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ABSTRACT 
 

Using the Matlab/Simulink software package a mathematical model of the electromechanical system of a 
shearer with an built-in moving system has developed. It takes into account all the main factors that 
determine its operating modes: electro-magnetic transients in drive motors for cutting and moving; dynamic 
forces in transmissions; the distribution of the cutting force between the cutting drive and drive for moving, 
the nature of the change in the moment of resistance forces during operation by changing the strength of the 
coal. The shearer control system contains a load regulator with a PI-controller. However, it was found that, 
despite the simplicity of the configuration and physical implementation, as well as the relatively high 
reliability, this class of control devices may not provide optimal operation of the control system in all 
modes due to the non-linearity of the control object and the random nature of the coal force changes as the 
shearer moves in the coal face. To overcome these shortcomings, the possibility of a neural-network 
implementation of correction of the PI-controller coefficients is considered. The possibility of the 
correction of the PI-controller coefficients controlling the speed of the shearer movement, with a random 
nature of the coal strength changing, is proposed and experimentally proved. It is shown that the use of the 
PI-controller with the corrector in the form of the neural network in the control system will increase 
performance of the load regulator by an average of 1.5–3 times in comparison with the classical regulator. 
All this will allow to avoid critical overloads, and hence the possible breakdown of the mechanical parts in 
the transmission of the shearer in case of a sudden collision of the executive body of the shearer with a solid 
inclusion. 
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1. INTRODUCTION 

In the modern coal industry, much 
attention is paid to such aspects of the industry as 
energy saving and production safety. In this regard, 
in solving modern automation problems, preference 
is given to advanced, technological and highly 
intelligent systems. These systems are capable of 
not only maintaining the technological process in a 
normal state, but also responding to extreme 
situations, thereby preventing accidents and 
deviations of adjustable parameters from the norm, 
which will ensure a more complete use of the 
energy capabilities of the electric drive, reduce the 
likelihood of “tipping” of electric motors, and 
increase the durability by reducing overloads of the 

electric motor and the mechanical part, and 
therefore reduce their accident rate.  

The main method of coal mining remains 
the use of mechanized complexes with narrow-
range combines[1]. The structure of the shearer 
consists of two main components: an electric drive 
for cutting and an electric drive for moving. The 
electric drive for cutting carries out the destruction 
of the coal massif, and the drive for moving has a 
traction body, which promotes the executive body 
of the combine in the coal mass. The coal seam is a 
heterogeneous massif with the presence of solid 
inclusions of the rock, which, when cut through, 
lead to the appearance of strong shock loads on the 
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executive body. Thus, the cutting drive accepts high 
dynamic loads[2].  

The control system of the shearers operates 
under conditions of parametric disturbances, which 
are caused by a change in the coal strength, which 
has random nature, wear and dullness of the cutters 
of the executive body. The action of disturbances 
causes a change in the transmission coefficients of 
the control object, which leads to a deterioration in 
the quality of transients in the system and can lead 
to a loss of stability of the control system.  

Therefore, the task of developing 
automatic control systems for such an important 
technological object as a shearer is really relevant. 

2. LITERATURE ANALYSIS 

Issues in the field of automation of shearer 
operating modes are devoted to the work of 
domestic and foreign scientists. So, in[3], shearer 
was studied with a remote displacement system 
based on a slip clutch; in[4], the dynamics and 
optimization of the parameters of power systems of 
shearers under random loads were investigated; in 
[5–6], an attempt was made to predict the load, 
acting on the drive of the combine. In [7–8], 
devices were used to automate the management of 
coal combines. In [9–10] the solutions to the 
control problems of complex technical objects 
based on the development of mathematical models, 
which further determine the control algorithm. The 
result of the study[11] was the proposal to use 
intelligent controllers in the control system of 
shearers based on fuzzy logic and neural networks. 
Attempts to control using intelligent controllers 
were considered in[12] using fuzzy logic, and using 
the standard Matlab neural network controller were 
considered in[13]. However, in all these works, the 
shearer was considered simplistically by one or few 
dynamic links, the coefficients of which are 
constant. In fact, it is a complex object with a large 
number of nonlinearities. 

 
3. MAIN CONTENT 

The mathematical model of the shearer 
with its control system is a multi-stage system. The 
drive for moving consists of a frequency converter 
(FC), an induction motor for moving (IM.m) with 
parameters (JIM.m, ωIM.m), a transmission for moving 
(Jtr.m, ωtr.m, ctr.m, btr.m) and remote or built-in moving 
mechanisms (msh, Vm, cst, bst). The cutting drive 
contains an induction motor for cutting (IM.c) with 
parameters (JIM.c, ωIM.c), a transmission for cutting 

(Jtr.c, ωtr.c, ctr.c, btr.c) and an executive body in the 
form of a screw or drum (JEB, ωEB, cEB, bEB). With 
the change in the hardness of coal, the resistance 
force of the coal seam also changes, and therefore 
the load on the cutting drive and this change is 
random. The current value of the current of the 
cutting motor characterizes the magnitude of this 
load. In order to make full use of the power of the 
cutting motor and increase its operation period and 
efficiency, the cutting motor must work with a 
nominal current (power), the value of which must 
be controlled.  

But since the cutting drive is unregulated; 
the cutting current cannot be controled. At the same 
time, it is possible to regulate the moving speed of 
the shearer (moving the traction body), thereby 
providing fluctuations in the cutting current around 
the nominal value. Thus, in the control system of 
the shearer, the object of control is the shearer in 
combination with the technological process, the 
control action is the speed of the shearer, and the 
main disturbing action is the change in the strength 
of coal. The adjustable signal is the cutting current 
of the electric motor for cutting drive, the control 
parameter is the linear speed of the combine, the 
speed of moving.  

To develop a control system for the 
shearer, we first mathematically describe the 
simulated object itself (Fig. 1).  

We write the following equations in a form 
convenient for making up structural diagrams in the 
form 

)(

)(

)(

)(

pC

pB

pU

pY
  ,                       (1) 

where Y(p) and U(p)- the operator form for 
recording input and output quantities the 
respectively; B(p) and C(p) – characteristic 
polynomials of the differential equation of the 
system. 

The equations for describing the electric 
drive for moving of shearer in operator form: 

– frequency converter (FC) 

WFC(p)=KFC,                          (2) 

where KFC – the linear coefficient. 
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– for the induction motor for moving of 
shearer 
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where βm – the stiffness module of the linearized 
mechanical characteristic of the induction motor for 
moving; Mmax – is the critical (maximum) torque of 
the induction motor for moving; smax – critical slip 
of an induction motor for moving; ω0 – the angular 
frequency of the ideal idle speed of the induction 
motor for moving, pp – the number of pole pairs of 
the induction motor for moving; ωIM.m – the angular 
frequency of rotation of the rotor of an induction 
motor for moving, Mtr.m – torque on the input shaft 
of the transmission for moving, TEm – 
electromagnetic time constant. 

– transmissions of drive for moving taking 
into account dissipative losses in operator form[10]: 
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r.tr.mtr.mtr.msttr.m MiMpJ  .      (7) 

We rewrite equations (6) and (7) in the 
form (1), we get 
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where ωst – rotation speed of the drive star of the 
drive for moving; itr.m – gear ratio of the 
transmission of drive for moving; Jtr.m – moment of 
inertia of the transmission of drive for moving;  
ctr.m, btr.m – respectively, the stiffness and viscosity 
coefficients of the transmission of drive for 
moving; Mr.tr.m – torque of resistance on the output 
shaft of the transmission of drive for moving. 
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where cst, bst – respectively, the stiffness and 
viscosity coefficients of the drive star of the 
shearer; Vm – linear speed of the shearer (moving 
speed); Rst – the radius of the drive star (pinion 
gear). 

– the mechanical part of the drive for 
moving the shearer in operator form[4]: 

rr.tr.mr
st

r.tr.m
msh FFF

R

М
pVm  ,  (11) 

Figure 1: Mathematical model of a shearer as a control object
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where Fr – the force of resistance to motion of the 
shearer mass msh, equal to the sum of the forces 
from resistance to motion of the screw and 
resistance to motion of the shearer along an 
inclined axis[9,14]. 

 Fr = kf(Fr.m. + mshgfkcosα),              (12) 

where fk – coefficient of friction of the shearer on 
the guides of the conveyor; α – angle of incidence 
(rebellion) of the reservoir; Frm – the force of 
resistance to the moving of the shearer; g – the 
acceleration of gravity; kf – coefficient taking into 
account additional resistance to motion of the 
shearer is taken equal to 1.4. 

We rewrite equations (10) and (11) of the 
combine moving system in the form (1), and we 
obtain 
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The equations for describing the electric 
drive for cutting in operator form: 

– the induction motor for cutting: 

Since the induction motor of the cutting 
drive is unregulated, and it is important for us to 
know the value of its current only Ic (the angular 
frequency of a screw or drum is constant), it can be 
represented by the transfer function proposed 
in[14], assuming that the moment in the working 
part of the mechanical characteristic cutting motor 

is proportional to its current )
1
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where 
c

IM.c
с

J
МТ 

.  – electromechanical time 

constant of an induction motor for cutting; KI – the 
current transfer coefficient of the induction motor 
for cutting. 

The calculation procedure of KI is 
presented in[15], and the parameters of an 
induction motor for cutting are given in[9]. 

– transmissions of drive for cutting[11]: 
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where itr.c – gear ratio of the transmission of the 
drive for cutting; Jtr.c – moment of inertia of the 
transmission of the drive for cutting; ctr.c, btr.c – 
respectively, the stiffness and viscosity coefficients 
of the transmission of the drive for cutting; Mtr.c – 
moment on the input shaft of the transmission of 
the drive for cutting; Mr.tr.c – moment of resistance 
of the transmission of the drive for cutting. 

To bring to a standard simplified form, we 

introduce the following notation: ctrctr
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where ξtr.c – the damping coefficient of the 
transmission for cutting, Ttr.c – transmission time 
constant in the cutting drive. 

– Executive body: 

The equations describing the work of the 
executive body in operator form are of the form 
[10] 
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where Mrc – the resistance moment from cutting 
forces. 
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In order to obtain the transfer function for 
the disturbing action, we take the control action for 
speed ωtr.c = 0, then we get 
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where ξEB – damping coefficient of the executive 
body; TEB – time constant of the executive body. 

The process of cutting coal is as follows. 
The executive body rotates and enters the coal mass 
due to the translational motion of the shearer along 
the coal face. This leads to occurrence a moment of 
resistance to cutting, which is described by the 
following transfer function[16] 
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where kp – the coefficient taking into account the 
weakening of the resistance to cutting of the 
material in the cutting zone and the parameters of 
the auger cutters; REB – radius of the screw 
(executive body), τ – the delay constant by the 
formation of coal shavings (τ=1/(zνc), z – the 
number of incisors in one cutting line; νc – 
frequency of rotation of the screw of the cutting 
drive. 

The relation of the influence of the 
mechanical properties of the coal face on the power 
parameters of the electric drive for cutting and the 
electric drive for moving of the shearer can be 
taken constant[17]: 
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where Bc – the parameter characterizing the 
interaction of the electric drive for cutting, the 
electric drive for moving the shearer and the coal 
face. 

The parameters of the shearer, which is accepted as 
the control object, are presented in table. 1 

Table 1: The Parameters Of The Shearer. 

 Main parameters 
Induction 
motor for 
moving 

Rated power 30 kW; Synchronous speed 
1000 rev/min; Rated speed 972 rev/min; 
Rated voltage 1140 V; JIM.m=1,12 kgꞏm2; 
Pole pairs 3; Rs=0,41 Om; Rr=0,52 Om; 
Lm= 0,201 H; Ls=0,2175 H; Lr=0,215 H 

Induction 
motor for 
cutting 

Rated power 150 kW; Synchronous speed 
1500 rev/min; Rated speed 1471 rev/min; 
Rated voltage 1140 V; JIM.c=1,37 kgꞏm2; Pole 
pairs 2; Rs=0,51 Om; Rr=0,13 Om; 
Lm= 0,0696 H; Ls=0,0698 H; Lr=0,0733 H 

Drum JEB=36,1 Kgꞏm2; DEB= 0,9 m; νEB=78 min-1 
Shearer msh=17500 kg; Cst=7,7652ꞏ1011 Nꞏmꞏrad-1; 

bst=13330 Nꞏmꞏsꞏrad-1; Rst=0,15 m; 
Transmission 
for moving 

Jtr.m=451,7 kgꞏm2; Ctr.m=1000000 Nꞏmꞏrad-1; 
btr.m=100000 Nꞏmꞏsꞏrad-1; itr.c=104,9  

Transmission 
for cutting 

Jtr.c=1371,8 kgꞏm2; Ctr.c=675070 Nꞏmꞏrad-1;  
btr.c=2688,35 Nꞏmꞏsꞏrad-1; itr.c=19 

 
4. ESTABLISHMENT OF THE SIMULINK 
SIMULATION MODEL OF THE SHEARER 

MATLAB language is powerful in 
numerical computation. Its Simulink is a software 
package for modeling, simulation and analysis of 
all kinds of dynamic systems. The whole simulation 
process is very simple, convenient and 
intuitive[18]. 

To verify the effectiveness of controlling 
the speed of the shearer with the aim of the 
stabilization mode of the cutting current based on 
the PI-control, the UDK-300 shearer was taken as 
the control object. Its structural scheme, compiled 
on the basis of equations (2)-(20) in 
MATLAB/Simulink has the following form (Fig.2).  

When cutting a homogeneous coal seam, 
the resistance to cutting can be modeled at a 
constant value. When the formation with solid 
inclusions is destroyed, the resistance to cutting 
increases sharply, exceeding the nominal one by 
1.7–2 times[1]. 
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In the work, the obtained model was used 
to study the electromechanical processes occurring 
in a shearer with automatic current control of the 
electric motor for cutting drive with a stepwise 
change in the resistance of coal to cutting and the 
work of the shearer on weak and strong coals. As a 
result, we obtained the oscillograms shown in Fig. 
3, 4. 

From the oscillograms (Fig. 3) it can be 
seen that with a stepwise change in the resistance of 
coal to cutting in the range from 350 N/mm to 500 

N/mm, the speed of the cutting current controller is 
0.4 s with a load surge, at reset a load- 0.5 s. 
Furthermore, the maximum current value of the 
cutting motor is 170 A. 

It can be seen from the oscillograms 
(Fig.7) that with a stepwise change in the resistance 
of coal to cutting in the range from 250 N/mm to 
400 N/mm, the speed of the cutting current 
controller is 0.6 s with a load surge and 1.0 s, at 
reset a load. Wherein, the maximum current value 
of the cutting motor is 195 A. 

Figure 2: The simulation model of the control system of the shearer in the stabilization mode of the cutting 
current with a PI-controller

Figure 3: Oscillograms of the automatic control system under a stepwise change in the resistance of coal to 
cutting in the range from 350 N/mm to 500 N/mm
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Thus, when the shearer is working on 
weak coals, there is a decrease in the performance 
of the automatic control system for the cutting 
motor current by almost 1.5-2.0 times relative to 
the speed of this system when the shearer is 
working on hard coals. 

Therefore, to ensure the constant 
performance of the automatic control system when 
the strength of coal is changing in a wide range, 
there is a need to adjust the transmission coefficient 
of the cutting current controller. 

The solution of this problem is possible, 
for example, by constructing adaptive process 
control systems[19] that automatically select the PI-
controller coefficients, pre-adjusting tuning them 
using the Ziegler-Nichols method[20], or using the 
artificial intelligence methodology. 

The authors propose to solve this problem 
using the coefficient corrector of the classical PI-
controller, based on the feedforward neural 
network. 

5. DESIGN OF CORRECTOR FOR THE 
COEFFICIENTS OF THE PI-CONTROLLER 
BASED ON THE NEURAL NETWORK 

The authors propose to solve this problem 
using the coefficient corrector of the classical PI-

controller, based on the feedforward neural 
network. 

The PI-control system with corrector of its 
coefficients based on the neural network has good 
ability of self-learning and self-adjusting. At the 
same time, compared with the traditional PI-control 
system, the system has the advantages of small 
overshoot, higher control accuracy, faster response 
speed, stronger adaptability and robustness. Its 
control block diagram is shown in Fig. 5. 

 

Figure 5: The control block diagram of the shearer with 
the PI-controller and the neural network block for 

adjusting its coefficients 

It is known that the control signal 
processed by the PI-controller has the form: 

 
t

IP deKteKtu
0

)()()( ,         (21) 

y(t) 

ki kp 

r(t) u(t) e(t)

Neural 
network 

Plant PI-
controller

Figure 4: Oscillograms of the automatic control system under a stepwise change in the resistance of coal to 
cutting in the range from 250 N/mm to 400 N/mm
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where e(t) - the discrepancy between the task and 
the output of the control object; KP, KI – 
customizable controller parameters (coefficients). 
The mismatch is calculated as the difference 
between the reference signal (setpoint) – r(t) and 
the output of the control object – y(t). Paying 
attention to the fact that the signal for setting the set 
value is a constant value, in the future we will deal 
only with the error signal. A constant positive value 
only affects the shift of the output signal in the 
ordinate up, which in some cases can be useful, for 
example, to avoid zero intersections, which is 
crucial for training a neural network. 

Equation (21) in operator form takes the 
form: 

   pY
p

K
KpU I

P 







  ,           (22) 

where U(p) and Y(p) – the Laplace transforms for 
u(t) and y(t), respectively. 

Based on (22), the transfer function of the 
controller has the form: 
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If we translate (23) into a discrete form 
using a replacement p = (1 – z-1)/Δt, we obtain: 
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 We denote a1 = (KP + KIΔt), a2 = KP. 

Then, the difference equation, which is an 
analog of (21), for the k-th control step (for time tk) 
takes the form: 

u(tk) = a1e(tk) + a2e(tk – t) + u(tk – t ).  (24) 

That is, the PI-controller, according to 
(24), should actually have information about the 
mismatch (error signal) at the current time, the 
mismatch at the time one step backward and about 
the control signal one step backward. Therefore, the 
corrector of coefficients based on a neural network 
must have 3 inputs. 

It is accepted that neurons of the 1-st layer 
have an activation function - sigmoid, and for 

neurons of the 2-nd (output) layer the activation 
functions are linear. The number of neurons in the 
output layer is 2, corresponding to the PI 
coefficients of the controller KP and KI. 

To solve this problem, a neural network 
training method with a teacher was chosen. The 
neural network was trained using the Levenberg-
Marquardt algorithm[21]. In fig. 6 a model for 
generating a training sample is shown. 

The “In” array is an array for recording 
training input signals, and the “Out” array is an 
array for recording output signals, i.e., it is the 
neural network output (the PI coefficients of the 
controller). The resistance of the material to cutting 
A was modeled by a Random Source block 
generating evenly distributed random numbers 
corresponding to a specific coal strength in the 
range from 250 to 1000 N/mm with an interval of 2 
s. Additionally, a program was implemented that 
compares the values of the fortress with the 
proportional and integral coefficients of the PI-
controller obtained earlier for each discrete value of 
the fortress according to the Ziegler-Nichols 
method. Intermediate controller coefficients are 
calculated by spline interpolation implemented in 
the Matlab Function block. 

To test the developed corrector of the 
neural network, which changes the coefficients of 
the PI-controller, we used a simulation model 
pictured on the block diagram, as shown in Fig. 8 
and implemented in a Simulink simulation 
environment. 

 
Figure 6: Model for creating a training sample 
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I

 
Figure 8: The simulation model comparing the operation 

of the two PI-controllers 

In this scheme, the operation of the 
classical PI-controller with constant coefficients 
and the PI-controller with the corrector of its 
coefficients based on the neural network were 
compared. 

In Fig. 7 the simulation results are 
presented. From graphs b) and c) in Fig. 7 it can be 
seen that when the coal strength changed within 
150 - 450 N/mm, the speed of a conventional PI-
controller amounted at increase in load 0.97 s, 
while reducing load - 1.4 s; with a change in the 
strength of coal in the range of 400 - 800 N/mm, by 
response time was 0.66 s with an increase in load, 
and 1.25 s with a decrease. With a change in the 
strength of coal within 150 - 450 N/mm, the speed 
of the PI-controller with the corrector of its 

Figure 7: Results of comparing the work of the classical PI-controller and the controller with the corrector of 
coefficients based on the neural network
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coefficients based on the neural network amounted 
while increase and reducing in load of 0.37 s; with 
a change in the strength of coal in the range of 400 
- 800 N/mm, the speed of the PI-controller while 
increase and reducing in load was equal 0.43 s. 

Thus, the use of the PI-controller with the 
corrector of its coefficients based on the neural 
network can significantly increase the speed of the 
load controller on average from 1.5 to 3 times.  
This will ensure a reduction in dynamic loads 
during cutting of solid inclusions by the working 
body of the combine and at possible blocking of the 
working body and thereby increase the reliability of 
the shearer. 

According to graphs d) and e) in fig. 7 the 
coefficients of the PI-controller, providing the 
required quality of the transition process, vary 
significantly depending on changes in load (coal 
strength). It can also be seen that their behavior is 
essentially non-linear, which justifies the use of the 
neural network to correct the coefficients of the PI-
controller for different loads on the control object. 

This work was supported by the Russian 
Foundation for Basic Research (Grant No. 20-07-
00914 \ 20). 

6. CONCLUSION 

1. In the framework of this work, it was 
proposed to increase the speed of the regulatory 
system by using the PI-controller, the coefficients 
of which are adapted to the external working 
conditions of the shearer with sudden changes in 
load (coal strength). The correctness of the 
synthesized controller was verified using computer 
simulation. 

2. The use of the PI-controller with the 
corrector of its coefficients based on the neural 
network in the control system will increase the 
speed of the load controller by an average of 1.5–3 
times compared with the classical controller. This 
will allow to avoiding critical overloads and 
possible breakdown of mechanical parts in the 
transmission of the shearer with a sudden meeting 
of its working body with a solid inclusion. 

3. The approach proposed in the article can 
be used to solve other applied problems in which 
the control object is complex, non-linear and the 
control algorithm needs to adapt to the changing 
state of the object. It is planned to use the results 

obtained in the future to improve the load 
management system of shearers. 
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