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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In large Industrial motors inter turn and turn to ground insulation failures are caused by dielectric stresses. The main cause of 
dielectric stress in motor winding is steep fronted switching surges. Steep fronted surges cause uneven voltage distribution in the 
motor coil. In order to evaluate electric stress on inter turn insulation of the  line end coil of high power induction motors  an 
Electromagnetic Transient Program (EMTP™) is used. In this paper an 11 kV motor coil having 9 turns is used for experimental 
and theoretical analysis. For theoretical analysis motor coil having nine turns is represented as an equivalent electrical network 
with inductance, mutual coupling as well as shunt and series capacitance. Each turn is denoted by the self inductance, mutual 
coupling to other turns, series capacitance and its capacitance to ground. The network is solved analytically with the help of 
EMTP™ for various surge rise times. The effect of surge voltage distribution for different rise times is discussed. Comparison of 
computed and measured results with impulse voltage also discussed.  
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1. Introduction 

 Large scale industries need high power motors like 6.6 kV, 11 kV etc. The switching on and off operations of 
motors through circuit breakers leads to generation of surges. Severity of surge voltage depends on type of circuit 
breaker used and the electrical parameters of the circuit. Steep fronted surge voltages propagates along the cable and 
reach the motor terminal and there by stress the inter turn insulation of the stator winding. It is found that stator 
insulation accounted for approximately one third of all motors failure. Under normal conditions the voltage 
distribution in a line end coil is uniform and the inter turn voltages are low. Under abnormal conditions voltage 
distribution in a line end coil is non- uniform and voltage drops may be high in few turns. Turn to turn failure 

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

www.elsevier.com/locate/procedia 

 

1876-6102© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe scientific committee of the 1st International Conference on Power Engineering, Computing and CONtrol. 

Experimental and Theoretical Investigation of Transient 
Voltage Distribution in an 11 kV Industrial Motor Winding 

 

MD Sajid a*, B.P.Singhb, M.Suryakalavathic 

ª *Assistant Professor, Electrical Engineering Department, MJCET, sajideed@mjcollege.ac.in, India 

                   b Professor, Department of Electrical Engineering , St.Martins  Engineering College, India 

           c Professor, Department of Electrical Engineering, JNTUH, India 

Abstract 

In large Industrial motors inter turn and turn to ground insulation failures are caused by dielectric stresses. The main cause of 
dielectric stress in motor winding is steep fronted switching surges. Steep fronted surges cause uneven voltage distribution in the 
motor coil. In order to evaluate electric stress on inter turn insulation of the  line end coil of high power induction motors  an 
Electromagnetic Transient Program (EMTP™) is used. In this paper an 11 kV motor coil having 9 turns is used for experimental 
and theoretical analysis. For theoretical analysis motor coil having nine turns is represented as an equivalent electrical network 
with inductance, mutual coupling as well as shunt and series capacitance. Each turn is denoted by the self inductance, mutual 
coupling to other turns, series capacitance and its capacitance to ground. The network is solved analytically with the help of 
EMTP™ for various surge rise times. The effect of surge voltage distribution for different rise times is discussed. Comparison of 
computed and measured results with impulse voltage also discussed.  
 
© 2017 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility ofthe scientific committee of the 1st International Conference on Power Engineering, 
Computing and CONtrol. 

Keywords: Voltage stress, 11 kV Industrial motor, EMTP™, insulation failure, nine turn coil. 

1. Introduction 

 Large scale industries need high power motors like 6.6 kV, 11 kV etc. The switching on and off operations of 
motors through circuit breakers leads to generation of surges. Severity of surge voltage depends on type of circuit 
breaker used and the electrical parameters of the circuit. Steep fronted surge voltages propagates along the cable and 
reach the motor terminal and there by stress the inter turn insulation of the stator winding. It is found that stator 
insulation accounted for approximately one third of all motors failure. Under normal conditions the voltage 
distribution in a line end coil is uniform and the inter turn voltages are low. Under abnormal conditions voltage 
distribution in a line end coil is non- uniform and voltage drops may be high in few turns. Turn to turn failure 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.05.138&domain=pdf


322 M.D. Sajid  et al. / Energy Procedia 117 (2017) 321–328
2 MD Sajid/ Energy Procedia00 (2017) 000–000 

insulation failure caused either imperfection in the design of insulation or by the dielectric stress which is larger than 
the design attentive. Probability of insulation failure is proportional to severity of surge voltage or repetitive surge 
distribution in the winding. Several authors reported surge voltage distribution in the winding. The possibility of 
occurrence of transient over voltage [1-2] depends on the different components used in the system. It is noticed that 
over voltages exceed the basic insulation level (BIL) of the transformer. Teocharis et.al [3] reported that severity is 
increased for short length cable connected system. There is influence of motor parameter [4] on surge voltage 
distribution in the motor winding. Authors [5] reported that switching surges stress the turn-turn and turn- ground 
insulation beyond its withstanding capability. It is found that surge voltage at breaker terminal is higher than motor 
terminal. Group of coils are selected [6] for voltage endurance test. Report suggested that coils having pencil-thin 
insulation have failed at 20 kV.  Multi break vacuum switch [7] used in the system shows high dielectric strength 
restoration during switching operations. For waves with rise time 0.1 µs, the withstand voltages [8] are of the order 
of 5 p.u. and more. According to Carlo Petrarca et al. [9] voltage stress is higher at few turns compared to other 
turns in the same coil. The distribution based upon the rise time of the impinging surge and motor parameters. It is 
therefore a matter of growing concern to motor designer to know the magnitude of over voltage and its steepness 
likely to appear at the motor terminals. Voltage distribution [10-13] becomes distinctly non-linear across turns 
within a coil for surge fronts below 1 µs, whereas non-uniformity across coils begins for surge fronts shorter than 
about 3 µs. This requires further investigations for computing the influence of fast surges on the motor winding 
insulation. Thus inter turn insulation of the winding has to be designed so as to withstand the stresses caused by fast 
surge voltages. For this purpose the inter turn and turn to ground voltages developed under these conditions need to 
be evaluated.  
The present paper discusses the transient over voltage distribution in an 11 kV industrial motor stator winding. For 
this, inter turn and turn to ground voltages of an 11 kV motor coil are calculated using Electromagnetic Transient 
Program (EMTP™). The parameters of equivalent electrical circuit, like series capacitance, shunt capacitance, self 
inductance of each turn of the coil and mutual inductances between individual turns are calculated.  
 
2.0 Modeling of 11 kV motor coil 
 
A. Geometrical description of the coil 
 
A nine turn coil of 11 kV motor used in experiment is shown in Figure 1. 
 

 
           Fig.1. Snap of a typical 11 kV motor coil 

 
B.  Circuit representation 
A general arrangement of turns and coil sides of a stator is shown in Figure 2 and an equivalent electric circuit of 11 
kV motor 9 turn coil which is implemented in EMTP is shown in Figure 3. 
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