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Abstract:

The current depletion of high-quality coal seams, hard
coal mining had become the norm, while the traditional
mechanical cutting methods were inefficient. A multi-impact
cutting technology was proposed, which was to design a
hydraulic system inside the drum. A hydraulic control system was
formed by the hydraulic impact pick driver set by the ranging arm
and the cutting motor to realize the reciprocating impact
movement of multiple picks. The impact of picks was used to
make the coal synchronously pre-crack, thereby reducing the
difficulty of hard seam mining. In this paper, by analyzing the
working process of the multi-impact drum, the corresponding
mechanical model was established and the overall research plan
was determined. A simplified drum model was established using
CATIA, a coal model was established in EDEM based on the
physical and mechanical properties of hard coal, and a simulation
 Ying Tian
tianluoluo@sohu.com
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experiment composed of the cutting drum and coal model was
based on orthogonality. The test method explored the working
performance of the multi-impact drum under the action of
multiple factors in cutting different media, using different impact
frequencies and different drum speeds. The results showed that
the coal breaking rate was used as the evaluation index, the order
of the influencing factors was: A>C>B (coal hardness> drum
speed> impact frequency), and the optimal plan combination was
A2B1C3 (coal wall hardness was f5, impact frequency was 4Hz,
drum speed was 40r·min-1); taking cutting specific energy
consumption as the evaluation index, the order of influencing
factors was: C>A>B (drum speed>coal hardness>impact
frequency), the optimal plan combination was A2B1C3 (coal wall
hardness was f5, impact frequency was 4Hz, drum speed was
40r·min-1). The matrix analysis method was further introduced to
calculate that the order of the influence of each factor on the
index value of the orthogonal test was C>A>B (drum speed>coal
hardness>impact frequency), when the coal hardness was f5, the
impact frequency was 4Hz, and the drum speed was 40r·min-1,
the working performance of the multiimpact cutting drum was the
best. Under the same working conditions (coal hardness was f5,
drum speed was 40r·min-1), a comparative simulation experiment
of the traditional drum was carried out. Compared with the
simulation results, the coal falling amount of the multi-impact
drum was about 24.86% higher than that of the traditional drum,
and the cutting specific energy consumption of the multi-impact
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drum was 0.7423kW·h/m3, which was about 21.67% lower than
that of the traditional drum. Finally, a simplified multi-impact
drum industrial cutting test was carried out. The test results
showed that the cutting resistance of the multi-impact drum was
about 17.22% lower than when there was no impact. Considering
that the simplified multi-impact cutting drum had a reduced
impact pre-cracking effect on the coal, it can be considered that
the results of the industrial test and the discrete element
simulation test were still relatively consistent. The multi-impact
cutting drum had good working performance under hard coal
conditions.
Keywords: Multi-impact drum • Hard coal • Discrete element •
Orthogonal test • Matrix analysis
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Introduction

The long-term large-scale mining has led to a rapid
decline in the reserves of high-quality coal.The mining
work with complex conditions such as thin seam [1], hard
seam [2], gangue seam [3], and high gas seam [4] is
inevitable. However, traditional cutting methods can no
longer achieve the desired results under complex seam,
restricting mining efficiency and becoming one of the main
reasons for the gradual decline in annual coal production in
recent years.
The reduction in mining efficiency of traditional cutting
methods under complex conditions is caused by multiple
factors. The special occurrence conditions of complex
seam is often not single, such as hard thin seam, gangue
thin seam, high gas hard seam, etc.. In these cases, it is
difficult to achieve good results by changing the size or
power of the cutting mechanism, because the internal
structure of complex seam determines the difference in
mechanical properties compared with high-quality seam,
thereby reducing the applicability of the coal breaking
mechanism of traditional cutting methods. Therefore, study
on new cutting methods for complex conditions is an
important scientific orientation of the current coal industry.
In recent years, there are a wide variety of new
coal-breaking technologies, which are classified according
to their working principles and can be divided into jet
cutting [5-7], jet-assisted mechanical cutting [8-11],
special-shaped pick cutting [12-14], laser cutting [15-18],
drilling expansion agent cutting [19-20]. Compared with
traditional mechanical cutting methods, the mining
efficiency of the above methods under different conditions
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is improved, but they also have certain limitations from a
general perspective. For example, the water jet may
increase the viscosity of coal and the abrasive jet may
cause the abrasive particles to be mixed into the coal,
which increases the difficulty of subsequent coal washing
and coal preparation; the processing cost of special-shaped
pick is higher, and there are higher requirements in its
material strength; laser cutting is not easy to control the
energy range, and it may change the properties of coal,
which will lead to physical failure; the process of drilling
expansion and cracking agent is more complicated and the
construction time is long. Therefore, a multi-impact
cutting technology is proposed by author, which is to
design a hydraulic system inside the drum. A hydraulic
control system is formed by the hydraulic impact pick
driver set by the ranging arm and the cutting motor to
realize the reciprocating impact movement of multiple
picks. The impact of picks is used to make the coal
synchronously pre-crack, thereby reducing the difficulty of
hard coal mining. The article will focus on the work
performance of the multi-impact drum, by constructing a
mechanical model of multi-impact cutting, analyze the
factors affecting coal efficiency and work performance
evaluation indexes, and combine numerical simulation and
industrial test verification methods to explore the working
performance of multi-impact drum under hard seam.

2
2.1

Analysis of the Structure and Mechanical
Model of the Multi-impact Drum
Structure of Multi-impact Drum

The multi-impact drum is modified based on the
structure of the traditional drum. As shown in Figures 1
and 2, the hydraulic control system is installed inside the
drum, and the ranging arm and motor are equipped with
hydraulic pressure. The impact pick drive and its pipes are
connected to the shearer hydraulic oil tank, the pipes of
drive are connected with the pipes of drum and the pipes of
picks, which are used to control multi-impact drum. All the
picks above are hydraulic impact picks. Through the same
hydraulic control system, multiple hydraulic impact picks
are controlled to impact or retract, so that the hydraulic
impact picks on the entire drum alternately impact coal.
Before cutting the surface of the seam, a certain depth of
impact hole can be quickly provided in the pre-contact area
to form a local unloading area to achieve the purpose of
unloading the overall coal and rock. It has the same rotary
cutting as the normal drum while impact unloading ability.
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Figure 1

Structure of the multi-impact drum
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1-Hydraulic impact pick; 2-Pipe of picks; 3-Pipe of drum; 4-Drum;
5-Ranging arm; 6-Drive; 7-Pipe of drive

Figure 2

Distribution with pipe of the multi-impact drum

The schematic diagram of the impact pick drive control
system is shown in Figure 3. The drive system consists of
motor, hydraulic pump, replenishing pump, and tank, the
impact picks, two hydraulic circuits, frame, control device,
two pressure sensors, five solenoid valves, two flow
sensors, filters, accumulators, liquid circuit heat
exchangers and two temperature sensors. As shown in the
figure, the motor, hydraulic pump, and replenishing pump
are installed on the same frame. The fluid tank is
responsible for supplying hydraulic oil to the replenishing
pump. The replenishing pump is responsible for delivering
the hydraulic oil to the hydraulic pump. The hydraulic
pump is connected to the hydraulic circuits, which is to
supply liquid to impact picks that need to perform impact
motion for driving. The inverter drive system inputs the
pressure, temperature, and flow data to the control device
through the pressure sensor and other signals, and then
outputs a series of signals to the solenoid valve for
corresponding movement to achieve stable and reliable
internal operation of the drive system.

Monitor
input

AD data
processing

Vector
inverter

HMI
Keyboard
Inverter
motor

1-Motor; 2-Hydraulic pump; 3-Replenishing pump; 4-Tank; 5-Pick;
6-First hydraulic circuit; 7-Second hydraulic circuit; 8-Frame; 9-Control
device; 10-First pressure sensor; 11-Second pressure sensor; 12-First
solenoid valve; 13-Second solenoid valve; 14-Third solenoid valve;
15-Fourth solenoid valve; 16-Fifth solenoid valve; 17-First flow sensor;
18-Second flow sensor; 19-Filter; 20-Accumulator; 21-Liquid heat
exchanger; 22-The first temperature sensor; 23-The second temperature
sensor

Figure 3

2.2

Impact pick drive control system

Working Process of the Multi-impact Drum

Figure 4 shows the cutting process of the multi-impact
drum. The drum moves linearly at the traction speed v, and
at the same time drives the picks to rotate at the speed n. At
this time, driven by the impact pick driver, the picks
(No.1~6) in contact with coal will make a reciprocating
impact motion along its axis with the impact force Fc. At
this time, the other picks (No.7-12) are not involved in
cutting as energy storage picks, so they do not impact.
When the drum rotates until the No.6 pick leaves the coal
and the No.12 pick starts to contact the coal, the working
picks become No.1 to No.5 picks and No.12 pick, which
are responsible for cutting and impact movement; The
picks become the 6~11 picks and only do idling. Such a
reciprocating cycle is the working process of the
multi-impact cutting drum.
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axis. Similarly θyi represents the angle between O1O2 and
the Y1 axis, and θzi represents the angle between O1O2 and
the Z1 axis. As shown in Figure 6, in order to simplify the
model, the pick is represented by O1O2. And the lateral
force Z0, feed resistance X0, cutting resistance Y0 and
impact force O0 on any pick are represented by zi, xi, yi, oi.
Among them, Z0, X0, and Y0 are perpendicular to each other,
and O0 is parallel to the pick axis O1O2.
In addition, assuming that the resultant force applied to
the pick is along the O1O2 direction. This value is related to
the angle defined in Figures 5 and 6. And is related to the
position angle φi of the pick tip radial line relative to the Y
axis, where φi is shown in Figure 7.
Figure 4

Working process of the multi-impact drum

2.3 Coal-breaking Mechanics Model of Multi-impact
Drum
2.3.1

Cutting Mechanics Model of Pick

Build the pick model at any position on the drum as
shown in Figures 5 and 6, and make assumptions:
(1) The pick, seat, and drum are assumed to be rigidly
connected and regarded as a whole.
(2) The pick is assumed to be concentrated and the point of
action is at the tip of the pick.

Figure 7 Position of pick relative to drum

Combined with Figures 5-7, it can be obtained that the
feed resistance xi, the cutting resistance yi, the lateral force
zi and the impact force oi experienced by the pick i when
the drum is at a non-specific position are in the global
coordinate system:

Figure 5

Setting angel of pick

Figure 6

 Fxi   yi cosi  xi sin i  ni oi cos xi

 Fyi  yi sin i  xi cosi  ni oi cos yi

 Fzi  zi  ni oi cos zi

Force on pick

As shown in Figure 5, a global coordinate system is
constructed on the drum. The origin O is located at the
center of the drum end surface, and the X, Y, and Z axes
point to the traction direction, the vertical upward direction
and the goaf direction respectively. Then a local coordinate
system is established at the tip of the pick. The origin O1 is
at the tip of the pick, and the X1, Y1, and Z1 axes are
consistent with the X, Y, and Z axes respectively. The θxi
represents the angle between any pick axis O1O2 and the X1

(1)

where Fxi, Fyi and Fzi are the force of the pick on the X, Y,
Z axis, ni is the number of impacts of the i-th pick, and is
related to the impact frequency and working time of the
pick.

2.3.2

Cutting Mechanics Model of Drum

The force of the multi-impact drum is related to the
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force of all picks participating in the work. And it is the
result of the collection of forces on all picks participating
in the work. The force is shown in Eq. (2), and the
coordinate system is the same as that shown in Figure 5.

N jg
N jg

 Fx   Fxi    yi cosi  xi sin i  ni oi cos xi 
i 1
i 1

N jg
N jg




F
F
 yi  yi  yi sin i  xi cosi  ni oi cos yi
i 1
i 1

N jg
N jg

 Fzi   Fyi   zi  ni oi cos zi 

i 1
i 1





(2)

Figure 8

Table 2

The scheme of orthogonal test

Scheme No.

Coal hardness

1
2
3
4
5
6
7
8
9

f4
f4
f4
f5
f5
f5
f6
f6
f6

where Njg is the total number of picks involved in cutting.

3 The Influence of Multiple Factors on the
Performance of the Multi-impact Drum
3.1

Orthogonal experiment method

Impact Frequency
/Hz
4
6
8
4
6
8
4
6
8

Drum speed
/(r·min-1)
30
35
40
40
30
35
35
40
30

Simulation Plan

Considering that the study object is based on the
working performance of the multi-impact drum on hard
seam. The coal hardness, the impact frequency of picks,
and the drum speed are selected as variables. The
parameters of the scheme and coal attributes are shown in
Table 1.

Table 1

Parameters of multi-impact drum and coal parameters

Ctuuing
depth
/mm

Traction speed
/(m·min-1)

Coal
hardness

900

10

f4
f5
f6

Impact
frequency
/Hz
4
6
8

Drum speed
/(r·min-1)
30
35
40

The orthogonal experiment method shown in Figure 8 is
used to match the above three variable parameters. The 27
nodes of the cube in the figure represent all 27
combinations of operating conditions, and the 9 nodes
marked with emphasis represent the combination of
orthogonality. In this case, let A be the coal hardness, B the
impact frequency of picks, and C the drum speed. The
simulation scheme is shown in Table 2.

3.2

Cutting model of multi-impact drum

3.2.1

Geometry model of drum

In order to be able to clearly simulate the impact effect
of the picks of the multi-impact drum, the CATIA software
was used to establish a model of drum. The internal
hydraulic system structure was ignored when modeling,
and a simplified model was established. According to the
MG500/1180-WD shearer, the key structural parameters of
the drum are determined as shown in Table 3. The pick
arrangement of the shearer selects the sequential
configuration method, the spiral cut line distance is set to
80mm, and the pick installation angle is set to 50°. After
importing EDEM, as shown in Figure 9, use the ‘merge’
command to merge the parts other than the picks into a
whole named ‘guntong’, and then name the picks ‘1-1, 1-2,
4-18’ in the order of arrangement, etc..

Table 3

Main structural parameters of drum

Drum width

Bore diameter

Drum diameter

Helix angle

/mm

/mm

/mm

/°

900

650

1800

25
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method is:

E

S n  l

S  G
 t l

Figure 9

3.2.2

Geometry model of multi-impact drum

where l is the particle spacing.

Coal model

In order to facilitate the study of the cutting effect of the
multi-impact drum, the coal model assumed that a free
surface with a similar shape to the outer envelope surface
of the drum had been cut. According to the drum size, it is
established as shown in Figure 10(a) as 1500mm×
1000mm×2000mm. And a particle radius of 13.2mm is set
to fill it with particles as shown in Figure 10(b).

(a)Coal model

Figure 10

(b)Filling effect

Coal filling model

In order to make the coal model have similar mechanical
properties, the inter-particle contact model was changed to
BPM. The bond settings include unit normal stiffness, unit
tangential stiffness, bond ultimate normal strength,
ultimate tangential strength, and bond radius. Among them,
the stiffness of the coal was related to the constitutive
parameters of the coal material, the normal stiffness Sn was
related to the elastic modulus E, and the tangential stiffness
St was related to the shear modulus G. The conversion

Table 4

The ultimate normal strength represented the ultimate
compressive strength σy of the coal, which need to be
obtained according to the empirical relationship between
coal hardness and compressive strength:

 y  10  f

(4)

Calculated from the above formula, the ultimate normal
strength σy of bond at the hardness values f4, f5, and f6
were 40MPa, 50MPa, and 60MPa respectively.The shear
strength τ and tensile strength σl were based on the
three-dimensional ultimate strength empirical relationship
(σy:τ:σl=100:(10~40): (3~10))to obtain. In order to further
determined the coal hardness and bonding parameters,
refered to the common seam geological conditions based
on the existing hardness values, and approximately
selected coal measures with reasonable values.
Table 4 shows some mechanical parameters of coal
measures in a certain mining area [21]. According to the
three-dimensional ultimate strength empirical relationship,
the corresponding tensile strength value ranges of f4, f5,
and f6 were respectively: 1.2~4MPa, 1.5~5MPa and
1.8~6MPa. Considering that there was an overlap in the
tensile strength ranges of the three hardnesses, the tensile
strength ranges corresponding to the hardness values f4, f5,
and f6 were reduced, that was, the hardness value f4
corresponds to 3~4 MPa, and the hardness value f5
corresponds to 4~5 MPa, the hardness value of f6
corresponds to 5~6MPa. If there were multiple coal
measures in the table that met the above range, selected the
group with the largest elastic modulus.

Mechanical parameters of coal measures

Shceme No.
1

(3)

Density
/(kg·m-3)
1420

Elastic Modulus
/GPa
4.2

Shear Modulus
/GPa
1.72

Poisson's Ratio
0.22

Cohesion
/MPa
2.11

Friction Angle
/°
29.5

Tensile Strength
/MPa
5.6
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3
4
5
6
7
8
9
10
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1410
1280
1460
1460
1420
1390
1370
1420
1400

2.12
1.3
3.8
2.43
2.2
2.3
3.15
2.4
1.49

0.82
0.49
1.62
0.93
0.956
0.88
1.2
0.93
0.54

The coal measures corresponding to the hardness values
f4, f5, and f6 after screening were No.6, No.4, and No.1.
After determining the coal parameters, in order to ensure
the consistency of the structure, it was assumed that the
hardness values f4, f5, and f6 corresponded to the coal
particle parameter density values. Finally, combined with
formula (3) to determine the coal material parameters and
bonding parameters at each hardness as shown in Table 5.

Table 5 Material parameters and bonding parameters under
different hardness
Hardness
Poisson's ratio
Shear modulus
/Pa
Density/
(kg·m-3)
Coefficient of
restitution
Coefficient of static
friction
Coefficient of rolling
friction
Normal stiffness per
unit area/(N·m-3)
Shear stiffness per
unit area/(N·m-3)
Critical normal stress
/Pa
Critical shear stress
/Pa
Bonded disk radius
/m

3.2.3

f4
0.15

f5
0.17

f6
0.22

9.56×108

1.62×109

1.72×109

1420

1420

1420

0.45

0.45

0.45

0.48

0.48

0.48

0.18

0.18

0.18

8.333×1010

1.439×1011

1.591×1011

3.621×1010

6.136×1010

6.515×1010

4×107

5×107

6×107

1.6×107

2×107

2.4×107

0.012

0.012

0.012

Drum movement parameters

Set the material of the multi-impact drum model to steel,
and its parameters are shown in Table 6, then added linear
motion, the motion direction was along the X axis, and the
motion speed was set to 0.167m/s based on the traction
speed of 10m/min. Added rotation movement, set the start
and end time of rotation, the rotation axis was set at the
center of mass of the drum to coincide with the center axis

0.3
0.32
0.17
0.31
0.15
0.31
0.31
0.29
0.38

0.18
1.25
2.6
0.5
1.88
0.42
0.6
0.2
1.2

20
32
27.8
24
24.2
24
27
20
20

3.2
1.15
4.3
2.35
3.77
4.3
0.4
0.28
0.64

of the drum, the speed was set to the corresponding value
according to the parameter needs, and the rotation axis
moves with the geometry option was checked.
In addition, the reciprocating impact motion of the picks
need to be considered, so an additional linear motion
should be added, and the working picks in the cutting state
was set as the impact part. According to the impact
frequency of 4Hz, 6Hz, 8Hz, set the pick perform an
impact movement every 0.25s, 0.167s, and 0.125s.
Suppose the impact pressure was 1×104N. Since there was
no setting related to impact pressure in EDEM, it need to
be converted into motion parameters with the same effect
for simulation. The conversion of specific impact
parameters can be determined by Eq. (5).


a 


t 


F
m
2l
a

(5)

where m is the pick quality, F is the pick impact pressure, a
is the acceleration, l is the maximum impact stroke of pick,
t is the acceleration time.
Since the pick used in this simulation is about 1.65kg
and the maximum impact stroke was 0.01 m, it can be
determined that the acceleration was 6060.6m·s-2 and the
acceleration time was 0.002s. Due to the short impact and
reset time, in order to ensure the accurate reset of the pick,
the impact process of the pick was simplified and the
simulation parameters were set by the combination of man
and machine for calculation. Took the pick ‘1-1’ with a
traction speed of 10m/min, coal hardness of f6, impact
frequency of 4Hz, and drum speed of 35r/min at a certain
moment as an example. The specific settings of impact
motion parameters are shown in Figure 11.
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(a)Towing speed setting

(b)Rotation speed setting

(c)Impact motion settings

Figure 11 Setting of parameters for multi impact drum

After the pick reached the maximum stroke, an impact
movement in the opposite direction was set on it to realize
the pick reset. By adopting this method to similarly set
other picks, the reciprocating movement of all impact picks
on their axes and the overall rotary cutting movement of
the drum can be realized. Set the simulation calculation
time step to 15% and the grid size to 2Rmin. Taking into
account that the drum speed was 30r/min, it took at least 2s
to make one revolution. To ensure the validity of the
simulation results, the total simulation time was 2s, and
finally the coal breaking model and cutting process of the
multi-impact drum are obtained as shown in Figureas 12
and 13 shown.

Figure 12

Coal breaking model of multi-impact drum

Figure 13

Cutting process of multi-impact drum

3.3 Analysis of the influence of multiple factors on the
working performance of drum
In order to reflect the working performance of the
multi-impact drum under different conditions, this paper
used the coal breaking rate and specific energy
consumption as the evaluation indexes. The coal breaking
rate index was calculated by the EDEM post-processing
module under each simulation scheme. The number of
remaining bonds in the coal was obtained, and the number
of cut bonds in the simulation time of the multi-impact
drum was obtained, and the ratio of this value to the total
amount of bonds in the coal model was the coal breaking
rate of the drum. The post-processing module counted the
average value of the drum torque under each simulation
scheme, and calculated the specific energy consumption of
the drum according to Eq. (6), and finally obtains the
simulation results under each scheme as shown in Table 6.

·10·
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Hw 

Table 6

tnTM
9550  3600Vm

(6)

where Hw is the Specific energy consumption, t is the
cutting time, Vm is the volume of cut coal, n is the drum
speed, TM is the drum torque average.

Simulation results of multi-impact drum

Scheme
No.

Coal
hardness

Impact frequency
/Hz

Drum speed
/(r·min-1)

Number of
cut bonds

1
2
3
4
5
6
7
8
9

f4
f4
f4
f5
f5
f5
f6
f6
f6

4
6
8
4
6
8
4
6
8

30
35
40
40
30
35
35
40
30

20222
23239
25915
29131
21073
24646
24944
27414
20050

Using the range method to analyze the data in Table 6,
the purpose was to find the optimal combination of these
factors at each level. Table 7 shows the extreme difference
statistics of each level factor condition in nine groups
under the corresponding evaluation indexes, where K11
represents the average coal breaking rate of the three
factors at the first level, and similarly, K12 and K13
represent three factors at the second level and the third
level of the average coal breaking rate. R1 is the extreme
difference value under the condition of the coal breaking
rate evaluation index, which represents the deviation of the
impact of different levels on the breaking result under a
single factor. The greater the extreme difference, the
greater the impact on the coal breaking rate. It can be seen
from Table 7 that the hardness of coal is the most
important factor among the three, and the rotation speed of
the drum takes the second place. The greater the coal
breaking rate, the better the work performance, so under
the index of coal breaking rate, the optimal scheme
combination was A2B1C3. K21, K22, and K23
respectively represent the average value of cut specific
energy consumption of the three factors at each level, and
R2 is the range of the index, indicating the deviation of the
impact of different levels of a single factor on the cut
specific energy consumption. The greater the range, The
greater the impact on cutting specific energy consumption.
It can be seen from Table 7 that the rotation speed of the
drum is the most important factor among the three, and the
hardness of coal is the second. Since the lower the specific
energy consumption of cutting, the better the work
performance. Therefore, under the index of specific energy
consumption of cutting, the optimal scheme combination is
A2B1C3.

Average drum
torque
/(N·m)
1.2948×105
8.8142×104
6.3455×104
6.7266×104
1.2271×105
7.9992×104
1.0812×105
9.2484×104
1.5482×105

Table 7

Falling coal
volume
/m3
0.1464
0.1682
0.1876
0.2109
0.1525
0.1784
0.1805
0.1984
0.1451

Specific energy
consumption
/(kWh·m-3)
1.5438
1.0669
0.7872
0.7423
1.4040
0.9130
1.2193
1.0845
1.8168

Differential data analysis

Influencing
factors
K11
K12
K13
R1
Optimal
Scheme
K21
K22
K23
R2
Optimal
Scheme

Coal
hardness
0.3121
0.3251
0.3184
0.0129

Impact frequency
/Hz
0.3240
0.3172
0.3144
0.0096

Drum speed
/(r·min-1)
0.3146
0.3160
0.3250
0.0104

A2

B1

C3

1.1326
1.0198
1.3886
0.3688

1.1685
1.1851
1.1873
0.0188

1.6032
1.0664
0.8713
0.7318

A2

B1

C3

Though the optimal scheme combinations corresponding
to the two evaluation indexes in Table 7 are the same, the
influence of each factor on the work performance is not
same. In order to obtain the final ranking of the influence
factors, a matrix analysis method was specially introduced.
Assuming that the orthogonal test is l factor m level, the
index mean value of factor Ai at the jth level was kij, if the
index was bigger for the whole system, the better, then let
Ki=kij, and established the matrix shown in Eq. (7);
Otherwise, set Ki=1/kij to establish the matrix shown in Eq.
(8).
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, and built factor layer matrix:

T1 0 0

0 T2 0
T 
  

 0 0 0

0

0


Tl 

(9)

(7)
Assumed the range of factor Ai was Si, and set
Si  Si

l

S
i 1

i

to establish a horizontal layer matrix:

 S1 
 
S
S   2
 
 
 Sl 

(10)

Finally, the evaluation index weight matrix was
established by Eqs. (7)-(10):
(8)
MTS
 1 2 
M ’TS



m 

(11)

When the index was coal cutting rate, the greater the
cutting rate, the better the drum performance. When the
index was cutting specific energy consumption, the smaller
the specific energy consumption, the better the drum
performance. Then according to Eq. (11), the weight
matrices ω1 and ω2 under two indexes can be obtained
respectively:

0
0 
 0.3121


0.3251
0
0 

0.3184
0
0   1

 
0.3240
0   0.9556
 0
1  M 1T1S1   0
0.3172
0  0

 
0.3144
0  
 0
0
 0
0
0.3146 

 0
0
0.3160


0
0.3250
 0

0
1
0.9556
0

0.1284


0.1337
  0.0129  0.1309
0  

 
0.0987
  0.0329

0.0096  
0 
 0.0966

  0.0329  
1   0.0104  0.0958


0.9556   0.0329  0.1040
0.1045


0.1075
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0
0 
0.8829


0
0 
0.9806
0.7202
0
0   1

 
0
0.8558
0   3.5409

T2 S 2   0
2  M 2’
0.8438
0  0

 
0.8422
0  
 0
0
 0
0
0.6238 

 0
0
0.9377


0
0
1.1476



In order to obtain the optimal scheme based on the two
evaluation indexes, the two weight matrices need to be
averaged to obtain the total weight matrix ω:

 0.1053  A1 

  
0.1125  A2 
0.0990  A3 

  
0.0514  B1 
  2 
 0.0503   B2 
 1

  
2
0.0499  B3 
0.1096  C 

  1
0.1388 C2 

  
0.1597 C3 

Obviously it can be seen that the order of the influence
of each factor on the two indexes was C>A>B. A2, B1, and
C3 had the largest weight in their respective influencing
factors. Therefore, the most important multi-impact drum
can be judged. The best working plan was A2B1C3, that

Table 8

0
1
3.5409
0

 0.0821


0.0912
  0.3688  0.0670
0  

 
  1.1195
  0.0041
0.0188
  0.0040
0 

  1.1195  
1   0.7318  0.0040


3.5409   1.1195  0.1152
 0.1731


0.2119

was, the coal hardness was f5, the impact frequency was
4Hz, and the drum speed was 40r·min-1.
3.4 Comparative analysis of working performance for
multi-impact drum and traditional drum
In order to verify whether the working performance of
the multi-impact drum was better than that of traditional
drum, a working model with the same coal and the same
speed under the condition of no impact was established as
a control group. Among them, the coal hardness and drum
speed were set according to the best plan in the
multi-impact drum cutting simulation, that was, the coal
hardness was f5, the drum speed was 40r·min-1. And the
other setting were the same as the foregoing. After the
simulation, the coal breaking rate and specific energy
consumption were also used as the evaluation indexes of
the work performance. The simulation results of the
traditional drum are shown in Table 8.

Performance comparison between multi-impact drum and traditional drum

Shceme No.

Coal
hardness

Impact frequency
/Hz

Drum speed
/(r·min-1)

Number of
cut bonds

1
2

f5
f5

4
/

40
40

29131
23330

Average drum
torque
/(N·m)
6.7266×104
6.8766×104

Falling coal
volume
/m3
0.2109
0.1689

Specific energy
consumption
/(kWh·m-3)
0.7423
0.9476
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As can be seen from the above table, in term of coal
breaking rate, the amount of coal dropped by the
non-impact drum was 23,330. Compared with the
non-impact drum, the amount of coal dropped by the
multi-impact drum was increased by about 24.86%. The
specific energy consumption of the non-impact drum for
cutting is 0.9476kWh·m-3. Compared with the
non-impact drum, the multi-impact drum reduced coal
drop by about 26.41%. It can be seen that the
multi-impact drum was more suitable for hard seam than
traditional drum.

4
4.1

Field Test Analysis of Working
Performance for Multi-impact Drum

high-pressure rotary joint, a cutting disc and 6 hydraulic
impact picks. The hydraulic oil successively enters the
impact cylinder cavity through the high-pressure rotary
joint, cutting disc pipe, and pick seat, then drives the pick
for impact movement by driving the piston. In addition,
the three-plunger hydraulic drive linear motor is used to
control multiple hydraulic cylinders to follow the plunger
to reciprocate. And by controlling the reciprocating
frequency of the plunger to control the movement
frequency of the hydraulic cylinders, so as to achieve the
impact motion of picks with controllable frequency. The
double-piston hydraulic drive rotating motor is used to
control the height of ranging arm and the rotation of
cutting disc.

Design of multi-point impact cutting test-bed

In order to explore the actual working performance of
the multi-impact coal breaking technology, a
multi-impact cutting test-bed is designed as shown in
Figure 14. The drum is simplified, that is, it ws designed
as a cutting disc and set up 6 picks.

2

3

6

Figure 15

Cutting mechanism

4.2
Cutting performance test of multi-impact
technology
1

4

5

1-Cutting mechanism; 2-Ranging arm; 3-Double piston hydraulic drive
rotary motor; 4-Three plunger hydraulic drive linear motor;
5-Water-cooled cooler; 6-Hydraulic control unit

Figure 14

Multi-impact drum test-bed

As shown in the figure above, the whole machine
test-bed consists of cutting mechanism, ranging arm,
three plunger hydraulic drive linear motor, double piston
hydraulic drive rotary motor, hydraulic oil tank,
water-cooled cooler, hydraulic control unit, and oil
conveying pipe. The cutting mechanism is shown in
Figure 15, consisting of a hydraulic motor, a

Taking into account the limited testing conditions, the
seam hardness of the working face was f3. The pick
impact and non-impact were combined to test, and the
cutting disc speed was set to 40r·min-1. After starting the
test device, first let the disc cut for 3 minutes without
picks impact, and then cut for 3 minutes with impact.
Considering that the test conditions were difficult to
accurately count the broken coal volume under the two
cutting methods, and the coal breaking rate and specific
energy consumption in the simulation experiment cannot
be used as indicators to evaluate the coal breaking
performance. Therefore, the cutting power in the
statistical test process is shown in Figure 16, and the
cutting resistance was obtained according to Eq. (12).
This value was used as an index to analyze the coal
breaking performance of the cutting disc in different
working modes.
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F

P
2n

(12)
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Figure 16

Cutting power variation curve

According to the above formula, the cutting resistance at
each time point is shown in Table 9. It was calculated that
the average cutting resistance under impact and non-impact
state of the picks were 4473N and 5390N. It can be seen
that multi-impact cutting can reduce the cutting resistance.
The cutting resistance was over 17.22%, which was
basically in line with the trend stated in the aforementioned
multi-impact and non-impact comparative simulation
experiment results.

Table 9

Statistics of cutting resistance

Time

Impact

14:14:00
14:14:20
14:14:40
14:15:00
14:15:20
14:15:40
14:16:00
14:16:20
14:16:40
14:16:59

No
No
No
No
No
No
No
No
No
No

5

Cutting
resistance
/N
4820
7296
5188
5107
5125
5356
5023
5506
5174
5269

Time

Impact

14:17:00
14:17:20
14:17:40
14:18:00
14:18:20
14:18:40
14:19:00
14:19:20
14:19:40
14:19:59

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Cutting
resistance
/N
3871
4944
5002
4286
4098
4409
4875
4378
4226
4641

Conclusions

(1) Designed a multi-impact drum structure, explained the
working process of the multi-impact drum, and
established a mechanical model for the cutting method.

analyze the influence of multiple factors on the
performance of the multi-impact drum. The coal
breaking rate and the cutting specific energy
consumption were used as indexes, and the best
cutting scheme was obtained by matrix analysis. The
best cutting scheme was that the coal hardness was f5,
the impact frequency was 4Hz, and the drum speed
was 40r·min-1.
(3) Under the same working condition, the working
performance of the multi-impact drum and the
traditional drum was compared. In term of coal
breaking rate, the amount of coal dropped by the
non-impact drum was 23,330, and the amount of coal
dropped by the multi-impact drum was increased by
about 24.86%. In term of specific energy consumption,
the non-impact drum cutting was 0.9476kWh·m-3, and
the multi-impact drum was about 26.41% lower than
that of the non-impact drum.
(4) A simplified test-bed for multi-impact cutting was
designed, and industrial test was carried out. The
cutting resistance was used as an index to analyze the
coal breaking performance of the pick under impact
and non-impacted. After calculation, the multi-impact
type can reduce cutting resistance by more than
17.22%, which is basically in line with the trend stated
in the simulation experiment.
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Figures

Figure 1
Structure of the multi-impact drum

Figure 2
Distribution with pipe of the multi-impact drum 1-Hydraulic impact pick; 2-Pipe of picks; 3-Pipe of drum; 4Drum; 5-Ranging arm; 6-Drive; 7-Pipe of drive

Figure 3
Impact pick drive control system 1-Motor; 2-Hydraulic pump; 3-Replenishing pump; 4-Tank; 5-Pick; 6-First
hydraulic circuit; 7-Second hydraulic circuit; 8-Frame; 9-Control device; 10-First pressure sensor; 11Second pressure sensor; 12-First solenoid valve; 13-Second solenoid valve; 14-Third solenoid valve; 15Fourth solenoid valve; 16-Fifth solenoid valve; 17-First ow sensor; 18-Second ow sensor; 19-Filter; 20Accumulator; 21-Liquid heat exchanger; 22-The rst temperature sensor; 23-The second temperature
sensor

Figure 4
Working process of the multi-impact drum

Figure 5
Setting angel of pick

Figure 6
Force on pick

Figure 7
Position of pick relative to drum

Figure 8
Orthogonal experiment method

Figure 9
Geometry model of multi-impact drum

Figure 10
Coal lling model

Figure 11
Setting of parameters for multi impact drum

Figure 12
Coal breaking model of multi-impact drum

Figure 13
Cutting process of multi-impact drum

Figure 14
Multi-impact drum test-bed 1-Cutting mechanism; 2-Ranging arm; 3-Double piston hydraulic drive rotary
motor; 4-Three plunger hydraulic drive linear motor; 5-Water-cooled cooler; 6-Hydraulic control unit

Figure 15
Cutting mechanism

Figure 16
Cutting power variation curve

