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 Abstract. The rational parameters of the disk brake of a mine locomotive are 

calculated. 

 Keywords: mine locomotive, disk brake, frictional pair, relative sliding, clutch 

coefficient. 

 

 Introduction. Locomotive haulage is the main modern mode of transport in 

coal mines and provides more than 70% of cargo transportation by contact and 

battery locomotives. An increase in the productivity of mine rail transport is possible 

only with their high reliability. 

 The braking force, along with the traction force and the durability of the 

chassis elements, are the main characteristics that determine the efficient operation of 

a mine locomotive. 

 A steel or lined wheel is used as an actuator for the drive of a mine locomotive, 

which, when interacting with the rail, forms a friction pair. Undercarriage suspension 

system is the least durable link in a mine locomotive’s mechanical system. Reliability 

and durability of units and parts of the running gear, stability and safety of 

movement, traction and braking force depend on it. 
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 When designing new mine locomotives and assessing the performance of 

currently used ones, it is necessary to take into account the peculiarities of their 

operation [1], which are characterized by frequent starts and stops, imperfection of 

the running gear (the presence of gaps in the axle box and the drive), low coefficient 

of adhesion (contamination of the rail track surface), the absence of traction control 

systems, severe dimensional restrictions, etc. 

 During operation of a mine locomotive, its running gear is a dynamic object, 

where vibrations are excited due to both the kinematic characteristics of the vehicle 

and inertial disturbances. Large dynamic loads arise in the drive elements and the 

running gear, due to the specific rolling process of the wheels, rigidly connected to 

each other by means of an axle in wheel pairs, along the track surface. 

 The use of elastic axlebox units, including rubber-metal elements, installed 

between the surfaces of the guide frame of the locomotive and the side surface of the 

axlebox unit [2], made it possible to reduce dynamic loads. 

 The operating characteristics of the wheel-motor unit and the suspension 

system of the mine locomotive in the process of acceleration and stationary motion 

were investigated by means of mathematical modeling in [3]. It also shows the 

advantages of an elastic axlebox unit with rubber-metal elements. 

 The work [1] describes a mathematical model of the movement of a mine 

locomotive under conditions of braking with a wheel-shoe brake. It is shown that the 

choice of rational parameters of a wheel-shoe brake with a sectional brake shoe 

makes it possible to increase the productivity and safety of locomotive haulage. 

 In [4, 5], a study of the process of braking a mine locomotive with a disc brake, 

which creates a pulsating braking torque on the axle of a wheelset, was carried out in 

order to realize the maximum possible coefficient of adhesion of wheels to rails. 

Recommendations are given for the analytical selection of the braking torque for 

various states of the track. Constructive conceptual solutions for the manufacture of a 

disc brake with a multi-sector disc, which creates a pulsating braking torque, are 

proposed. 
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 Main part. Article purpose is to calculate the optimal parameters of the drive 

of a mine locomotive by means of mathematical modeling during braking with a disc 

brake with a multi-sector disc under real operating conditions. 

 Forced oscillations of the wheel-motor unit of a mine locomotive (Fig. 1) 

during braking with a disc brake on a straight horizontal section of a rail track, taking 

into account the nonlinear characteristic of the interaction of a friction wheel-rail pair, 

can be described by a system of six second-order differential equations [5]. 

 

 
 

Fig. 1. Calculation scheme of a mine locomotive with a disc brake on the axle of the 

wheelpair: 1 – traction motor; 2 – reducer; 3 – wheelpair; 4 – elastic elements; 5 – 

drive trolley frame; 6 – disc brake 
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where, сm  is the mass of the composition; 3m , 4m  are reduced masses of the 

corresponding wheels; y, 3y , 4y  are linear movements of the locomotive and the 

corresponding wheels; y , 3y , 4y  are linear velocities; y , 3y , 4y  are linear 

acceleration; 3yC , 4yC  are the stiffness coefficients of the corresponding elastic 

elements; 3y , 4y  are coefficients of viscous internal resistance of the 

corresponding elastic elements; 3C , 4C  are the stiffness coefficients of the 

corresponding axle shafts of the wheel-motor unit; 3 , 4  are coefficients of 

viscous internal resistance of the corresponding axles of the wheel-motor unit; , - 

adhesion forces of the corresponding wheels;  3 3 3 8lF S m g , 

 4 4 4 8lF S m g  are traction forces of the respective wheels; 

  3
3 1 2 3 3 3 4 3 k th k S k S k S      ,   3

4 1 2 4 3 4 4 4 k th k S k S k S       are 

coefficients of adhesion of the corresponding wheels (in the braking mode take 

negative values) [5]; 1k , 2k , 3k , 4k  are numerical coefficients of the mechanical 

characteristics of the friction pair;  3 3 3 3S r y y    ,  4 4 4 4S r y y     are 

relative slip of the corresponding wheels; 2I  is reduced moment of inertia of the 

gearbox, disc brake and engine relative to the axis of the wheelset, corresponding to 

one wheelset (depends on the location of the disc brake); 3I , 4I  are reduced moments 

of inertia of the corresponding wheels relative to the axis of the wheelset; 2 , 3 , 4  
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are angular coordinates of the output shaft of the gearbox (axle of the wheel pair) and 

the corresponding wheels; 2 , 3 , 4  are angular velocities; 2 , 3 , 4  are angular 

acceleration; r  is the radius of the wheel rolling circle; lm  is the mass of the 

locomotive; g  is acceleration of gravity; u  is gear ratio of the reducer; bM   is the 

moment of braking on the motor shaft. 

 Let us determine the number of sectors of the brake disc made alternately of 45 

HB 415 steel and gray cast iron SCh 15-32 HB 200 in such a way that under real 

operating conditions the braking distance is minimal. Let us assume that brake pad 

linings in the form of an annular sector with a central angle 4   are made of 

6KX-1 friction material (cold-formed press material). The friction coefficients for the 

indicated pairs of disc and friction lining materials are 0.535 and 0.41,  

respectively [6]. 

 The dependence of the pulsating braking torque on the motor shaft on the 

angular coordinate of the motor shaft 1  can be described with a sufficient degree of 

accuracy by the expression [5]. 

 

    т 0 2 0 1
2M M A sin n M A sin n
u

          

      1 2
0 1 0 1 1 2

1 2
1 1      *M A sin n M sin n

 
   

 
 

         
,     (2) 

 
where, 0M , 0M   are the constant components of the braking moments, respectively, 

on the axle of the wheelset and on the motor shaft; n, n  are the number of periods of 
a sinusoid per revolution, respectively, of the wheelset axle and the engine shaft; A , 
A  are amplitudes of oscillations of variable components of the braking moments on 

the axle of the wheelset and on the engine shaft;    0 1 2 1 2
*A A M         ; 

1 , 2  are coefficients of friction for two pairs of disc materials and friction linings. 

 The system of differential equations (1), taking into account formula (2), was 
integrated by the Runge-Kutta method using the standard software package 
«Mathematica» for four states of the rails (covered with sand; covered with sand 
crushed as a result of a previous trip; wet, clean; covered with liquid coal mud). 
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 The calculation results show that for all four states of the rail track, the braking 
distance will be minimal when the number of sectors of the brake disc is equal to six. 
 Conclusions. 
 1. On the basis of mathematical modeling of the process of braking a mine 
locomotive with a disc brake with a multi-sector disc, the optimal dynamic and 
kinematic characteristics of its drive are calculated for given initial data. 
 2. It has been established that for four states of the rails (covered with sand; 
covered with sand crushed as a result of a previous trip; wet, clean; covered with 
liquid coal mud) the braking distance will be minimal when the number of sectors of 
the brake disc is equal to six. 
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