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Considering that the trajectory of the cutting head of the longitudinal axis roadheader directly affects the surface morphology of
the roadway, the formation mechanism of the outer profile of the roadway obtained by the cutting head is analyzed, and the
dynamic model of the cutting part was constructed. *e variation law of the vibration swing angle of the cutting head under
different working conditions was obtained, and the coordinate of the cutting head of the roadheader in the roadway space
coordinate system was determined by using the robot kinematics analysis method. *e mathematical model of cutting the outer
outline of the roadway by the cutting head is constructed. *rough the numerical calculation and analysis, the characteristics of
the formed outer profile of the roadway were analyzed considering the influence of the vibration of the cutting head. *e results
show that the difference between the “pit” and the “peak ridge” obtained by considering the vibration of the cutting head is larger
than that without considering the vibration of the cutting head, which shows that the outer outline of the roadway obtained by the
real cutting is more rougher than that without considering the vibration of the cutting head.With the increase of the cutting lifting
angle, the maximum and average value of the difference between the “pit” and the uplift “peak ridge” on the coal and rock shows
an increasing trend, and with the increase of the cylinder pressure, the maximum values of the horizontal swing angle “pit” and the
uplift “peak ridge” gradually increase. *e vibration of the cutting head when cutting coal and rock will have a great influence on
the outer profile of the roadway, which cannot be ignored in the research of accurate autonomous cutting control algorithm of
roadheader. *e research results of this paper can provide a basis for the optimization of cutting parameters and high-precision
forming control method of roadheader.

1. Introduction

*e longitudinal shaft roadheader is the mainstream fully
mechanized roadheader in coal mine at present, and the
movement track of its cutting head directly affects the
surface topography of the roadway.*e study shows that the
surface roughness of roadway will affect the propagation
characteristics of electromagnetic wave of wireless com-
munication in the coal mine. *e propagation loss increases
with the increase of roughness, and the greater the propa-
gation frequency of electromagnetic wave is, the more se-
rious the influence of roadway surface roughness is [1]. *e
surface roughness of the roadway has a great influence on

the main part of the confined attached turbulent jet. With
the increase of the roughness, the axial velocity of the main
section decreases faster, the thickness of the low wind speed
area increases, and the eddy current zone is easy to be
formed in the recirculation area. With the increase of
roughness inhomogeneity, the eddy current area in the
roadway increases gradually [2]. *e surface roughness of
the roadway will affect the contact stiffness between the
advance support equipment of fully mechanized excavation
and the surrounding rock, thus affecting the dynamic
characteristics of the advance support equipment during
operation [3]. *e over-underexcavation of the roadway
leads to the uneven thickness of the shotcrete structure layer
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of the initial support, which affects the mechanical prop-
erties of the supporting structure and the stability of the
surrounding rock [4].

*us, it can be seen that the roadheader should ensure
low surface roughness at the initial stage of cutting roadway.
At present, a lot of research has been done on the kinematics,
dynamics, and forming control of roadheader [5–14].
However, there is basically no research on the surface
morphology of roadway cut by roadheader. *erefore,
through the research on the characteristics of the forming
outer profile of the roadway of the partial cross-section
roadheader, this paper provides the basis for the optimi-
zation of the cutting parameters of the roadheader and the
research of the high-precision forming control method, so as
to reduce the roughness of the roadway surface. It is a basic
problem that must be solved in coal mining.

*is paper mainly studies the trajectory modeling
method of cutting head, the mathematical model of cutting
roadway outer contour, and the simulation method of
roadway outer contour. *is paper focuses on the creation
mechanism of the outer contour of the roadway obtained by
the cutting head, the dynamic modeling and solution of the
cutting part, the geometric description of the outer profile of
the cutting head, and the transformation of the motion
coordinate system of the cutting part. By using the robot
kinematics analysis method, the motion trajectory of the
cutting head of the roadheader is accurately described, the
mathematical model of the cutting head cutting the outer
contour of the roadway is constructed, and the shape in-
formation of the outer contour of the roadway is obtained.
Based on this analysis, the characteristics of the formed outer
contour of the roadway under the influence of the vibration
of the cutting head are analyzed, which has a certain guiding
significance for improving the flatness and accuracy of the
outer contour of the heading roadway.

2. Roadway Forming Mechanism under the
Cutting Action of Roadheader

*e roadheader cutting coal and rock to form the roadway
surface is a complex process, which is affected by the geo-
metric factors caused by the kinematics of the roadheader
and the cutting phenomenon caused by the cutting head and
the coal-rock coupling dynamics in the cutting process. *e
so-called geometric factors are the factors that affect the
roadway surface shape from the point of view of the
movement of the cutting head relative to the roadway coal
and rock, such as the position of the roadheader, the lifting
angle of the cutting part, the shape size of the cutting head,
and the cutting feed step.*e so-called cutting phenomenon
refers to the vibration and plastic deformation of coal and
rock in the cutting process, which will affect the shaping
morphology of the roadway surface.

In order to construct the mathematical model and
simulation model of cutting head cutting roadway outer
profile, it is necessary to study the formation mechanism of
roadway surface topography, and the roof forming process
of driving roadway is shown in Figure 1.

In Figure 1, hf is the residual height of the feed interval.
Observing the residue of the first cut feed and the first cut
feed (green filling in the picture), we can see that, after each
cut, a “pit” is formed in the coal and rock and a “peak ridge”
is raised between the adjacent “pits.” *e shape, size/height
of the “pit” and “peak ridge” are related to the cutting feed,
the cutting angle, the shape of the cutting head, the radius of
the cutting head, and the cone angle of the cutting head. *e
residual coal and rock of the adjacent cutting feed constitute
the residue of the feed interval. *e regular distribution of
residual coal and rock in three-dimensional space forms
the surface texture, and its ups and downs form a two-
dimensional microprofile.

*e right side of the figure shows the schematic diagram
of the outer outline of the roadway without considering the
cutting vibration and taking into account the cutting vi-
bration. It can be seen from the figure that there are rules to
follow in the formation of “pits” and “peak ridges” on coal
and rock after cutting and feeding many times without
considering vibration, and their height is basically the same.
Considering the different heights of “pits” and “ridges” in the
case of cutting vibration, it is necessary to analyze the vi-
bration of the cutting head. If the vibration swing angle of
the cutting head is large, the “pit” formed on the coal and
rock will be deep, and if the vibration swing angle of the next
feed cutting head is small, the “peak ridge” will be formed on
the coal and rock.

3. Vibration Analysis of Cutting Head in
Cutting Process

3.1. Cutting Load. When the cutting head of the roadheader
is working, the cutting section of the cutter is in the shape of
a crescent moon. When the cutting head is rotated, the
cutting thickness h of the cutter at different angles φi also
changes continuously, thus affecting the pick load at dif-
ferent positions. When the cutting head of the roadheader is
driving, the position of different cutters changes with the
angle of the cutters, and the number of cutters participating
in the cutting changes at different moments. At a certain
time, the i cutter (the circumferential angle φi on the cutting
head) is projected by cutting resistance Zi, traction resistance
Yi, and lateral resistance Xi, along the vertical direction a,
feed direction b, and axial c of the drum, and the compo-
nents Faj, Fbj, and Fc are obtained. *e cutting load of the
cutting head is obtained by summing all the cutters involved
in the cutting.

*rough the above analysis, it is concluded that the
cutting load of the cutting head is the sum of the forces of
all the cutters involved in the cutting. According to the
principle of force line translation, the forces of all the
cutters are equivalent to the rotary center of the big end face
of the cutting head, and the instantaneous cutting load of
the cutting head can be obtained. When the cutting head
rotates to a certain position, the force acting on the cutting
head is shown in Figure 2, and the radial resistance Faj,
cutting resistance Fbj, and axial resistance Fcj are obtained
as follows:
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Faj � 

j

i�1
− Yi cos φi cos βi + Zi sin φi( ,

Fbj � 

j

i�1
Yi sin φi cos βi + Zi cos φi( ,

Fcj � 

j

i�1
Xi � 

j

i�1
Yi sin βi.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

3.2. Construction of Vertical Dynamic Model of Cutting Part.
*e working environment of the roadheader is bad, the
working condition is complex, and the structure of the whole
model of the roadheader is also relatively complex. In order
to solve the problem, the dynamic model is simplified and
the cutting part is regarded as a rigid body rotating around a
fixed point. And, the mass of the cantilever section and the
cutting head of the cutting part are concentrated in their
respective centroids, and the lifting hydraulic cylinder is
equivalent to a hydraulic spring with damping. *en, the
dynamic model of the vertical direction of the cutting part is
shown in Figure 3.

According to the relevant knowledge of mechanical
vibration, Newton’s second law can be used to list the vi-
bration equation of the cutting part as follows:

J€θ + khxlr cos θ3 + ch _xlr cos θ3 �  M. (2)

In the formula, J is the moment of inertia of the cutting
head and the cantilever around the rotation point O, €θ is the
angular acceleration of the rotation of the cutting part
around the rotation point, and kh is the stiffness of the
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Figure 1: Schematic diagram of roof forming process of driving roadway. (a) Schematic diagram of roadheader work. (b) Cut contour
without considering cutting vibration. (c) Cut contour with considering cutting vibration.
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equivalent hydraulic spring, which can be calculated
according to

kh �
4βeA

2
p

Vt

. (3)

In the formula, βe is the effective volumetric elastic
modulus of hydraulic oil, Ap is the average acting area of the
two cavities of the hydraulic cylinder, and Vt is the average
value of the equivalent total volume of the two cavities:

Vt � ApS. (4)

In the formula, S is the stroke of the hydraulic cylinder.
ch is the viscous damping coefficient of the hydraulic oil in
the hydraulic cylinder. x is the displacement of the hy-
draulic cylinder. _x is the moving speed of the hydraulic
cylinder. θ2 is the angle between the cutting part and the
horizontal plane. θ3 is the angle between the lifting cylinder
and the cutting part. lr is the distance between the rotation
point of the cutting part and the rotation point of the lifting
cylinder. M is the sum of all external moments to the
rotation point.

Because the vibration swing angle θ of the cantilever
section is small, it can be approximately considered that sin
θ� θ; then, the displacement x of the hydraulic cylinder is

x � lr sin θ

� lrθ.
(5)

*e moving speed of the lifting hydraulic cylinder is

_x � lr
_θ. (6)

*e moment of inertia J of the cutting head and the
cantilever section to the rotation point O is

J � m1l
2

+ m2
l

2
 

2

�
4m1 + m2( l

2

4
.

(7)

In the formula, m1 and m2 are the concentrated mass of
the cutting head and the cantilever section, respectively, and
it is assumed that the center of mass of the cantilever section
is at the middle point.

According to the above analysis, we can obtain that the
vibration equation when the cantilever segment is regarded
as rotating a rigid body around a fixed point is

4m1 + m2( l
2

4
€θ + l

2
r cos θ3khθ + l

2
r cos θ3ch

_θ � bFcj + lFbj.

(8)

Based on the fourth-order and five-stage Runge–Kutta
variable step size algorithm, the ode45 function in Matlab is
used to solve the vibration of the system numerically. *e
simulation parameters are shown in Table 1.

For the external load of the cutting head, the three-
dimensional load calculation formula of the cutting head in

the aforementioned formula (1) is substituted into the dy-
namic equation of the vibration of the cutting part, and the
time is taken to analyze the dynamic response of the system.
*e results are shown in Figure 4.

*rough the analysis of the vertical vibration response of
the cutting part of the roadheader, the maximum positive
vibration swing angle of the cutting head is 4.72° and the
maximum negative vibration swing angle is − 1.23°. *e
vertical vibration swing angle of the statistical cutting part
under different cylinder pressures and different horizontal
and vertical angles in the cutting space is shown in Figure 5.

*e vertical vibration swing angle of the cutting part
under different lifting cylinder pressure and different hor-
izontal and vertical angles in the cutting space shows that
when the vertical swing angle of the cutting part is constant
and the horizontal swing angle is 0, the vertical vibration of
the cutting part is the most intense. When the horizontal
swing angle of the cutting part is constant and the vertical
swing angle is 0, the vertical vibration of the cutting part is
the smallest. *e main reason is that the vibration intensity
of the cutting part is affected by the cutting load. With the
increase of the pressure of the lifting cylinder, the greater the
stiffness of the swing vibration system of the cutting part is,
the lower the vertical vibration swing angle of the cutting
part is.

4. Kinematic Model of Cutting Head

*e coordinate system of roadheader is defined asO0X0Y0Z0,
the spatial coordinate system of roadway is OXYZ and the
coordinate system of each mechanism of roadheader is
OiXiYiZi, where i� 1 represents the turntable coordinate
system, i� 2represents the cutting part coordinate system,
i� 3 represents the telescopic part coordinate system of the
cutting part, and i� 4 represents the cutting head coordinate
system. *e relationship between the various coordinate
systems is shown in Figure 6.

After the establishment of the above coordinate systems,
the motion and attitude relationship of the roadheader
cutting head relative to the roadway space can be deter-
mined, and the kinematics loop of the roadheader is
established systematically.

*e kinematics system of the roadheader belongs to the
open-chain system, and the movement of the cutting head

Table 1: Simulation parameters.

Parameters Numerical value
m1 2500 kg
m2 4500 kg
l 4.2m
J 63945 kg·m2

b 0.2m
βe 1500MPa
Ap 0.025446m2

Vt 0.0076m3

lr 0.57m
ch 100 Pa·s
kh 511.18MPa/m
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cutting roadway is controlled by the rotation of the turntable
(horizontal rotation angle θ1), the rise and fall of the cutting

part (vertical lifting angle θ2), the movement of the tele-
scopic part (d), and the movement of the roadheader fu-
selage relative to the roadway (cutting feed d0). *e
movements of each mechanism belong to series. *e ki-
nematics analysis of the cutting head of the roadheader is
carried out by using the Dmurh method in robotics [15, 16].
According to the Dmurh method, the displacement of the
moving joint and the rotation angle of the rotating joint can
be transformed into the coordinates of the cutting head to
describe the position and attitude of the cutting head relative
to the roadheader and roadway. *e homogeneous trans-
formation matrix for describing the cutting head in the
roadway coordinate system is

4Τ � 0Τ
0
1Τ

1
2Τ

2
3Τ

3
4Τ

�

cos θ1 − sin θ1 cos θ2 sin θ1 sin θ2 − a3 + a4 + d( sin θ1 cos θ2 − a2 sin θ1
sin θ1 cos θ1 cos θ2 − cos θ1 sin θ2 a3 + a4 + d( cos θ1 cos θ2 + a2 cos θ1 + a1 + a0 + d0
0 sin θ2 cos θ2 a3 + a4 + d( sin θ2 + b2 + b1 + b3
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

(9)
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Figure 5: Vertical vibration swing angle of cutting part. (a) Forward swing angle. (b) Negative swing angle.
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where 0T�

1 0 0 0
0 1 0a0 + d0
0 0 1 b1
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, 0

1T�

cos θ1 − sin θ1 0 0
sin θ1 cos θ1 0a1
0 0 1 b2
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, 1

2T�

1 0 0 0
0 cos θ2 − sin θ2 a2
0 sin θ2 cos θ2 b3
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, 2
3T�

1 0 0 0
0 1 0a3 + d

0 0 1 0
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, 3
4T�

1 0 0 0
0 1 0a4
0 0 1 0
0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, θ1

is horizontal rotation angle, θ2 is vertical lifting angle, and d0
is cutting feed.

If the coordinate vector set at the center of the cutting
head in the cutting head coordinate system is 4p �

0 0 0 1 
T, it can be transformed into the coordinate

system of the roadway by the following formula:

p � 4T ·
4p � x y z 1 

T
, (10)

where x � − (a3 + a4 + d)sin θ1 cos θ2 − a2 sin θ1, y � (a3 +

a4 + d)cos θ1 cos θ2 − a2 cos θ1 + a1 + a0 + d0 and z � (a3
+ a4 + d)sin θ2 + b2 + b1 + b3.

5. Cutting Surface Contour Model

In the process of roadway surface topography research, the
establishment of accurate roadway model and cutting head
motion model is the basis of simulation, and how to find out
the intersection of cutting head motion model and roadway
model is the key of the whole simulation work. In this
section, we will construct the cutting surface contour model
obtained by the intersection of the cutting head motion
model and the roadway model.

*is paper takes the common “ball crown+ cone” cut-
ting head of roadheader as the research object. Select the key
nodes O4, Oj, C1, C2, and C3 above the cutting head, and the
key node coordinates on the profile are defined as shown in
Figure 7.

From the geometry of the “ball crown+ cone” cutting
head, it is known that the coordinate vectors of O4, Oj, C1,
and C2 in the coordinate system of the cutting head are as
follows:

4pO4
� 0 0 0 1 ,

4pOj
� 0 − r1 0 1 ,

4pC1
� 0 − r1(1 − cos α) r1 sin α 1 ,

4pC2
� 0 − r1 − m1

r1 sin α + m1 + r1 cos α(  

tan β
1 .

(11)

From the kinematic model of the cutting head, we can
know that the coordinate transformations of C1, and C2
relative to the roadway coordinate system are as follows:

XC1
� − r1(1 − cos α)u2 + u3r1 sin α + u4,

YC1
� − r1(1 − cos α)v2 + v3r1 sin α + v4,

ZC1
� r1(1 − cos α)w2 + w3r1 sin α + w4,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

XC2
� − r1 + m1( u2 +

r1 sin α + m1 + r1 cos α(  

tan β
u3 + u4,

YC2
� − r1 + m1( v2 +

r1 sin α + m1 + r1 cos α(  

tan β
,

ZC2
� − r1 + m1( w2 +

r1 sin α + m1 + r1 cos α(  

tan β
w3 + w4,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(12)

where u1 � cosθ1, u2 � − sinθ1cosθ2, u3 � − sinθ1sinθ2,
u4 � − (a3 + a4 + d) sinθ1cosθ2 − a2sinθ1, v1 � sinθ1,
v2 � cosθ1·cosθ2, v3 � − cosθ1sinθ2, v4 � (a3 + a4 + d)
cosθ1cosθ2 + a2·cosθ1 + a1 + a0 + d0, w1 � 0, w2 � sinθ2,
w3 � cosθ2, and w4 � (a3 + a4 + d) sinθ2 + b2 + b1 + b3.

*e coordinates of point O4 are as follows:

XO4
� u4,

YO4
� v4,

ZO4
� w4,

(13)

XOj
� − r1u2 − XO4

,

YOj
� − r1v2 − YO4

,

ZOj
� − r1w2 − ZO4

.

(14)

Because the cutting head is a rotary body, it is considered
that the outer profile of coal and rock formed by the cutting
head is determined by the arc O4C1, line C1C2, and line C2C3
on the section of the cutting head, as shown in Figure 8.

*e outer contour equation of the “ball crown+ cone”
cutting head is as follows:

O4C1: Z � ZOj + r1 sin arccos
Y − YOj

r1
 ,

YOj + r1 cos θ2 ≤Y≤YOj + r1 cos θ2 + α( ,

C1C2: Z �
ZC2 − ZC1

YC2 − YC1
Y − YC2(  + ZC1,

YC1 ≤Y≤YC2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)
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Usually, the feed rate of one cutting head of the road-
header is about 550mm, and the outer contours of the
cutting head obtained by two cutting feeds will intersect at
the intersection point D1 of the arc O4C1 and the line
segment C1C2 on the cutting head of the previous cutting
feed.

*en, the outer outline formed by the cutting head
cutting coal and rock is a combination of line segments or
arcs: · · · D1′C1′D1″C1″D

″′
1C
″′
1 · · ·. *en, the outer profile of coal

and rock formed by the formula can be described as
⋮

C1′D1′: Z � ZO′j
+ r1 sin arccos

Y − YO′j

r1

⎛⎝ ⎞⎠, YC1′
≤Y≤YD1′

,

D1′C1″: Z �
ZC1
″ − ZD1′

YC1
″ − YD1′

Y − YC1
″  + ZD1′

, YD1′
≤Y≤YC1

″,

C1″D1″: Z � ZO″j
+ r1 sin arccos

Y − YO″j

r1

⎛⎝ ⎞⎠, YC1
″ ≤Y≤YD1

″,

D1″C
″′
1: Z �

Z
C″
′
1

− ZD1
″

Y
C″
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(16)

6. Simulation Analysis of the Characteristics of
the Outer Profile of Roadway Forming

In this paper, taking the EBZ200 roadheader commonly used
in coal mine as the research object, the simulation program
of the outer profile of coal and rock is built in the MATLAB
numerical calculation software, and the parameters in the

simulation program are set by the structure size of EBZ200
roadheader as follows: a0 � 0mm, a1 � 3000mm,
a2 � 700mm, a3 � 2470mm, a4 �1775mm, b1 � 1000mm,
b2 � 519m, b3 � 87mm, d� 0mm, r1 � 416mm, α� 90°,
β� 83.5, and m1 � 640mm. *e cutting feed rate d0 is set to
550mm and the cutting lifting angle is 42°. *e simulation
results show that the characteristics of the formed outer
profile of the roadway considering the vibration of the
cutting head and without considering the vibration of the
cutting head are shown in Figure 9.

After each cut, a “pit” is formed in the coal and rock, and
the “peak ridge” is raised between the adjacent “pits.” *e
simulation results are consistent with the expected results
shown in Figure 9. Considering the vibration of the cutting
head, the difference between “pit” and “peak ridge” is larger.
Without considering the vibration of the cutting head, the
difference between the “pit” and the “peak ridge” is
105.6mm, while in the case of considering the vibration of
the cutting head, the difference between the “pit” and the
“peak ridge” is 435.1mm. It shows that the outer outline of
the roadway obtained by real cutting is more rougher than
that without considering the vibration of the cutting head,
and it is not conducive to the accurate cutting and shaping of
the roadway.

In order to quantify the characteristics of the formed
outer profile of the roadway, the maximum difference be-
tween the “pit” and the uplift “peak ridge” formed on the
coal and rock after cutting and the average value of the “pit”
and the uplift “peak ridge” are selected as the evaluation
parameters of the roadway surface topography:

Rmax � Zmax − Zmin,

Ravg �


n
i�0 Zi

n
,

(17)

where Zmin is the maximum value of “pit,” Zmax is the
maximum value of “peak ridge,” Zi is the value of roadway
profile of each sampling point, and n is the number of
sampling points.

*e cutting height is set to [3600mm, 3900mm,
4200mm, 4500mm] to study the characteristics of the
formed outer profile of the roadway under the condition of
different roadway height and different stiffness of lifting
cylinder, as shown in Figure 10.

According to formulas (13) and (14), it is calculated that
when the horizontal swing angle is in the range of − 45° to 45°
and the vertical swing angle is in the range of 25° to 45°, the
evaluation indexes of the forming outer profile character-
istics of the roadway under the pressure of 18MPa, 20MPa,
and 25MPa, respectively, are shown in Figure 11.

*e numerical simulation shows that when the cylinder
pressure is 18MPa, 20MPa, and 25MPa, respectively, the
trend of the evaluation index of the forming outer profile of
the roadway is basically the same with the increase of the
cutting angle. *e maximum difference between “pit” and
uplift “peak ridge” on coal and rock and the average value of
“pit” and uplift “peak ridge” all show an increasing trend
and with the increase of cylinder pressure. *e maximum
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Figure 7: Type and coordinate definition of cutting head.
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Figure 8: Cutting head cutting roadway forming profile.
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Rmax of the horizontal swing angle “pit” and the uplift
“peak ridge” gradually increases, mainly due to the increase
of the pressure of the lifting cylinder, which is equivalent to
the increase of the cutting load, the vibration of the cutting
part becomes intense, and the positive and negative swing
angle of the cutting head increases, resulting in the increase
of the maximum Rmax.When the horizontal swing angle of
the cutting part is from − 45° to 45°, the maximum Rmax
increases at first and then decreases, which is mainly due to
the change of cutting load. *e average value of horizontal
swing angle “pit” and uplift “peak ridge” is almost not
affected by the change of cylinder pressure, indicating that
the change of cutting load mainly affects the maximum
value of “pit” and uplift “peak ridge” Rmax and has little
effect on the average value of the formed outer profile of the
roadway.

7. Experimental Study

*e experimental study on the surface profile characteristics
of roadway cut by roadheader is carried out by using the self-
built test-bed, and the experimental results are compared
with the theoretical calculation results. *e test-bed is
mainly composed of roadheader model prototype, simulated
coal wall, and roadway surface profile measurement plat-
form. *e prototype of the roadheader model is shown in
Figure 12.

*e platform of the roadheader is a self-made model
prototype of the roadheader, and all the physical parameters
are obtained by similar proportion conversion according to
the parameters of the EBZ200 roadheader.

*e roadway surface profile measuring platform is
shown in Figure 13.
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Figure 11: Continued.
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*e simulated coal wall after cutting is scanned by using
the biaxial linear sliding table of the test platform and its
high precision laser displacement sensor. *e uniaxial
moving range of the two-axis linear slide table is 1000mm,
the position accuracy of the linear screw slide table is
0.05mm, the repeated positioning accuracy is 0.02mm, and
the moving speed is 100mm/s. *e detection distance of the
high precision laser displacement sensor is 2000mm, the
detection accuracy is ±0.5mm, and the resolution is 1mm.
*e controller and data acquisition use Siemens S7-200
smart PLC.

*e surface profile of the simulated coal wall cut by the
roadheader is shown in Figure 14.

*e experimental process is shown in Figure 15.
*e comparison between the three-dimensional profile

of the roadway surface measured by the experiment and the
theoretical research results is shown in Figure 16.

*e experimental results show that the errors of theo-
retical calculation and experimental test are mainly within
±2mm. Generally speaking, the feasibility of the theoretical
research method and the correctness of the results can be
verified by experiments. In the follow-up research, the au-
thor will focus on how to optimize the geometric parameters
of the cutting head and the motion parameters of the
roadheader to obtain a lower roadway surface roughness and
to achieve accurate autonomous cutting of the roadheader.
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Figure 11: Evaluation indexes of outline features of roadway forming under different working conditions. (a) *ree-dimensional diagram.
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8. Conclusion

*is paper mainly studies the trajectory modeling method of
cutting head, the mathematical model of cutting roadway
outer contour, and the simulation method of roadway outer
contour. *is paper focuses on the characteristics of the
formed outer profile of the roadway under the influence of
the vibration of the cutting head. *e main results are as
follows:

(1) By establishing and solving the dynamic model of the
cutting part, when the vertical swing angle of the
cutting part is constant and the horizontal swing
angle is 0, the vertical vibration of the cutting part is

the most intense.When the horizontal swing angle of
the cutting part is constant and the vertical swing
angle is 0, the vertical vibration of the cutting part is
the smallest.

(2) Considering the vibration of the cutting head, the
difference between the “pit” and the “peak ridge”
obtained without considering the vibration is larger,
indicating that the outer outline of the roadway
obtained by the real cutting is more rougher than
that without considering the vibration of the cutting
head, which is not conducive to the accurate cutting
of the roadway.

(3) *e numerical simulation shows that the maximum
and average value of the difference between “pit” and
uplift “peak ridge” on coal and rock increases with
the increase of cutting angle, and the maximum
Rmax of horizontal swing angle “pit” and uplift
“peak ridge” increases gradually with the increase of
cylinder pressure.

(4) At present, there is basically no research on the
surface morphology of roadway cut by roadheader in
the existing research. In this paper, the character-
istics of roadway forming outer contour of roadway
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cutting by roadheader were studied, and the influ-
ence of cutting vibration on roadway forming outer
profile was studied.

(5) *rough the research of this paper, the influence law
of cutting vibration on the characteristics of forming
outer profile was mastered. It can provide a basis for
realizing accurate cutting, and through certain
control methods, the surface roughness of heading
roadway can be reduced. From [3], it can be known
that the roadway surface roughness will affect the
contact stiffness between the advance support
equipment and the surrounding rock, thus affecting
the dynamic characteristics of the advance support
equipment during operation. *erefore, the research
work of this paper has a certain positive significance
for realizing the low disturbance operation of driving
roadway.
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