
Methods for solving mathematical Laplace 
equation for calculating transient process of 
short-term braking mode of traction electric 
motors (KTR TED) of diesel locomotive of TE10 
type 

Utkir Safarov*, and Nikolay Julenev  

Tashkent State Transport University, Tashkent, Uzbekistan 

Abstract. In this article, ways to improve the device's efficiency for 
damping the field of a traction generator were considered. In the developed 
solution, containing a traction generator with an independent excitation 
winding, in parallel with which traction motors are switched on by power 
contacts that are switched off with a time delay, a power contact, switched 
from the first position from the controller, an excitation contactor, in the 

circuit of which the protection of the diesel generator set is connected in 
series, adjustable traction generator field damping resistance, connected in 
series in the conductive direction between the minus of the exciter and the 
traction generator field damping resistance, a diode, as well as excitation 
weakening contactors, switched on by the contacts of differential relays of 
the first and second stages for the current and voltage of the traction 
generator, connecting resistance power contacts parallel to the traction 
windings motors, and normally - open auxiliary contacts are connected 
parallel to the parts of the adjustable resistance to damping the field of the 

traction generator. 

1 Introduction 

This article considered ways to improve the traction generator field damping device's 

efficiency. In the developed solution, containing a traction generator with an independent 

excitation winding, in parallel with which traction motors are switched on by power 
contacts that are switched off with a time delay, a power contact, switched from the first 

position from the controller, an excitation contactor, in the circuit of which the protection of 

the diesel generator set is connected in series, adjustable traction generator field damping 

resistance, connected in series in the conductive direction between the minus of the exciter 

and the traction generator field damping resistance, a diode, as well as excitation weakening 

contactors, switched on by the contacts of differential relays of the first and second stages 

for the current and voltage of the traction generator, connecting resistance power contacts 

parallel to the traction windings motors, and normally - open auxiliary contacts are 
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connected parallel to the parts of the adjustable resistance to damping the field of the 

traction generator. 

Initial data: 

- justification and drawing up the equivalent circuit of the power circuit for the 

calculation of transients; 

- drawing up equations and solving them in a general form; 

- analysis of the solution of equations. 

Accepted assumptions: 

- real TEDs are replaced by conditional ones [1]  

- PC train contactors are on during the entire transition process; 

- TEDs have the same electromechanical characteristics and winding parameters; 
- magnetization curves of the traction generator and TED are linearized [1] 

- the degree of weakening of the magnetic flux of all TEDs is the same and is 

determined by one resistor Rsh ; 

- pretransition mode of locomotive operation at t-0 is stationary; 

- the magnetic flux dissipation factor remains constant [1] 

- switching the traction generator's excitation contactor is carried out instantly. This 

assumption does not distort the essence of the transient process under study, affecting only 

the initial values of the currents [2];  

- the traction generator operates on emergency excitation. 

Based on the assumptions made, the circuit in Figure 1.a corresponds to simultaneous, 

and circuit in Figure 1.b corresponds to non-simultaneous switching of the contact groups 

of the contactor VSH. The index "P" denotes the real, and the index "U" the conditional 
TED. 

For simultaneous switching of contact groups, the parameters of the windings of the real 

and conditional TED: 
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Where n=6- is the number of parallel branches of TED; LpRp, - - resistance and 

inductance of the corresponding winding of a real TED. 

In the case of non-simultaneous switching, the "R" index corresponds to one TED, in 

which the contact group of the contactor VSH switches earlier than others and operates in 

the PP mode. The index "Y" denotes a conditional TED, replacing all the others, the contact 

groups of which have not yet been switched. The winding parameters of the conditional 

TED, in this case, are equal to: 
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Fig. 1. Substitution schemes for the power of the circuit of diesel locomotives of the TE10 type when 
the excitation of the traction generator is turned off: a) with simultaneous switching of contact groups 
R; b) in case of non-simultaneous switching of contact groups R. 
 

For the occurrence of CTE TED when the excitation of the traction generator is turned 

off, the following condition must be met: 

 

dt

dФ

dt

dФ дГ     (3) 

 

which corresponds to a faster attenuation of the generator )(tU Г
 voltage than the 

counter-emf of the TED. The laws of change )(tUГ
 and )(tд  are taken exponential: 

 
𝑈г(𝑡) = 𝑈0𝑒

−𝛼Г𝑡; 𝑒д(𝑡) = 𝐸0𝑒
−∝0𝑡;    (4) 

 

where U0, E0 are the voltage of the traction generator and the counter emf of the TED at 

t=0+; дГ  ,  are coefficients of attenuation of the generator voltage and counter emf of 

TED. 

The possibility of adopting laws of change )(tU Г
and )(tед  verified as follows.  

During the tests, the voltage of the traction generator and the counter-emf of the TED 

were oscillographed during the disconnection of the train contactors without time delay 

after the excitation of the traction generator was turned off. 

The laws were checked using the "stretched thread" method [3] [35] Figure 2 shows 

graphs )(tUГ  and )(tед  and on semi-logarithmic paper with straight lines, which 

corresponds to the function y = aּex. 

Contactors VSH are switched on during the entire transient process of KTR TED. The 

studied transient process will be described by a linearized system of equations. 
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Taking into account (2.4.), the system of equations (2.5.) can be written in the form: 
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Where i1 is the current of the armature and additional poles (DP) of the TED; i2 is excitation 

winding current of TEM;i3 is current of the resistor shunting the OF TED; дL is armature 

inductance and DP TED; овL is inductance of OV TED; 
Г

L is inductance of the armature 

and DP of the traction generator;
ГR is resistance of the armature and DP of the traction 

generator; шR is resistance of the resistor shunting the OF TED.  

 
Fig. 2. Voltage attenuation of the traction generator and counter-emf of the TED operating in the OP 
mode of locomotives of the TE10 type 

 

Image of the system of equations (6) according to Laplace [4]: 
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Compose the image of the armature current function )(1 рI : 
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where: )(1 рД - determinant of the excitatory function; )( рД - determinant of the 

characteristic function. 

Let's find expressions )( рД  and )(1 рД : 
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Expanding the determinant )( рД  equating it to zero, we obtain the characteristic 

equation 02  сврар , where: 
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Let's find the exciting function: 
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Expanding the determinant gives: 
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The image of the current I1(P) taking into account (10) and (11) and the equality in them 

A=a. 
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Let us determine the parameters of the windings of the traction generator and the TED 
to calculate the roots of the characteristic equation (10) as applied to a diesel locomotive of 

the TE10 type. 

The inductance of the овL  TED is determined from the magnetization curve of the TED 

from the equation: 

 

.
di

dФ
Lов 

 
 

The inductance of the armature windings of the traction generator and TED is 

determined by the formula [6]: 
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The inductance of the DC is determined by the formula [7]: 
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265.0     (15) 

 

Conditional TED inductance
 дL
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The inductance 
ГL  traction generator: 

 

ГLLL дпГЯГГ

310963.0    (17) 

 

The value of the resistance шГд RRR ,,  conditional TED we will accept 

according to [8]. 

 

;10283.3

;10185.2

31

3

ОmR

OmR

ОП

ш

Г








 

.10533.1

;1052.3

32

3

OmR

OmR

OП

ш

д








  (18) 

 

Substituting the values of the parameters of the windings of the traction generator and 

TED in (10), we obtain: 
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Formula (13) of the current image
 

)(1 pI  taking into account (19), we rewrite in the 

form: 
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In the transition from the image of the current I1(р to the original i1(t) we use here and 

below the formula: 
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Where: 
)(
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pN

pM  is rational fraction with simple poles ),...2,1( qkpk   

РK is root of the equation N(р)=0  

 

The original current )(1 ti  will look like this: 
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The solution consists of four exponents decreasing in time t. 

Taking expression (22) to zero and solving it concerning time t, we find the moment 

when the current i1(t) passes through zero: 
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Where 
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As a result of the logarithm, we get: 
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The final expression for the time t, at which )(1 ti the current passes through zero is 
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The maximum reverse current amplitude is determined if the derivative of expression 

(22) is set equal to zero: 
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As a result of the logarithm, we get: 
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The time t, at which the current )(1 ti  reaches its maximum value is: 
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The maximum reverse current amplitude in relative units is: 
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With the simultaneous disconnection of the contact groups of the contactor R, the 

equivalent circuit shown in Figure 1.a is valid, in which the non-linear arc resistance is 

switched on in series with the resistor RSH. The expression for the current i1(t) with a 

linearized arc characteristic will look like: 
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where, 141 ,   дkk  are coefficients that differ from the previous ones in that during 

their operation, the value of the resistor R is increased by the value of the linearized arc 

resistance; дkk   141 ,  coefficients having the same values as in equation (22); i1(0) 

is the initial value of the current before switching the contactor R. 

2 Conclusion 

The burning of the arc before the transition of the current of the armature of the TED to the 

region of negative values, on the contacts of the VSH, following the value of the dynamic 

resistance of the arc дR  , reduces the value of the armature current in the region of 

negative values and accelerates (within the arc burning) the flow of the transient. This was 
implemented in circuit solutions of the sequence of switching contactors in the circuit 

diagrams for controlling contactors of diesel locomotives of the TE10 type. 
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