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ABSTRACT: In order to research the vibration characteristics of the bearing plate on roadheader test bed to
bear the roadheaders with different parameters, this paper establishes a multi-body dynamic model for the bear-
ing plate to bear the roadheaders by using the theory of multi-body dynamics, and analyzes and determines a
mathematical model of loads between the track and the bearing plate. By modal analysis of multi-body dynamic
model of the roadheader, this paper extracts the modal shape of the system, and draws a frequency response dia-
gram for system vibration, and obtains a larger vibration frequency range. To further explore the vibration char-
acteristics, this paper researches the damping of different hydraulic systems, different mass, stiffness parameters
and the impact of the roadheader on the vibration of the bearing plate on the test bed by using the computer nu-
merical simulation, and obtains the longitudinal vibration characteristics of three test points in the geometric
center, namely, cutting head, cantilever and engine body. The research results show that the mass of the road-
header on the test bed is increased by 6%, and the longitudinal amplitudes of the cutting head and cantilever are
respectively reduced by 37% and 19%; the damping of the hydraulic system of the roadheader is increased by
19%, and the longitudinal amplitudes of the cutting head, cantilever and engine body are respectively reduced by
33%, 23% and 16%; the stiffness of the engine body doubles, and the longitudinal amplitudes of the cutting head
and cantilever are respectively reduced by 35.8% and 27%. The results are consistent with the underground in-
dustrial test so as to provide a regularity basis for load analysis of the test bed bearing the roadheaders with dif-
ferent parameters.
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1 INTRODUCTION

The roadheader vibration in operation is obvious due
to poor working environment of the roadheader and
the complex and varied loads, which directly affects
the operational reliability of the mechanical parts,
hydraulic components and electrical components as
well as the operational stability of the complete ma-
chine, and reduces its work efficiency and service life
of the roadheader. The research purpose of the heavy
coal mine roadheader test bed is to improve the design
of the roadheader and simulate real well mining envi-
ronment to establish a testing system ['!. The whole
experiment system of the heavy coal mine roadheader
test bed is ultimately demonstrated as follows: The
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bearing plate which is directly connected with the
track of the roadheader bears the roadheader and im-
plements the headwork.

The longitudinal incentive between the track and
the bearing plate is generated due to the impact of the
load of the cutting head; what’s more, its interaction
with the load of the bearing plate causes the longitu-
dinal vibration of the roadheader to be fiercer. There-
fore, based on the actual working conditions of the
vertical axis roadheader, this paper will adopts the
theory of multi-body dynamics to research the longi-
tudinal vibration characteristics of the roadheader
through the computer modeling and simulation, so as
to provide basis for improvement of design and de-
velopment of the heavy coal mine roadheader test bed.
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2 WAY OF TEST BED BEARING ROADHEAD-
ER

The heavy coal mine roadheader test bed bears the
roadheader to carry out the simulation experiment of
working conditions. Taking the vertical axis road-
header as an example, the roadheader on the bearing
plate of the test bed cuts fake rock wall on the front
end of the test bed. Its application mode is shown in
Figure 1:

Bearing plate of the test bed

Figure 1. Cutting experiment system of the test bed road-
header

The bearing plate of the test bed is directly con-
nected with the roadheader in the actual work. The
vibration of the cutting head of the roadheader cutting
rock wall, the vibration of the roadheader and other
loads are eventually passed to the bearing plate of the
test bed through the track of roadheader. However, the
cutting work load and working conditions are uncer-
tain, so it is impossible to carry out modeling calcula-
tion through a completely ideal statics model, and it is
impossible to directly implement the analysis of me-
chanical characteristics of the bearing plate of the test
bed. Therefore, there is a need to place on the bearing
plate and cut the rock wall through research of the
roadheader with different mass, damping, stiffness and
other parameters, and vibration of key parts of the
roadheader.

3 DYNAMIC MODEL OF CONNECTION BE-
TWEEN TRACK AND BEARING PLATE

The roadheader is a construction-work-type
track-laying vehicle at a low speed. The connection
mode of the rigid track link only allows forming a
convex surface related to the bearing plate rather
than the concave surface; in addition, there is a cer-
tain plastic deformation between the track and the
bearing plate . Therefore, the dynamic model be-
tween the track and the bearing plate in the operation
of the roadheader can be considered as a linear vi-
bration system. This system is an unidirectional lin-
ear vibration system, of which the track mass is m,
the stiffness coefficient between the track and the
bearing plate is &, and the constant of damping coef-
ficient between the track and the bearing plate is ¢

(see Figure 2). Its kinetic equation is:

mz+cz+kz=cq+kq=f(t) M
Where: g—base longitudinal displacement; f

(fy—longitudinal excitation force; z—displacement; z

—speed; z —acceleration.

In the event of cutting by the roadheader, the track
bears the tractive resistance of the bearing plate (),
lateral resistance (F), shear stress (z), supportiveness
of the bearing plate (V) and frictional force (f; and f,),
which is shown in Figure 3.

Figure 2. Linear vibration model of the track and the bearing
plate
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Figure 3. Load analysis of the track and the bearing plate

4 RIGID MULTI-BODY DYNAMIC MODEL OF
ROADHEADER ON THE BEARING PLATE

4.1 Definition of load

Based on the analysis of the cutting head load and the
load between the track and the bearing plate, and in
ADAMS environment, we define the damping be-
tween the track and the bearing plate, the contact force
and frictional force between components. They are
shown in Figure 4, and their parameters are shown in
Table 1. Because each component is in rigid connec-
tion, the contact force applied to each connection point,
frictional force and damping parameters between
components are shown in Table 2. By the use of IF
function, the three-dimensional force is individually
applied to each cutting pick according to the position
angle of cutting pick ), and its function expression is
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Contact force of track baseplate

Frictional force Support wheel Damping

Figure 4. Contact load model of the track and the bearing plate

Table 1. Load parameters between the track and the bearing plate

Contact force
tween components

Track plate

Baseplate

Parameters Resistance coefficient between the track Damping coefficient between the track Friction coeffi-
and the bearing plate dyax and the bearing plate ¢y cient fmax

Numerical 0.678 0.8411 0.973

value

Table 2. Rigid body collision parameters

Parameters ~ Penetration depth ~ Force linear Stiffness Damping coeffi- Static fric- Dynamic Regression
of the maximum exponential coefficient cient between tion coeffi- friction coefficient
damping between /(N/mm) rigid bodies cient f coefficient
rigid bodies/mm /(N-sec/mm) f

Numerical 0.1 1.5 100000 50 0.1 0.1 0.00778

value

1F(sin(®,),0,0,F).Where: ®~=wt+p, ®—instantaneous
position angle of cutting pick; F—cutting pick load,;
w—cutting head speed; f—initial angle of cutting
pick.

4.2 Establishment of three-dimensional model

Figure 5. Rigid multi-body dynamic model of vertical axis
roadheader

The three-dimensional model of roadheader estab-
lished by the use of Pro/e is seamlessly connected with
ADAMS through MechPro to define the rigid body
and add constraint in Pro/e and map it to ADAMS to
define the material attribution, mass, load and contact

force, frictional force and damping parameters be-
tween components. The geometric center of the cut-
ting head, cantilever and engine body is a connection
point of the rigid members, so these three geometric
coordinate centers (points D, E and F) are defined as
the measuring points of the vibration simulation. The
cutting head and fake rock wall are involved in the
cut-in simulation experiment. The completed rigid
multi-body dynamic model of the complete machine is
shown in Figure 5.

5 SIMULATION ANALYSIS

The research object is a certain type of vertical axis
roadheader, and its relevant parameters are as follows:
The specification of the cutting head is
@980x1,000mm; stiffness k;=8x105N/m; mass
m»=1,050kg; number of revolutions w=23r/min; num-
ber of cutting pick n=48; stiffness of the cantilever k,=
6.72x10°N/m; mass m3=2,420kg; stiffness of the en-
gine body k3= 3.86x10°N/m; mass m,=56,535kg. The
damping coefficients of the hydraulic system of the
feed cylinder, lift cylinder and angling cylinder are
respectively as  follows: ¢,=5.83x10* Nes/m;
¢,7=3.75%104 Nes/m; ¢5=3.36x104 Nes/m.
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Order Natural frequency Damping ratio Working frequency
1 0 0.00000E+000 0.00000E+000
2 0 0.00000E+000 0.00000E+000
3 0 0.00000E+000 0.00000E+000
4 1.307803E+000 1.00000E+000 0.00000E+000
5 1.577163E+001 1.00000E+000 0.00000E+000
6 2.718770E+000 7.444259E-001 +/-2.718000E+000
7 2.118770E+002 2.203758E-001 +/-2.118000E+001

5.1 Modal analysis

Adams/virbution experimental modal analysis can be
used to analyze the vibration characteristics of the
cutting head, cantilever and engine body. The modal
data of extracting order 7 are shown in Table 3; the
two-dimensional frequency response of longitudinal
displacement is shown in Figure 6:

Frequency Response
_28:8 ...... cutting head
g -—-— cantilevel
50, 0 Ezmsameraas = —— engine body

Magnitude amplitude

-80.0 ¥

-100.0 !

-120.0

=0y 1.0 10.0 1000  1000.0
Analysis: Frequency (Hz)

Figure 6. Frequency response of longitudinal acceleration

As can be seen from Figure 6, the inherent fre-
quency of the modal in the former three orders is zero
without resonance phenomenon; vibration of the com-
plete machine is not obvious. The peak value of the
longitudinal frequency response of the cutting head,
cantilever and engine body is respectively at about
1.3Hz, 1.6Hz and 2Hz, which is close to the inherent
frequency in the fourth order, so that the vibration
increases. Three test points have a peak value at a
frequency of 2.8Hz, which is close to the modal in the
sixth order, with its inherent frequency of 2.71770Hz
and damping ratio of 7.444259E-001. It is the vibra-
tion inherent frequency of the whole machine (name-
ly, engine body, cantilever and cutting head) system
under the combined action of the cutting head load
and the bearing plate load, and its main mode of vi-
bration is as follows: If the vibration amplitude of
engine body is large, the longitudinal vibration ampli-
tude of the complete machine is also large. As can be
seen from the frequency response diagram, the vibra-
tion peak values are mainly concentrated in the range
of 1.0-3.0Hz; the curves at other frequency bands are

relatively flat without large vibration. Therefore, the
vibration can be reduced by changing the mass, stiff-
ness of the system, damping and other parameters of
the hydraulic system .

5.2 Longitudinal vibration analysis

When the cutting head cuts fake rock wall, , the simu-
lation analysis can be carried out for longitudinal
(Y-axis direction) vibration of three test points under
different mass, stiffness and damping of the hydraulic
system in the E)rocess of transverse cutting by the
roadheader [ 8, according to the rigid multi-body
dynamic model of the roadheader P ®. And according
to the simulation of initial parameters, the vibration
curves of the cutting head, cantilever and engine body
can be obtained as shown in Figure 7. The amplitudes
of test points D, E and F are respectively 28mm,
11mm and 6mm.
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Figure 7. Simulation results of initial conditions
Roadheader_model
10.07 E F
e 3 ANVENEVAN =\ A
_§. -5.04 Ny \,v\; \3\/\
o100
-15.07
_20'%.0 1.0 20 20 40 50 BO
Analysis: Time (sac)

Figure 8. Simulation results of damping changes

5.2.1 Impact of damping in the hydraulic system
When the cutting head cuts the fake rock wall, the
damping of the hydraulic system of the feed cylinder,
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lift cylinder and angling cylinder is increased by 19%,
and the vibration curves of the cutting head, cantilever
and engine body are shown in Figure 8. Compared
with Figure 7, the vibration amplitudes of the cutting
head, cantilever and engine body are respectively
reduced by 33%, 23% and 16%. Thus the change of
damping of the hydraulic system has a great impact on
the vibration of the cutting had but a small impact on
the vibration of the engine body.

5.2.2 Impact of mass in each component

When the cutting head cuts the fake rock wall, the
mass of the cutting head, cantilever and engine body
are respectively increased by 19%, 19% and 6%, and
the simulation results of vibration of each component
are respectively shown in Figure 9 (a), Figure 9 (b)
and Figure 9(c). Compared with Figure 7, the ampli-
tudes of points D, E and F under three conditions are
respectively reduced by 27%, 31% and 48%. As can
be seen from the Figure 9 (a) and Figure 9 (b), the
increase of the mass of the cutting head and cantilever
can effectively reduce the vibration of the cutting head,
but the mass of the engine body is increased by 6%,
and the amplitudes of the cutting head and cantilever
are respectively reduced by 37% and 19%, and the
vibration amplitude of the engine body is also reduced
significantly (see Figure 9 (c)).
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Figure 9. Simulation results of mass changes

5.2.3 Impact of stiffness in each component
Figure 10 (a), Figure 10 (b) and Figure 10 (c) are re-

spectively the simulation results that the stiffness val-
ue of the cutting head, cantilever and engine body
respectively doubles the original value. Thus stiffness
changes have great impacts on the vibration of road-
header. With respect to Figure 7, the increase of the
stiffness of the cutting head and cantilever (see Figure
10 (a) and Figure 10 (b)) makes the vibration of the
cutting head be respectively reduced by 36% and
36.7%; the increase of the stiffness of engine body has
a greatest impact on the vibration of the roadheader,
which makes the amplitudes of points D, E and F be
respectively reduced by 35.8%, 27% and 40% (see
Figure 10 (c)).
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Figure 10. Simulation results of stiffness changes

6 CONCLUSION

(1) When we extract the test roadheader, place it on
the bearing plate of the test bed, and cut the fake rock
wall, we study the modal vibration characteristics of
the cutting head, cantilever and engine body and then
find that the frequency range of larger vibration is
concentrated in 1-3Hz. This conclusion lays a founda-
tion for further analysis of the incentives of the road-
header to the bearing plate of test bed.

(2) The greater the damping of the hydraulic system
of the roadheader on the bearing plate is, the smaller
the vibration to some extent is that is, the smaller the
vibration incentive of the bearing plate is.

(3) The greater the impact of the mass and stiffness
of the cutting head on the vibration of the roadheader
is, the greater the coupling stiffness between the cut-
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ting head and the cantilever of the roadheader is, and
the smaller the vibration load of the bearing plate is.

(4) The greater the impact of the mass of the engine  [4]
body on its vibration is, the greater the mass of the test
roadheader is, and the smaller the vibration incentive
of the bearing plate is. [5]
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