_ki 0.99 0.92 0.99 0.96
E_k2 0.93 1.02 0.96 0.94
E_ks 0.96 0.95 0.94 0.99
E Range R 0.06 0.1 0.05 0.03
E_Importance ranking affected by the three factors B>A>C
E Optimal parameter B2A1C1
Y ki 4.86 4.86 4.95 4.91
Y ke 4.9 5.04 4.90 4.82
Y ks 4.94 4.84 4.89 5.01
Y_Range R 0.08 0.2 0.06 1.78
Y _Importance ranking affected by the three factors B>A>C
Y_Optimal parameter B2A3C1

Note: E_k;, E_k;, and E_k; represented the average value of the sum of the three evaluation indicators of productivity for the same
parameter at the same level, t/h;Y_k;, Y_k;, and Y_k; represented the average value of the sum of the three evaluation indicators of
output per kWe=h for the same parameter at the same level, t/kWh.

197



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

e Static results and analysis of the hammer

The hammer is the key component of the hammer mill. Static analysis of the optimized hammer will be
carried out, which can identify dangerous cross-sectional areas in the design, and improve the shortcomings
in the design. In this work, static analysis on the optimized hammer was carried out by ANSYS software. The
mesh is shown in Figure 5.

Fig. 5 - Hammer mesh

Due to the high-speed rotation of the hammer in the grinding chamber, compared to the unloaded
situation, the load on the hammer under loading is relatively large, so only the loading situation was analysed
and calculated.

According to the momentum theorem, the impact force between the material and the hammer is as
follows:

PAt, =mAv (10)
where: At, is the contact time between the material and the hammer, s; Av is the variable of velocity of
hammer after contact with the material, m/s; m: is the mass of hammer, kg; P is the impact force between
the material and the hammer, N.

0.00493 X(85.2—45.6) __

Bringing At,, m1 and Av into Eq.(10), it can be obtained P = ———————— = 195.2(N).

0.001
The impact force, the rated speed, the constraints, etc. of the material and hammer were added to

the hammer, and the static calculation and solution on the hammer were carried out. The equivalent stress
cloud map and deformation cloud map of the hammer are shown in Figure 6.

oy ——

1.0638e-5
7.092e-6
3.546e-6
0Min

a) stress cloud map b) total deformation cloud map

Fig. 6 - Static analysis simulation cloud chart of new hammer

It can be seen from Figure 6a that the stress of the hammer was mainly concentrated at the circular
hole that matched with the pin shaft, the stress variation range was 0.0145 MPa to 26.37 MPa. The stress
of the hammer was mainly between 0.01445 MPa to 14.7 MPa. The material of the hammer was 45# steel,
its yield strength was 355 MPa, which was much greater than the maximum stress of the hammer. From the
stress analysis, the hammer satisfies the strength and stiffness requirements during working.

It can be seen from Figure 6b that the maximum deformation in the X direction was 7.41 ym. The
maximum deformation in the Y direction was 4.35 ym. The maximum deformation in the Z direction was
7.42 um. The total deformation was 31.9 um. Therefore, the deformation of the hammer was very small, and
there will be no structural damage during working.

e Modal results and analysis of the hammer

Objects with different structures have different natural frequencies. When the external excitation
frequency is consistent with the natural frequency, the object will resonate. Therefore, modal analysis of key
components is crucial. Modal results of the new hammer are shown in Figure 7. According to the working
principle of the hammer, the maximum excitation frequency of the hammer during working is the excitation
frequency generated by the rotor rotating at the rated speed. The maximum speed of the rotor was 4400
r/min, so the maximum excitation frequency of the hammer was 73.33 Hz. The first-order to sixth order
natural frequencies of the hammer were 7.556 Hz, 8.377 Hz, 9.563 Hz, 10.450Hz, 11.880 Hz and 11.109
Hz, respectively, the maximum excitation frequency of the hammer was much greater than the natural
frequency. Therefore, resonance was effectively avoided and the dynamic characteristics are good.
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Fig. 7 - Modal results and analysis of the new hammer

The previous studies mainly focused on the structure of the hammer mill and the shape of the grinding
chamber, with the goal of improving the efficiency and reducing energy consumption of the hammer mill, a
series of studies were carried out. Hammer is a key component for crushing materials, some scholars have
studied the material and wear resistance of hammer, but have not studied the structure and shape of hammer.
Therefore, this article focuses on optimizing the design of hammer, a folded V-shaped hammer was designed.
The hammer mill installed the V-shaped hammer, which not only improved production efficiency but also
reduced energy consumption. The research results can provide theoretical basis for the optimization design of
the hammer mill.

CONCLUSIONS

1. Taking the hammer of CPS-420 hammer mill as the studied object, the grinding process of materials in
the grinding chamber was analysed. It was found that changing the shape of the hammer reasonably could
increase the probability of material being hit. Combined with the dynamic characteristics of material grinding,
a design scheme of a folded V-shaped hammer was proposed, the folded V-shaped hammer effectively
increased the contact area with the material, thereby it effectively improved the grinding performance of the
hammer mill.

2. Taking the inclination angle of hammer, the angle of hammer head, and the inclination distance of
hammer head as the influencing factors, and the productivity and output per kWh as evaluation indexes, the
grinding performance of the hammer mill was experimentally studied through single factor test and orthogonal
tests. The results of the single factor test showed that the optimal parameter range for the inclination angle of
hammer was 150° t0160°, the optimal parameter range for the angle of hammer head was 100° to 120°, and
the optimal parameter range for the inclination distance of hammer head was 24 mm to 30 mm. The orthogonal
tests results showed that the rankings of the three factors according to the importance to the productivity and
output per kwWh were obtained, successively, they were the angle of hammer head, the inclination angle of
hammer and the inclination distance of hammer head. The final combined optimal parameters of the hammer
are as follows: 160° the angle of hammer head, 110° the inclination angle of hammer and 24 mm the inclination
distance of hammer head.

3. The static analysis and modal analysis were carried out on the optimized hammer by using ANSYS
software. The static analysis results showed that the stress variation range of the new hammer was 0.0145
MPa to 26.37 MPa. The stress of the hammer was mainly concentrated at the circular hole that matched with
the pin shaft. The total deformation was 31.9 um, the hammer satisfies the strength and stiffness requirements
during working. The modal analysis results showed that the first-order to sixth order natural frequencies of the
hammer were 7.556 Hz, 8.377 Hz, 9.563 Hz, 10.450Hz, 11.880 Hz and 11.109 Hz, respectively, the maximum
excitation frequency of the hammer was 73.33 Hz, which was much greater than the natural frequency,
resonance was effectively avoided and the dynamic characteristics were good.
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