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Abstract. The causes of slipping and sliding of the locomotive’s driving wheel-sets are analysed from theoretical 
and practical perspectives. The main factors influencing wheel-sets’ slipping are described, and their correlation is de-
termined. The specific methods of stopping the slipping of the Diesel locomotives and having a conventional electric 
drive system are described in the paper. The process of wheel-sets’ slipping and its control are simulated and shown 
graphically. Structural diagrams demonstrating the control of the dynamic locomotive wheel-sets’ slipping and sliding, 
based on the evaluation of the influence of the speed-torque characteristics of DC traction motors on these processes, 
are presented. Major parameters of the DC/DC and AC/DC systems used in the automatic control of the dynamic slip-
ping and sliding of the locomotive’s wheel-sets are defined and new methods of controlling the dynamic slipping and 
sliding are suggested.

Keywords: locomotive, traction generator’s characteristic, DC traction motor, adhesion coefficient, slip force, 
slipping and sliding, slip and slide protection system.

1. Introduction

The efficiency of transportation by railway largely de-
pends on railway track capacity. A railway operator has 
to ensure steady and safe traffic, as well as the effective 
use of the locomotive power. The problems associated 
with the comfortability of passenger trains were inves-
tigated by Inarida et  al. (2001), while the parameters 
of electrodynamics braking and power systems of the 
trains were considered by Liudvinavičius and Lingaitis 
(2010). To ensure a steady traffic flow of trains (particu-
larly, heavy freight trains), the tractive force of the loco-
motive should be effectively controlled. It is important to 
control the locomotive so that its tractive force should be 
uniformed and its development could not be interrupted 
because of the driving wheel-sets’ sliding. The conditions 
for the wheel-sets to slide are usually created, when a 
heavy train starts moving or is moving uphill (Bureika 
2008). In this case, the locomotive is moving so that the 
driving wheels’ spin speed sharply increases, while the 
tractive force of the locomotive decreases fast, causing a 
sharp slowdown of the straight-line motion of the train, 
which may even stop between the stations.

When the adhesion coefficient is decreased consid-
erably, the locomotive’s tractive force is not sufficient to 
pull the train. In this case, sand is spread on the rails to 

increase the adhesion coefficient. However, the starting 
time of a locomotive increases due to intense slipping of 
the wheel-sets, which causes more intense wearing both 
of the wheel-sets and rails. A number of researchers 
study the problem of the effective control of the locomo-
tive’s tractive force, e.g. Myamlin (2002) and Radojković 
(1990).

Slipping of the locomotive’s wheel-sets depends on 
the angle of taper of the wheels’ rolling surface as well 
as the slope of the track and the wheel-set position with 
respect to the longitudinal axis of the rails. When a loco-
motive is moving in the traction mode, the axle load of 
the locomotive’s powered wheel-sets acting on the rails 
is redistributed, and this is one of the main causes of 
slipping and sliding of the wheels.

The effect of the variation of the coefficient of ad-
hesion between the wheels and the rails on the tractive 
effort characteristic as well as the operation of electric 
traction motors and the effect of their arrangement in 
the carriage on the static wheel-to-rail force are also very 
important. Another relevant problem is the adjustment 
and control of the parameters of the wheel-sets’ slipping 
and sliding in the case of various types of the locomo-
tive drives, such as DC/DC, AC/DC and the latest type 
of AC/AC drives. The operation of these drives is de-



scribed in the works of Strekopytov et  al. (2003), Sen 
(1996), Liudvinavičius and Lingaitis (2010) and Nayal 
et al. (2006). In order to effectively control slipping and 
sliding of the DC motor-driven wheel-sets, the mechani-
cal characteristics of motors and the effectiveness of the 
methods of speed regulation of the rotors of these mo-
tors should be determined. The algorithms for automat-
ing the control of the electric motors were considered by 
Yamaguchi (2006).

Assuming that the mechanical characteristics of the 
DC traction generators may have a certain influence on 
slipping, the structural control diagrams of the processes 
of slipping and sliding of the wheels were developed in 
the course of investigation. Based on the analysis of the 
main factors contributing to slipping, and, given the 
parameters of this process, the modelling of wheel-sets’ 
slipping and its control methods was performed.

When the driving wheel-set starts sliding, it makes 
more revolutions and, theoretically, due to the specific 
mechanical characteristics of the DC traction generator, 
the rotor (and the wheel-set) may ‘race’. In practice, the 
process lasts until the mechanical failure of the electri-
cal motor’s armature takes place. The more revolutions 
the wheel makes, the higher is the slipping, while the 
tractive force of a locomotive drops to zero. The authors 
investigated the mechanical characteristics of the DC 
traction in order to find the ways of avoiding the un-
wanted drop of the tractive force.

2. Theoretical Assumptions of the Locomotive 
Wheel-Sets’ Slipping and the Consequences of the 
Wheel-Sets Sliding on the Track

High adhesion utilisation and sophisticated dynamics 
design of modern locomotives and traction rolling-
stocks demand complex simulations which at the same 
time take into consideration the mechanical, electro-
technical and traction control system field. When the 
locomotive’s tractive force exceeds the adhesion of the 
wheels to the rails, slipping of the locomotive’s wheel-
sets may start. In vehicle dynamics, small slip values 
(microslip) are of the main importance. The correct 
description of the resulting traction coefficient between 
wheel and rail is important for investigations related to 
wear, rolling contact fatigue, traction control or running 
stability analyses. Furthermore, information about local 
mechanical and thermal load distributions within the 
contact zone is desirable. A profound description of the 
state of the art of dynamical contact problems with fric-
tion can be found in (Sextro 2010). Longitudinal and 
lateral slip as well as spin slip should be taken in account 
(Polach 2005).

The adhesion coefficient is a variable and it strong-
ly affects traction. The variation of the wheel-to-rail ad-
hesion coefficient Y of the locomotive is given for vari-
ous seasons in Fig. 1.

To determine the adhesion coefficient of a new lo-
comotive, field tests are carried out in various seasons 
and in various periods of the day. Several hundred tests 
should be performed to obtain accurate results. In Fig. 1, 
it is shown that the adhesion coefficient varies consider-

ably, even if the mass of the locomotives is actually the 
same. It depends on many factors, including rain, snow, 
the contamination of the rails by the oil products, wear-
ing of the rolling surface of the wheel and the rails, the 
track profile, etc.

‘Conventional’ contact models like CONTACT 
(Kalker 1967), deduced simplifications such as FASTSIM 
(Kalker 1982) or analytical derivatives of the model (Po-
lach 2005) are able to describe the principal mechanisms 
linked to the stick and slip zones within the contact rail/
wheel and are therefore capable of describing the char-
acteristic correlation between locomotive traction co-
efficient and slippage. The friction coefficient between 
wheel and rail has to be provided by the user. This coef-
ficient is highly dependent on parameters such as wheel 
rolling velocity, normal axle load, microscopic surface 
roughness of wheel and rail, etc. Moreover, these param-
eter influences are strongly dependent on the lubrication 
state of the contact, whether the contact is humid, i.e. 
boundary lubricated, dry or in mixed lubrication state, 
where enough fluid is present between wheel and rail to 
build up a positive fluid pressure regime.

With emphasis on the lubrication only, sophisticat-
ed models for elastic-hydrodynamic lubrication (EHL) 
have been developed and extended to the application to 
rough surfaces (Patir, Cheng 1978). These researchers 
introduced flow factors to averaged Reynolds equations 
for an application to rough surfaces. This method is ap-
plicable to the full and mixed lubrication regime, where 
the fluid fully occupies the area between the two con-
tacting bodies, causing hydrodynamic lift. The method 
was applied to isothermal rolling contact and the adhe-
sion coefficient was approximated (Chen et al. 2005). A 
tangential contact model was not employed. A method 
to use this model even under boundary lubrication con-
ditions is proposed in (Hu, Zhu 2000).

The interfacial fluid model is presented by Tomb-
erger et al. (2011) and can be used in combined, mixed 
and boundary lubricated contacts. A new approach is 
the consideration of the metallic volume occupation by 
the surface roughness peaks, called asperities. This in-
terfacial fluid model is based on the continuity equation, 

Fig. 1. The variation of the adhesion coefficient Y, depending 
on the locomotive speed in a particular season
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a pressure-mass flow relation and an abstraction of the 
surface geometry.

A possible explanation of the decreasing of slip 
force-slip function for large longitudinal slip is the de-
crease of friction coefficient with increasing slip speed 
due to the increasing temperature in the rail/wheel con-
tact area (Hou, Kalousek 2000; Ertz, Knothe 2002; Ertz, 
Bucher 2003). With increasing slip, the temperature in 
the rail/wheel contact area increases and the coefficient 
of adhesion decreases.

Another explanation is different friction coeffi-
cients in the area of adhesion and the area of slip (static 
kinematic friction coefficient) – does not seem to influ-
ence sufficiently the shape of the slip force curve (Ohy-
ama 1989; Nielsen, Theiler 1996).

The method described by Polach (2005) allows sim-
ulating slip force according to measurement for various 
conditions – dry, wet, contaminated, etc. It is based on 
fast method for calculation of wheel/rail forces devel-
oped by Polach and largely tested and used in various 
three dimensional multi-body simulation tools.

This method developed by Polach for calculation of 
slip forces in multi-body simulations (Polach 1992, 1999; 
Kalker 1982) is based on theoretical model for longitudi-
nal and lateral slip assuming a coefficient characterising 
the rail/wheel contact shear stiffness.

The rail/wheel contact area is assumed elliptically 
with half-axes a, b and normal stresses s distribution 
according to Hertz. The distribution of tangential stress 
t is shown in Fig. 2.

The maximum value of tangential stress at any ran-
dom point is:

tmax= m × s, (1)

where: m – coefficient of friction.

The forces Fx, Fy in longitudinal and lateral direc-
tions are:

, ,i
i

s
F F i x y

s
= ⋅ =   (2)

and the adhesion coefficient:

, ,i
i

F
f i x y

Q
= = , (3)

where: Fi  – total contact force, kN; si  – total slip; Q  – 
wheel load, kN.

A slip force law with a marked adhesion optimum 
can be modelled using the friction coefficient decreas-
ing with increasing slip (creep) speed between rail and 
wheel (Zhang et al. 2002).

In additional, the reduction of the initial gradi-
ent of slip force curve explained by Bucher et al. (2002) 
through the influence of the surface roughness and by 
Harrison et al. (2000) in effect of surface’s contamination 
can be used.

A large longitudinal slip between wheel and rail oc-
curs for the adhesion limit, in particular for the maxi-
mum transmissible tractive forces. Using the theory of 
friction coefficient decreasing with increasing slip by the 
influence of temperature for the case of wet or polluted 
contact conditions, the only way to achieve the adhesion 
optimum at large slip values is a significant reduction of 
the coefficient of Kalker’s linear theory (Polach 2005). 
With increasing slippage, the temperature in the contact 
area increases and the coefficient of friction decreases.

Typical values of the reduction factor for real rail/
wheel contact conditions as evaluated from measure-
ments are 0.2÷0.5 for wet rails and 0.6÷0.85 for dry 
rails. It should be noted that the only use of decreas-
ing adhesion coefficient does not allow simulating the 
slip forces between wheel and rail in complex dynamics 
simulations when transmitting the limiting tractive force 
under unfavourable adhesion conditions. The modelling 
proposed by Polach (2005) is of the real slip forces for 
wet, polluted or dry rail which is based on a combina-
tion of dry and wet friction.

Large slip occurs mainly on longitudinal direction 
because of traction or braking; the maximum lateral slip 
cannot reach the level of maximum longitudinal slip due 
to the traction or braking.

The definition of the tangential failure stress τm 
is, however, difficult. In addition, to the mechanism of 
adhesion, plastic asperity deformation, plowing and ot-
her dissipative mechanisms, boundary lubrication and 
influences of solid interfacial layers have an effect on 
the tangential failure stress of a contact. Furthermore, 
so-called third bodies, forming a solid interface betwe-
en the contacting bodies, can alter the friction process 
(Berthier et al. 2004; Niccolini, Berthier 2005).

A run on the unstable (decreasing) section of slip 
force curve was simulated by Polach (2001). With in-
creasing tractive effort, the wheel-set steering ability de-
creases. Simultaneously, the first wheel-set of the bogie 
moves to the inner rail.

Measurements under the water lubricated condi-
tions report a distinct decrease of the maximum traction 

Fig. 2. Distribution of normal and tangential stresses in the 
rail/wheel contact area in Polach (2005) method
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coefficient with increasing rolling velocities (Zhang et al. 
2002; Ohyama, Maruyama 1982; Chen et al. 2008). No 
velocity dependence is reported in paper (Ohyama et al. 
1989) for a boundary lubricated contact, using paraffi-
nic-oil.

Researchers Mei et  al. (2009) propose a radically 
new approach for the detection of wheel slip/slide and 
re-adhesion control of AC traction motors in railway ap-
plications, which provides an important alternative and 
advantageous technique in traction/braking control sys-
tems to maximize the use of adhesion in poor rail/wheel 
contact conditions. The proposed concept explores the 
variations in the locomotive wheel-set dynamic proper-
ties caused by the condition changes at the wheel–rail 
contact, detects and controls the slip conditions from 
the dynamic behaviour of a wheel-set, indirectly. The 
influence of contact conditions on the relevant modes 
is assessed, which is essential in the development of a 
mechatronic solution based on dynamic interactions.

At the current stage of development in models 
described above (also methods presented in books by 
Andersson et al. 2004; Iwnicki 2006; Wickens 2003) can 
be widely used for investigations relating to the devel-
opment of locomotives traction (slip and slide) control 
strategies and rail/wheel wear or rolling contact materi-
als fatigue.

3. The Effect of the Speed–Torque Characteristics of 
the DC Traction Motor of a Locomotive on Slipping 
and Sliding of the Wheels
3.1. Speed–Torque Characteristics of the Locomotive’s 
DC Traction Motor
The main principles of electric motor operation and 
control are described in the book of Sen (1996). Cir-
cuit diagrams (series-wound DC traction motor circuit 
diagram and separately excited shunt-wound DC trac-
tion motor circuit diagram) as well as their speed–torque 
characteristics are presented in Figs 3–5.

The variation of the rotor speed of the series-wound 
and shunt-wound DC traction motors, depending on 
the axle load, is shown by the curves depicted in Fig. 5.

Fig. 5. Speed–torque characteristics of the separately excited 
shunt-wound (1) and series-wound (2) DC traction motors: 
Mst0, Mst1, Mst2 denote static load torque of a DC traction 

motor; no is no-load armature speed of a separately excited 
shunt-wound DC traction motor

Fig. 3. A circuit diagram of a series-wound DC traction 
motor: Iin is armature current; Ein is armature voltage; M is 
the electromagnetic moment in the traction mode; n is DC 
motor’s rotor speed; LE is an exciting winding; WS denotes 

wheel-sets; RP is the resistor

Fig. 4. A circuit diagram of a separately excited shunt-wound 
DC traction motor: Iin is armature current; Ein is armature 
voltage; M is the electromagnetic moment in the traction 

mode; n is the traction motor’s rotor speed; LE is an exciting 
winding; WS denotes wheel-sets; RP is the resistor
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Series-wound DC machines are used as motors and 
generators. Series-wound traction motors have a very 
high starting torque. The speed of the DC series-wound 
motor is strongly dependent on the load. A variation 
in load causes a variation in current. If the load is in-
creased, the current increases and the speed is reduced. 
During the start-up and on high load the series-wound 
traction motor consumes a high current, which produc-
es a powerful torque.

They may never be operated without the load 
torque because they may ‘race’ on no-load. A series-
wound traction motor cannot be operated on no-load 
under any circumstances because it increases its speed 
to such a degree that the armature is destroyed, i. e. it 
‘races’ on no-load (see Fig. 5).

In a DC series-wound traction motor, operating 
without the load torque, the rotor speed increases very 
quickly and the wheel-sets start slipping. The analysis 
of the speed–torque characteristics of the DC series – 
wound and separately excited shunt-wound traction 

338 L. Liudvinavičius, G. Bureika. Theoretical and practical perspectives of diesel locomotive with DC traction ...



motors at the points A and B allows us to state that the 
rotor speed of a separately excited shunt-wound traction 
motor is hardly dependent on the load (speed variation 
∆n1), while speed variation ∆n2 of a series-wound DC 
traction motor is much higher. In addition, as shown in 
the curve 2 in Fig. 5, a series-wound DC traction motor 
cannot operate on no-load. Traction motors of the lat-
ter type are commonly used in locomotives. When the 
wheel-to-rail forces are redistributed for the reasons dis-
cussed above, the speed of the less heavily loaded wheel 
increases fast, causing the development of slipping and 
sliding of the wheel-sets. The locomotives with the DC 
series-wound traction motors must use anti-slip systems.

3.2. Wheel-to-Rail Adhesion of the Locomotives with 
Separately Excited Shunt-Wound and Series-Wound 
DC Traction Motors
The authors analyse wheel-to-rail adhesion for the loco-
motives using separately excited shunt-wound (charac-
teristic 3) and series-wound (characteristic 2) DC trac-
tion motors (see Fig. 6). The curve Fks corresponds to 
the boundary tractive force characteristic depending on 
adhesion. At the point A, the boundary tractive force 
depending on adhesion is found, while the locomotive 
speed is v. If the adhesion is weaker, e.g. on the con-
taminated track section, the tractive force depending on 
adhesion is decreased by the magnitude ∆Fks. Therefore, 
in this case, the tractive force will be higher than the 
adhesion force, and the wheel-sets will start slipping and 
sliding on the track.

When the angle speed of a wheel-set of the loco-
motive with a separately excited shunt-wound DC trac-
tion motor increases, the tractive force of the locomo-
tive sharply decreases, getting equal to the tractive force 
depending on adhesion at the point B. In this case, the 
wheel-set’s slipping rate 1∆ν is low. However, the value 
of the friction coefficient remains high and, therefore, 
the wheel-sets, after passing over the reduced adhesion 
area, will regain the proper adhesion. In a similar case 
with a series-wound DC traction motor, its tractive force 
and tractive force depending on adhesion are equal at 
the point C, where the slipping rate of the wheel-set 

2∆ν is high, while the friction coefficient is low. In this 
case, the conditions for regaining the proper adhesion 
without any external help are much worse. Therefore, 

the spreading of sand in the reduced adhesion area is 
required for the wheel-sets to regain good adhesion to 
the rails. The latter is faster regained by the locomotives 
with separately excited shunt-wound DC tractive mo-
tors. Therefore, their average tractive force, depending 
on adhesion, is higher than that of the series-wound DC 
traction motors. The locomotives with separately excited 
shunt-wound DC traction motors have a higher wheel-
to-rail adhesion coefficient compared to those having 
series-wound DC traction motors, whose low adhesion 
coefficient is compensated for by the use of slipping and 
skidding protection systems.

4. Protecting the Driving Wheel-Sets  
of a Locomotive from Skidding
4.1. A Scheme of the Mechanical Compensating 
System of Wheel-to-Rail Force Redistribution
In Fig. 7, a scheme of the mechanical compensating sys-
tem of wheel-to-rail force redistribution for a locomotive 
operating in the traction mode is given. A system con-
sists of the pneumatic cylinders located perpendicular to 
the outward wheel-sets of the first and the second bogie. 
When the locomotive starts moving, the compressed air 
is supplied to the front cylinders (with respect to the 
direction of movement), denoted by 1 (Fig. 7), and their 
shafts squeeze the frames of the bogies. In order to bal-
ance the moment MT, occurring when the locomotive 
is moving along the curved track, the first wheel-sets 
of the respective bogies are pressed. The system is au-
tomated, which implies that a special regulator changes 
the pressure in the system, depending on the tractive 
force. A pressure regulator is controlled by the pressure 
relays connected to the network of the traction motors. 
The higher the current in the network of traction mo-
tors and pressure relays, the higher the tractive force of 
a locomotive and, therefore, the more highly compressed 
air is supplied to the pneumatic system. Depending on 
the direction of the locomotive’s motion, the valve K1 or 
K2 is opened. By controlling the position of the valves 
K1 and K2 and pressure in the cylinders, the forces com-
pensating for the decrease of the axle loads of the bo-
gies are generated. These forces ‘press’ the bogies to the 
rails, thereby increasing the adhesion coefficient of the 
locomotive.

Fig. 6. The effect of speed-torque characteristics on the 
tractive force of a locomotive depending on adhesion
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The mechanical system of the wheel-set load com-
pensation is rather complicated. The variation of the 
axle loads should be controlled by the sensors, while the 
pressure in particular cylinders should be regulated by 
the valves. The electric system to protect from slipping 
and sliding suggested by the authors may supplement the 
mechanical system of the wheel-set load compensation.

4.2. A Conventional Slip and Slide Protection System 
for Diesel-Electric (DC/DC) Locomotives
During the slipping and sliding of the powered wheel-
sets the adhesion coefficient of the wheel-sets to rails de-
creases, thereby decreasing the locomotive tractive force. 
Therefore, the locomotive wheel-sets’ adhesion to the 
rails should be closely watched and adequately controlled 
to protect them from slipping (Braess, Seiffert 2011).

Usually, the parameters of the locomotive slipping 
are continually measured and adjusted by specially in-
stalled automatic control systems of the electric drives. 
The main causes of slipping and sliding of the wheel-sets 
of the locomotives with the DC traction motors con-
nected in series are as follows: redistribution of loads 
(armature current) due to mismatch of the character-
istics of traction motors of the same type and different 
wheel-to-rail forces in the same locomotive, as well as 
due to various types of the mechanical characteristic of 
a traction motor. The mechanical speed-torque charac-
teristic of series-wound DC traction motors used in the 
DC/DC and AC/DC electric drives is given as the 2nd 
curve in Fig. 5.

Series-wound DC traction motors described above 
are widely used in trolley-buses, trams, metro trains, 
electric trains and locomotives. In practice, the systems 
of measuring the parameters of wheel slipping or auto-
matic slip and slide protection systems (ACS) are used in 
the electric drives of the operating traction locomotives.

A conventional circuit diagram of the slip and slide 
protection system of DC/DC diesel-electric powered lo-
comotive wheel-sets is shown in Fig. 8.

4.3. The Algorithm of Controlling the Locomotive’s 
Wheel-Set Slipping and Sliding
The slipping parameters of each wheel-set may be 
measured and adjusted by two relays, fixing the slipping 
process, which is connected between the two armature 
windings of the traction motor of a bogie. For example, 

when the slipping of the first bogie’s wheel-sets proceeds, 
the difference in the potentials at the points of the wind-
ing of the relay RB1 can be observed, and the relay works. 
In this case, the electric circuit is made by the relay’s 
contacts in the lamp indicating slipping or in the bell. 
A driver is informed about the proceeding slipping by 
a light or sound signal. Other relay’s contacts open the 
feeding circuit of the contactor K, thereby interrupting 
the excitation of the DC traction generator as well as 
the feeding of the DC traction motors. When the feed-
ing of all traction motors of the operating locomotive 
is interrupted for a short time, slipping is stopped. The 
locomotive moving by inertia passes over the section of 
the greased rails, where the adhesion of the wheel-sets 
to the rails is particularly weak. If slipping continues, the 
sand is spread in front of the powered wheel-set wheels 
to increase the friction. The main disadvantage of the 
system is that slipping usually does not stop and the 
driver has to interrupt the traction mode. This causes 
the development of the horizontal dynamic forces in 
the train. These dynamic forces may squeeze out some 
wagons of the train and cause an accident. The authors 
of the present paper offered to use an automatic drive 
system of slip and slide protection of the wheel-sets in 
diesel-electric locomotives (of the DC/DC type). The 
system’s circuit diagram is presented in Fig. 9.

To control automatically the locomotive’s slipping, 
the load characteristic of the traction generator in the 
dynamic process should be changed. When any of the 
locomotive wheel-sets starts slipping, the armature cur-
rent of the traction motors connected in parallel is re-
distributed, while the voltage at the generator’s terminals 
remains the same (see Fig. 10).

Therefore, the slipping of any wheel-set may be 
determined by measuring the traction motor’s armature 
current by a current sensor (Program… 2011). A signal 
for automatic slipping control will be the variation of 
the traction motor’s armature current. The units MCBI 
and MCBII (Fig. 9) measure the armature current of all 
traction motors by the sensors B1, …, B6 and determine 
the maximal current. These signals are compared in the 
pulse gating unit with the signal obtained by the genera-
tor’s voltage sensor. The load characteristic of the trac-
tion generator changed by the maximal current signal is 
shown with its dynamic component being formed by a 
green-coloured curve (Fig. 10).

Fig. 8. A circuit diagram of the relay wheel-sets’ slip and slide protection system in a conventional diesel-electric locomotive  
(of DC/DC type): G is a separately excited shunt-wound DC traction generator; G1 is the exciter; LG is the exciting winding  
of a DC traction generator; LG1 is the exciting winding of the generator’s exciter; RB1, RB2, RB3 are the relays for controlling  

the process of the locomotive slipping; 1,..., 6 are the exciting windings of the DC traction motors.  
M1...M6 are the DC traction motors, K is the contactor
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4.4. The Suggested Algorithm for Automatic Control 
of Wheel-Sets’ Slipping and Sliding
Based on the analysis of the anti-slip systems commonly 
used in DC/DC locomotives, the authors suggested a 
new automatic slipping protection system. This system 
ensures slip and slide monitoring and adjusting of the 
ABCD characteristic of the traction generator, when a 
signal about traction motor’s armature current variation 
is obtained. It also creates a dynamic component of the 
dynamic characteristic, which is denoted by symbols 
E1Y1 in the first curve of the characteristic and by sym-
bols E2Y2 in the second curve of the characteristic (see 
Fig. 11, coloured green).

The above formation of artificial characteristics of 
the locomotive, moving at some particular speed in the 
traction mode, allows us to maintain fixed voltage at 
the traction generator terminals for a very ‘short’ time 
(stabilizing it during the dynamic process), when the 
wheel-sets start slipping. In this case, it is possible to 
obtain the same speed of rotation of all traction motors’ 
wheel-sets and, thereby, to regain proper adhesion of the 
wheels to the rails. When this is achieved, the previous 

value of the generator’s voltage is automatically regained, 
i.e. it returns from the line YE to any CB portion of the 
artificial characteristic of the DC generator (Fig. 11, col-
oured red).

Fig. 9. A circuit diagram of automatic control of wheel-sets’ slip and slide parameters in diesel-electric powered locomotive 
(of DC/DC type): G is a separately excited shunt-wound DC traction generator; G1 is the exciter; MA is a magnetic amplifier; 
B1, …, B6 are armature current sensors of DC traction motors; M1, .., M6 are series wound DC traction motors; PS is a diesel 

power sensor; SS is a diesel speed sensor; MCBI is the maximal current sensor block of traction motors of bogie I; MCBII is the 
maximal current sensor block of traction motors of bogie II; SB is a selective block; B is traction generator’s voltage sensor; Ne is 

a signal of diesel motor’s power; NG is a signal of traction generator’s power; nD are revolutions (speed) of the diesel engine

Fig. 10. The curves demonstrating the ‘spread’ in DC traction motors’ armature current in the locomotive 2M62M: 1, ...., 6 are 
traction motors’ armature currents, measured by a PC in testing trains of various masses
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Fig. 11. Load characteristics of a diesel- electric powered 
locomotive’s (of DC/DC type) traction generator Ug = f(Ig): 

red denotes conventional characteristics; green show 
complementary dynamic characteristics; 1 and 2 show 

different locomotive drive regimes
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The straight-line locomotive’s speed does not 
change during slipping and sliding because the sug-
gested process of the dynamic control of the electric pa-
rameters is the fastest control method, since a transient 
process takes only a few milliseconds. The development 
of the tractive force of the locomotive is not interrupted 
because wheel-set slipping control is fully automated.

5. Conclusions

1. Taking into account the specific nature of the conven-
tional characteristic of series excitation DC traction 
motors, slip and slide protection systems should be 
used to ensure uniform traction of locomotives.

2. Locomotive slip and slide protection systems, com-
monly used in the locomotives with series excitation 
DC motors are not effective because wheel-set slip-
ping is controlled by the inertial relay systems. In this 
case, the development of the tractive force is inter-
rupted during the process, which causes the develop-
ment of the dynamic longitudinal tensile – compres-
sion forces in the train.

3. A locomotive’s complementary slip and slide protec-
tion system suggested by the authors for the locomo-
tives with series excitation DC traction motors, allows 
for automatic control of the traction generator’s load 
characteristic, as well as the process of wheel-set slip-
ping and sliding without interrupting the develop-
ment of the tractive force of the locomotive, operating 
in the traction mode.

4. A locomotive’s complementary wheel-sets’ control 
system for the DC/DC locomotive allows us to change 
the nature (type) of traction generators’ characteristics 
for the locomotives operating in the traction mode.

5. Using the suggested locomotive slip and slide protec-
tion system of the DC/DC locomotive wheel-sets, the 
driver does not have to interrupt the control of the 
traction mode; therefore, the development of longitu-
dinal forces in the train is avoided.

6. The use of the suggested locomotive slip and slide 
protection system ensures optimal and steady trac-
tive force control.

7. The suggested locomotive slip and slide protection 
system ensures an increasing of railway traffic safe-
ty and decreasing the wear/fatigue of the rails and 
wheel-sets as well as the maintenance and repair costs.
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