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Abstract—High  voltage  motors  are  normally  used  
to drive water pumps, thermal power stations as 
auxiliaries, fans and other auxiliary items. The steep 
fronted transients such as switching over-voltages 
originate at the terminals of circuit-breaker. Failures 
of many high-voltage motors have been blamed on 
switching over-voltages. The increasing use of 
circuit- breakers requires the protection from 
switching over-voltage caused by prestrike and 
restrike of the switch contacts. The sloping or 
limiting of the wave-front provides the protection for 
turn to turn insulation and ground insulation by 
distributing the switching surge voltage across many 
turns adjacent to the line end. It is possible by using 
the suitable protective devices such as capacitance, 
resistance-capacitance. Impulse voltage of 225 kV, 
0.1/50 µs for 6.6 kV motor is generated and fed to the 
distributed winding of motor with protective devices 
and measured the line end coil and turn voltages. This 
paper presents a computer simulation study of 
switching and impulse voltage using MATLAB 
software package. 
 
Index  Terms—Steep Fronted Transients  and 
Simulation Tool 
 
 
I.  INTRODUCTION 
 
VER voltages are generated at the circuit breaker 
terminals during its on and off operation which feds 
to the high voltage motors. Voltage penetrates into 
thewinding as a travelling wave and its wave 
propagation velocities are in the range 10 to 40 µs in 
that part of the winding embedded in the core [1]. 
Most high voltage motors rated 3 KV and above and 
many small generators, have stators with preformed 
multi-turn coils. 
The insulation system for such a coil consists of 
ground wall insulation and turn to turn insulation. 
The ground insulation is the major component 
separating the winding from the grounded core. The 
turn to turn insulation is usually much thinner and 
prevents the individual turns from contacting one 
another. Typically, the voltage among the turns is 
only several tens of volts ac under normal operating 
conditions. Failure of the turn to turn insulation 
results in heavy circulating currents through the 
faulted coil, causing overheating, which deteriorates 
the ground-wall insulation. 
An RLC circuit model is used to determine the 

voltage distribution among the turns. The model 
consists of the turn resistance, the inductance per turn 
and mutual inductances, the turn to turn capacitances 
and the turn to ground capacitances. Each turn of the 
coil is modeled as an RLC circuit, whose parameters 
are determined from differential wave model [1-5]. 
 
II.  SYSTEM DEVELO PMENT 
 
Figure 1 shows simulation model which consists of 
four parts: an impulse generator, a cable, surge 
protection and motor as per IEC circuit for single 
phase. An impulse generator generates impulse 
voltage for input given to motor. All protective 
devices are modeled by using the MATLAB software 
for surge protection. And motor is designed by 
Lumped Parameter Model [1]. 
 

 
Figure 1: Impulse Generator with Distributed 
Winding Para-Meters and Protective Devices 
 
Figure 2 shows an impulse generator which consists 
of generator storage capacitor [Cs], load capacitor 
[Cb], front resistor [Re], tail resistor [Rd] and circuit 
breaker for generating switching impulse voltage [8]. 
Where, is the length of turn conductor, d is the inter-
conductor gap between adjacent coils, and h is the 
total height of the coil cross -section. 
The capacitance for a turn is estimated as 
 

 
Figure 2: Impulse Generator 
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III.  LUMPED PARAMETER MO DEL 
 
This section describes the development of equivalent 
circuit model to study the voltage distribution among 
the turns of a coil. Figure 3 shows the RLC model for 
an elementary coil with six turns. 
 

 
Figure 3: Lumped Parameter Model of a Coil 

 
The equivalent circuit includes the turn inductance Lt, 
the mutual inductance between the turns, the turn 
capacitances Ct, the turn to ground capacitances Cg, 
turn resistance Rt and the load resistance Rpt. 
 

The turn inductance Lt is estimated by assuming 
that eddy currents in immediately adjacent coils in the 
overhang, and in the iron in the slot sections, exclude 
flux from these regions. Flux therefore exists 
primarily in the inter coil space in the overhang and 
in the region occupied by ground-wall insulation in 
the slot sections. With the latter representing a much 
smaller cross sectional area than the former, the 
inductance contribution from the slot sections is 
negligible. Therefore the inductance for a turn is 
estimated as 

Table 1 shows the values for the equivalent circuit 
parameters used to make simulations. 
 

T ABLE I 
T HE P ARAMETERS OF EQUIVALENT 

CIRCUIT 

 
 
 
IV.  SIMULATIO N RESULTS 
 
The distribution of steep-fronted surges in the coils of 
a machine winding is governed by the propagation of 
the surge along the individual turns of the coil. The 
initial voltage distribution, that is, the voltage 
distribution before the surge has had time to 
propagate along the turns, is mainly governed by the 
mutual coupling between turns. It is an instantaneous 
voltage distribution in that the voltage appearing at 
the beginning of the first turn is instantaneously 
voltage distributed through the turns and coil. This 
type of distribution can be seen in the Figure 5, 7. 
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Sometimes later, depending upon which turn is being 
considered, the effect of the surge travelling along the 
individual turns and coil can be seen. Figure 5 shows 
in the entrance turns, turns 1, when the wave-front 
duration is of the same order as the wave travel time 
of a turn, it is difficult to separate the effects of 
mutual coupling and wave propagation. 
 

When considering turn to turn voltages, it is the 
wave propagated along the turns and coil that is the 
dominant effect giving rise to high inter-turn 
voltages. This effect is indicated in Figure 5, 6. The 
voltage wave entering the last coil, Figure 8, has a 
very slow wave-front due to the wave front sloping 
effect of the line-end coil. Consequently, it is to be 
expected that the turn to turn voltages in this coil 
would be substantially less than in the line-end coil. 
 

Figure 9, 10, 11 and 12 shows the steep fronted 
voltage across the turn 1, last turn, coil 1 and last coil 
with capacitor of 0.05 µf connected at motor 
terminal. With the uses of this protecting device 
increases the risetime and decreases the impulse 
surge strength. Figure 13, 14, 15, 16 shows the steep 

fronted voltage across the turn 1, last turn, coil 1 and 
last coil with resistance of 0.1 Ω and capacitance of 
0.5 µf connected at motor terminal. With the uses of 
this protecting device also increase the risetime and 
decreases the impulse surge strength as compared 
with the capacitor protection. 
 

Table 2 shows the steep fronted voltage 
distribution across the turn 1, last turn, coil 1, last 
coil without protection and with protection mode. 
 

TABLE II 
VOLTAGE DISTRIBUTION WITH 

PROTECTIONS 

 
 
V.  CO NCLUSIO NS 
 

A simplified analysis for predicting the turn to turn 
voltages produced in the line-end coil of a machine 
winding subject to impulse voltage has been 
described. Simulations are made at 0.1 µs rise time 
because at lesser times there are negligible variations 
in the results. Rise-time of generated impulse is 
increased with cable and motor connections because 
of their capacitances . The risetime of impulse 
increases and decreases the impulse surge strength 
with the help of capacitance as protective device. 
 

The voltage stress at the first turn is maximum and 
then decreases thereafter. Hence it is necessary to 
give better insulation for the line-end coil. 
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