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Abstract – When the inter-turn short circuit (ITSC) fault occurs, the distortion of the magnetic field is 
serious. The motor loss variations of each part are obvious, and the motor temperature field is also 
affected. In order to obtain the influence of the ITSC fault on the motor temperature distribution, 
firstly, the normal and the fault finite element models of the permanent magnet synchronous motor 
(PMSM) were established. The magnetic density distribution and the eddy current density distribution 
were analyzed, and the mechanism of loss change was revealed. The effects of different forms and 
degrees of the fault on the loss were obtained. Based on the loss analysis, the motor temperature field 
calculation model was established, and the motor temperature change considering the loop current was 
analyzed. The influence of the fault on the motor temperature distribution was revealed. The sensitivity 
factors that limit the motor continuous operation were obtained. Finally, the correctness of the 
simulation was verified by experiments. The conclusions obtained are of great significance for the fault 
and high temperature demagnetization of the permanent magnet analysis. 
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1. Introduction 
 
PMSM has the characteristics of small volume, high 

power density and stable operation compared with the 
traditional electrical excitation motor. It is widely used in 
industrial production and aerospace field. The research 
and development of the PMSM is of great significance. 
Because the motor is affected by the limit of the machining 
process and the working state during the manufacturing 
and using process, the fault rate increases. Among the fault, 
the ITSC fault occurs frequently because of the insulation 
aging, over voltage shock and mechanical vibration, and it 
has become one of the major concerns of the electrical fault 
[1]. So it is very necessary to study the ITSC fault. 

Many experts have carried out the research on the 
ITSC fault. Reference [2] investigated the irreversible 
demagnetization of a permanent magnet brushless DC 
motor under inter turn fault condition. Reference [3] 
investigated the impacts of the fault on the rotor current, 
stator current, and torque of the motor. Reference [4] 
analyzed the characteristics of the inter turn short circuit 
fault based on the PMSM structure algorithm. There are 
also some experts who studied the fault diagnosis methods, 

reference [5] presented the ITSC fault detection in PMSM 
using an open-loop physics-based back EMF estimator, 
and it can determine the intensity and the index of faulty 
phase instantaneously. Reference [6] presented a method 
to detect the ITSC faults automatically and to estimate 
the severity of the fault by using an artificial neural 
network - based on pattern recognition system. Reference 
[7] presented an ITSC fault diagnosis strategy with online 
and offline detection methods for the interior PMSM. 
Reference [8] proposed a model-based approach to detect 
and diagnose stator winding fault in the brushless wound-
field synchronous generator. Some experts have taken 
measures to weaken the impact of fault. Reference [9] 
presented a method of mitigating and alleviating the 
effects produced by a ITSC in a fault tolerant PMSM 
with single layer concentrated windings. Reference [10] 
investigated a vertical winding design to limit inter turn 
short circuit fault current to its rated value. Reference 
[11] investigated the influence of the slot/pole combination 
on the ITSC current in fault tolerant permanent magnet 
machines. They have not fully analyzed the influence of 
the ITSC fault taking into account the loop current on the 
motor loss and temperature rise. Reference [12] modeled 
the different modes of ITSC faults, and the motor current, 
phase voltage and electromagnetic torque were analyzed by 
the analytic method and the finite element method. In this 
paper, the difference from reference [12] is that the single 
conductor induced electromotive force (EMF) is large, and 
the loop current value is very large. The damage to the 
motor is even more serious. The motor loss of each part 
and the motor temperature field were analyzed.  
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Based on the finite element method (FEM), the motor 
normal and fault models were established, and the magnetic 
flux density distribution and the eddy current density 
distribution under normal and fault condition were analyzed. 
The mechanism of the loss variation was revealed. The 
effects of different forms and degrees of the fault on the 
loss were obtained. Based on the loss analysis, the motor 
temperature field calculation model was established, and 
the motor temperature change was analyzed. The influence 
mechanism of the fault on the motor temperature distribution 
was revealed, and the sensitivity factors that limit the 
motor continuous operation were obtained. The correctness 
of the simulation was verified by experiments. The 
conclusions obtained are of great significance for the 
fault and high temperature demagnetization of the permanent 
magnet analysis.  

 
 

2. Model Establishment and Loss Analysis 
 
In this paper, there are two faults types. One type is that 

the conductors are series connection in the short circuit 
ring. There are two conductors whose insulation is damaged 
in the short circuit ring, as shown in the section A of Fig. 1. 
The other type is that the conductors are parallel connection 
in the short circuit ring. The all conductors’ insulation is 
broken in the short circuit ring, as shown in the section B 
of Fig. 1. if is the loop current. 

The loss generation mechanism and the loss variation 
with the change of the fault degree are analyzed as follows. 

 
2.1 Stator core loss 

 
Because the stator core is made of silicon steel sheet 

with high resistivity and good magnetic conductivity, eddy 
current losses in the stator are greatly reduced. The core 
loss of the PMSM is mainly composed of hysteresis loss. 
Because the relationship between the hysteresis loss and 
the magnetic field strength is close, the magnetic field 
strength is affected by the fault, and the hysteresis loss can 
also change. The magnetic field distributions under normal 
condition and fault condition are shown in Fig. 2. 

Fig. 2 shows the magnetic force line distribution under 
normal operation condition and fault operation condition 
that the most serious short circuit fault appears in the 
single layer and single slot. Fault A is that the conductors 
of the short circuit loop are connected in parallel, and the 
fault B is that the conductors of the short circuit loop are 
connected in series. The difference of magnetic field 
distribution between the normal and fault operation is 
significant. The motor magnetic field distribution is 
symmetric under normal operating condition. When the 
fault occurs, due to the three-phase current asymmetry and 
the loop current, the magnetic field symmetry is damaged. 
The magnetic lines in the fault region appear obvious 
distortion. Because the magnetomotive force of the armature 

Table 1. Parameters of the model 

Parameters Value 
Rated power(kW) 10 

Rated speed(r/min) 2000 
Pole number 8 

Axial length(mm) 102 
Rotor magnetic circuit structure Surface-mounted type 

Stator diameter(mm) 180 
Stator inner diameter(mm) 103 

Slot number 36 
Number of parallel branches 1 

Winding connection type Y 
 

 
Fig. 1. The finite element model and the fault sketches 

Normal operation Fault operation A

Fault region

Fault operation B

Fault region

 
Fig. 2. The magnetic force line distribution 
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Fig. 3. The motor magnetic field distribution under different

conditions 
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winding when the short circuit ring is connected in series is 
the same as that of connected in parallel, the magnetic field 
distribution of the two fault types is consistent. In order to 
observe the saturation of the motor magnetic field more 
clearly, the variation of the magnetic field distribution 
before and after the fault is shown in Fig. 3. 

When the motor operates under rated load condition, the 
magnetic field distribution is symmetrical. The symmetry 
of the magnetic field is damaged when the fault occurs, and 
the magnetic saturation is serious in the stator teeth. The 
magnetic density in local region is even more than 2T. 
Because the hysteresis loss is affected by the magnetic 
field intensity [13], the hysteresis loss increases gradually 
with the deepening of the fault degree, while the degree of 
change is small. 

The motor core loss is 128W during the normal 
operation. With the deepening of the fault degree, the core 
loss increases gradually. The core loss is 137W when the 
short circuit fault occurs and the number of the short circuit 
turns is 10. The core loss increases by 7.03% compared 
with that of under normal condition. 

 
2.2 Eddy current loss 

 
The magnetic field of PMSM is divided into two parts. 

The main magnetic field is generated by the rotor 
permanent magnet, and it rotates synchronously with the 
motor rotor. It could not form eddy current on the rotor 
surface. The other part of the magnetic field is the harmonic 
magnetic field, which does not rotate synchronously with 
the rotor. The harmonic magnetic field is mainly divided 
into harmonic magnetic field generated by the cogging 
harmonics, magnetic field generated by the armature 
current time harmonics, as well as the motor space 

harmonic magnetic field. The induced EMF and the eddy 
current in the conductors are induced by the alternating 
magnetic flux, and then the eddy current loss is formed. 
The rotor of the PMSM is also made of silicon steel sheet, 
which is similar to that of the stator, and the eddy current 
loss can be ignored. The permanent magnet is sintered by 
the Nd-Fe-B, and the electric conductivity of the Nd-Fe-B 
is 625000 S/m. Its electrical conductive property is good. 
The sleeve is made of alloy material, and its electrical 
conductive property is better than that of the permanent 
magnet. The eddy current loss is mainly formed in the 
permanent magnet and the sleeve. The rotor eddy current 
density distributions under different conditions are shown 
in Fig. 4. 

During the calculation, the eddy current losses in the 
rotor surface caused by the harmonics in the air gap field 
are calculated by the “(1)” in a cycle [14]. 
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where Pe is the rotor eddy current losses (in W), Je is the 
current density in each element (in A/m2), ∆e is the element 
area (in m2), lt is the rotor axial length (in meter), σr is the 
conductivity of the eddy current zone (in S/m), Te is the 
time vary period of eddy current density in each element. 

Under normal condition, the rotor eddy current density 
distributes symmetrically in the circumferential direction, 
and the maximum value is 1.67 × 106 A/m2. With the 
deepening of the fault degree, the eddy current density 
increases, and the eddy current loss increases. The change 
of the rotor eddy current loss with the change of the fault 
degree is shown in Table 2. 

Under normal operating condition, the rotor eddy current 
loss is 11W. With the deepening of the fault degree, the 
effect of the loop current is more obvious. Because of the 
influence of the pulse magnetic field generated by the 
loop current on the eddy current density, the eddy current 
density in the fault region changes obviously. When the 
most serious ITSC fault occurs in the single slot and 
single layer, the eddy current density distribution of the 
fault region is obviously different from that of in the other 
normal region. The peak value of the rotor eddy current 
density is 5.22×106A/m2, which increases by 2.13 times 
compared with that of under normal operation. The rotor 
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Fig. 4. The rotor eddy current density distribution 

Table 2. Effect of faults on the eddy current loss 

Short circuit turns Eddy current density 
(106A/m2) 

Eddy current loss  
(W) 

0 1.67 11 
2 1.91 24 
4 2.42 58.9 
5 2.67 80.8 
6 2.89 104.1 
8 4.31 150.1 
10 5.22 195.1 
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permanent magnet eddy current loss increases to 195.1W. 
It is 16.7 times as much as that of under normal operation. 

 
2.3 Copper loss  

 
Basically all of the armature circuit material is made of 

copper, so the generation of the copper loss is inevitable. 
The copper loss is one of the most important heat sources 
in the motor, and the temperature rise caused by the copper 
loss is large. This paper studies the ITSC fault and the 
motor copper loss, which is divided into two parts. On the 
one hand, some part of the copper loss will be generated in 
the armature winding when the current flows. On the other 
hand, because the short circuit ring resistance is small, the 
loop current is very large, and the copper loss of short 
circuit ring is also considerable. Because the induced 
EMF and current of the short circuit ring and the normal 
armature winding were analyzed in detail when the ITSC 
fault occurs in the previous work, this paper does not 
repeat it. The variation of the copper loss of the three-phase 
armature windings with the deepening of the fault degree is 
shown in Table 3. The copper loss can be obtained by 

 
 2p 3Cu at ir I= ∑   (2) 

 
where Ii contains the fundamental component and the 
harmonic components of the phase current, and rat represents 
the phase resistance at operating temperature. 

The three-phase currents are balanced under normal 
condition, and the phase resistances are 164.35 mΩ. The 
copper losses of the three-phase windings are equal, and 
the copper loss of the single phase is 63.4 W. The loop 
current has a serious impact on the magnetic field when the 
fault occurs, and the balance of the magnetic field has been 
destroyed. The degree of the three-phase currents balance 
is affected, and the three-phase winding copper loss values 
are different. The copper loss increases gradually with the 
deepening of the fault degree. When the most serious ITSC 
fault occurs in the single slot and single layer, taking the 
A phase winding fault as an example, A phase winding 
copper loss changes significantly, and the value is as 1.44 
times as that of under normal operation. The winding 
copper losses of B and C phase are increased by 23.5% and 
13.2% respectively compared with that of under normal 
condition. 

The short circuit ring resistance is 12.33 mΩ. Ignoring 
the impact of the short circuit ring inductance, when the 
most minor short circuit fault that the number of the short 
circuit turns is 1 occurs, the induced voltage of the short 

circuit ring is 1.68V. The short circuit ring copper loss is 
more than 200W. Due to the influence of the armature 
reaction, the copper loss of the short circuit ring shows a 
nonlinear increasing trend with the deepening of the fault 
degree. 

 
 

3. The Temperature Field Distributions 
 
The motor stator windings are separated by the insulating 

material. The insulation level under different working 
conditions and environments is different. When the 
operating temperature exceeds the maximum tolerance 
temperature of the permanent magnet, demagnetization 
phenomenon of the permanent magnet will occur. The 
ITSC fault has great influence on the motor temperature 
distribution. The temperature rise is a major factor that 
threatens the magnetic property of the permanent magnet, 
the winding insulation, stable operation and the service 
life of the PMSM. Based on the above mentioned loss 
calculated results, the motor temperature distribution 
under different working conditions by using the FEM is 
analyzed. It is very important to obtain the temperature 
of each component of the motor, which provides the 
fundamental to find out the sensitive factors that limit the 
motor continuous operation. 

 
3.1 Temperature field model 

 
In order to simplify the analysis and calculation of the 

temperature field, the following assumptions are proposed 
[15]. 

(1) The motor is continuous along axial direction, and the 
axial temperature gradient is zero. 

(2) Material is isotropic; influence of temperature on 
thermal conductivity is ignored. 

Based on above assumptions, the 2-D model could be 
established adopting the FEM. Heat transfer equation can 
be expressed as 

 

Table 3. Effect of fault degree on the copper loss 

Short circuit 
turns 

A phase copper 
loss (W) 

B phase copper 
loss (W) 

C phase copper 
loss (W) 

0 63.4 63.4 63.4 
5 91.1 78.3 71.8 
10 115.3 91.2 79.8 

Short circuit fault 
region

Motor shell

WindingShaft

Permanent magnet

Rotor yoke

Air gap

Lightening hole

Cooling rib
Stator yoke

Sleeve

Nodes:13117 Elements:25564

 
Fig. 5. The motor temperature field model 
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where T is the body temperature (in °C), λ  is thermal 
conductivity coefficient [in W/(m*°C)], qV is the heat 
generation density (in W/m2), the stator outer surface is air 
natural convection heat dissipation, the third boundary 
condition is given as Γ (the stator outer circle boundary), n 
is unit normal vector on the shell surface, α is heat transfer 
coefficient, Tf is temperature of the circumstance (in °C), S1 
is adiabatic surface, S2 is cooling surface. 

 
3.2 The calculation result of the temperature field 

 
Whether the conductors in the short circuit ring are 

connected to each other in parallel or in series, when the 
short circuit fault degree is the same the armature winding 
magnetomotive force is equal. The motor magnetic field 
distribution in the two fault types is consistent, and the 
temperature distribution is the same. In order to analyze the 
influence of the fault on the motor temperature field, the 
temperature distributions in the normal and fault operation 
are analyzed. The environmental temperature is 25°C. The 
temperature distributions under different conditions are 
shown in Fig. 6. 

Fig. 6 shows the motor temperature distributions under 
normal and fault conditions respectively. The fault degrees 
are divided into two levels, and the number of the short 
circuit turns is 1 and 2 respectively. The temperature 
distribution features under normal operation are as follows: 

(1) The winding temperature is the highest, and the value is 
83.1°C. As the copper loss of each phase is equal, the 
winding temperature distribution is uniform. 

(2) The rotor eddy current loss is only 11W under normal 
condition. Because the thermal conductivity of the 
air gap is poor, the heat generated in the rotor could 
not be dissipated in time. The permanent magnet 
temperature is 80.9°C and the shell temperature is 
69.6°C. 

 
The temperature distribution when the fault occurs is 

different from that of under normal operation. The motor 
overall temperature distribution increases significantly 
under fault condition, and the temperature rise of the short 
circuit ring is the most obvious. When the short circuit 
fault occurs and the number of the short circuit turns is 1, 
the maximum temperature of the short circuit ring is 
149.5°C, which increases by 1.8 times compared with that 
of under normal operation. The prototype insulation class 
is F, and the maximum temperature of the winding 
insulation that the motor can withstand is 155°C. The motor 
could continue operating. However, winding insulation is 
deteriorated gradually, and the motor service life will be 
shortened. The maximum temperature of the permanent 
magnet increases by 21.4%, and it is affected by the 
winding temperature rise obviously. 

When the number of the short circuit turns exceeds 1, 
the insulation of the short circuit ring will be severely 
damaged. When the number of the short circuit turns is 
2, the motor whole temperature is significantly higher 
than that when the number of short circuit turns is 1. The 
temperature rise of the short circuit ring is the most 
obvious, and the maximum temperature is 2.53 times of 
that of under normal operating condition. Because of the 
poor thermal conductivity of the air between winding 
layers, the temperature difference between the upper and 
lower two layers is obvious. The temperature has exceeded 
the insulation class of the prototype. The insulation of all 
windings in a slot is damaged, and the fault degree 
expands rapidly. The maximum temperature of the 
permanent magnet increases by 43.8%. 

With the deepening of the fault degree, the motor loss of 
each part increases gradually, and the temperature increases 
gradually. The winding insulation and the permanent 
magnet magnetic property will be severely affected, and 
the motor will eventually burn out. 

 
3.3 The sensitive factors limiting the motor operation 

 
After the fault occurrence, the sensitive factors that limit 

the motor continue operation are mainly: fault degree, 
winding insulation class and permanent magnet maximum 
tolerance temperature. 

When the fault degree is slight, the motor loss increase 
of each part is not obvious, and the heat generated during 
the operation can be dissipated in time by the motor 
ventilation system. The fault degree will not deepen, and 
the motor will continue operating. With the increase of the 
fault degree, the copper loss of the short circuit ring is very 
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Fig. 6. The temperature field distributions under normal 

and fault condition 
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large. The heat generated by the copper loss exceeds the 
motor heat dissipation capacity, and the heat could cause 
the non-recoverable damage to the motor. 

The winding insulation is divided into different classes 
according to different materials. The maximum temperature 
of the material with different insulation class that the 
material could withstand is different, and the fault 
tolerance is also different. The winding copper loss of the 
fault region is very large, and the temperature rise is 
obvious. So the high insulation class of the winding is a 
key factor to keep operating. 

Sintered Nd-Fe-B permanent magnet is sensitive to 
temperature. High temperature may cause different degrees 
of demagnetization which includes the reversible and the 
irreversible. When the fault occurs, a lot of eddy current 
loss will be generated in the permanent magnet and the 
sleeve. On the other hand, the rotor structure is not 
conducive to heat dissipation, which will make the rotor 
temperature rise. The maximum tolerance temperature of 
the prototype permanent magnet is 180°C. The tem-
perature change of the permanent magnet under different 
fault degrees is shown in Fig. 7. 

In normal operation, the permanent magnet temperature 
is 80.9°C. With the deepening of the fault degree, the 
permanent magnet temperature presents a nonlinear 
increasing trend gradually. The reason of the permanent 
magnet temperature rise is that the increase of the eddy 
current loss and the fault winding temperature heat 
conduction. Whether the short circuit rings connection is in 
series or in parallel, the permanent magnet temperature is 
178 °C when the number of the short circuit turn is 5. 
When the number of the short circuit turn exceeds 5 in 
the single slot and single layer, the permanent magnet 
demagnetization phenomenon will be serious. 

Because the prototype rated power is larger, by 
analyzing the three factors, the winding insulation class 
is the most important factor that limits the motor continue 
operating. The ITSC fault tolerance of the motor is 
relatively weak. 

 
 

4. Experimental Study 
 
In order to explore the effect of the ITSC fault on the 

temperature field of the PMSM, the loss and the tem-
perature rise of the PMSM are studied. The experiment 
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Fig. 8. The testing platform of the PMSM 

 

 
(a) No-load operation 

 
(b) 2kW load operation 

 
(c) 3kW load operation 

 
(d) 4kW load operation 

Fig. 9. Comparison between the data of simulation and 
experiment 
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adopts MX30 Ametek variable-frequency power, Magtrol 
dynamometer machine, YOKOGAWA power analyzer, DSP 
data acquisition system, Fluke thermal imaging instrument 
and other equipment to test the motor electromagnetic field 
and temperature field. The testing platform of the PMSM is 
shown in Fig. 8. 

The loop current of the short circuit ring is large when 
the ITSC fault occurs. In order to prevent the motor from 
burning down, a resistance of 36 mΩ is connected in series 
in the short circuit ring and the motor speed is 750 rpm. 

Through the above experimental platform of the PMSM, 
the data of the experiment and the simulation are compared. 
When the ITSC fault occurs and the number of the short 
circuit turns is 1 under load condition, the induced voltage 
and the loop current of the short circuit ring running at 
750rpm are shown in Fig. 9, Table 4 and Table 5. 

Through the analysis of the above data, it is concluded 
that the induced voltage and the experiment current are 
basically consistent with those of the simulation. 

The short circuit loop resistance of the simulation is 
constant and does not change with the temperature. In the 
experiment, due to the heat generation of the copper wire, 
the resistance value increases. There is a deviation between 
the experiment current and the simulation current. The 
error is less than 5%, which verifies the correctness of the 

simulation. 
In order to get the actual temperature rise of the PMSM, 

the motor operates under the rated load for a long time 
during the experiment. By comparing the experiment data 
with the simulation data, the correctness of the fault 
research is verified. The motor temperature distribution is 
measured by the infrared thermal imaging instrument, 
shown in Fig. 10. 

Because the motor internal heat source is more and the 
heat dissipation structure is complex, only the motor shell 
surface temperature is measured. By comparing the 
experiment data with the simulation data，the correctness 
of the temperature rise test is verified. The laboratory 
environment temperature is 25°C. From the temperature 
measured by the infrared thermal imager, it could be found 
that the maximum surface temperature of the motor shell is 
71.8°C and the finite element result is 69.6°C. The 
deviation rate is just 3.2%, which is within the allowable 
range of deviation in engineering. 

 
 

5. Conclusions 
 
In this paper, the following conclusions are obtained by 

studying the influence of the ITSC fault considering the 
loop current on the motor temperature field: 

(1) The magnetic field symmetry is destroyed when the 
fault occurs, and the magnetic saturation phenomenon 
is serious in the stator teeth. The magnetic density in 
local region is even more than 2T. The core loss presents 
a nonlinear increasing trend with the deepening of the 
fault degree. The core loss increases by 7.03% compared 
with that of the normal operation when the most 
serious fault occurs in the single slot and single layer. 

(2) With the deepening of the fault degree, the effect of the 
loop current is obvious gradually, and the eddy current 
density in the fault region changes obviously. The eddy 
current density distribution in the fault region is 
obviously different from that of the other normal 
region when the most serious ITSC fault occurs in the 
single slot and single layer. The maximum value of the 
eddy current density is 2.13 times greater than that of 
the normal condition. The rotor permanent magnet 
eddy current loss is 16.7 times as much as that of the 

Table 4. The experiment value and the simulation value of 
the induced voltage 

Operation 
state 

Experimental  
value (mV) 

Simulation value 
(mV) 

Variation 
rate 

No-load 646.9 651.9  0.77% 
2kW 641.6 639 0.41% 
3kW 631.5 634 0.4% 
4kW 636.2 626 1.6% 

 
Table 5. The experiment value and the simulation value of 

the loop current 

Operation 
state 

Experimental 
value (A) 

Simulation value 
(A) 

Variation 
rate 

No-load 13.13 13.57  3.35% 
2kW 13.11 13.36 1.91% 
3kW 13.01 13.21 1.54% 
4kW 12.95 13.04 0.69% 

 

Max=71.8
Avg=70.8
Min=69.8

 
Fig. 10. The temperature of the PMSM 

 
Fig. 11. The prototype photo and the ventilating system



Hongbo Qiu, Wenfei Yu, Bingxia Tang, Cunxiang Yang and Haiyang Zhao 

 http://www.jeet.or.kr │ 1573

normal operation. 
(3) When the slightest fault in a single slot occurs, the 

maximum temperature of the short circuit ring increases 
by 1.8 times compared with that of the normal 
operation. The maximum temperature of the permanent 
magnet increases by 21.4%. Once the fault degree 
continues deepening, the insulation of the short circuit 
loop will be severely damaged. When the number of the 
short circuit turns is 2, the motor whole temperature is 
significantly higher than that when the number of short 
circuit turns is 1. The temperature rise of the short 
circuit ring is the most obvious, and the maximum 
temperature is 2.53 times of that of the normal 
operating condition. The maximum temperature of the 
permanent magnet increases by 43.8%. The maximum 
temperature of the permanent magnet is affected by the 
winding temperature rise obviously.  

(4) When the number of the short circuit turns exceeds 5 in 
single slot and single layer, the permanent magnet 
demagnetization phenomenon is serious. Because the 
prototype rated power is larger, by the analysis of the 
three factors, the winding insulation class is the most 
important factor limiting the motor continuous 
operation. The tolerance of the motor to ITSC fault is 
relatively weak. 
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