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Abstract: Under normal operating conditions, induction motors reach a higher temperature value than the initial operating temperature. The higher this temperature value 
is, the more the losses in the motor increase, negatively affecting the performance of the motor. The increased heat needs to be removed from the motor. There are several 
ways to do this, the most commonly used of which are the use of fans, fins in the stator frame and fins in the rotor end ring. In this study, the cooling fins in the stator frame 
of an induction motor were spiraled to create a faulty motor frame. The focus of the study is to experimentally obtain the effects of thermal analysis on the faulty motor body. 
In addition, performance analyses, vibration analyses and air flow analyses of the motor were performed. These four analyses obtained from the faulty motor were compared 
with the healthy motor. In order to obtain the data, the motor was tested in no-load, short circuit and loaded operation. The data obtained showed that the temperature values 
in the faulty motor casing were 6.22% higher in short-circuit operation and 7.95% higher in loaded operation compared to the healthy motor, and accordingly, the performance 
was adversely affected. The absence of stator fins in the faulty motor caused an asymmetrical distribution of airflow and the difference between inlet and outlet airflow speed 
decreased by 43%. In addition, it was determined that the faulty motor operated with 1.5-2 times more vibration. 
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1 INTRODUCTION 
 

Induction motors are widely used in both commercial 
and industrial applications [1]. Simplicity, robustness [2] 
reliability, low manufacturing and maintenance costs [3], 
high starting torque, adequate speed regulation and 
reasonable overload capacity [4] are the main reasons for 
the widespread use of induction motors. In order for an 
induction motor to operate smoothly under nominal 
operating conditions, the motor design must first be done 
properly. After the design phase, critical points such as 
motor performance, vibration, magnetic calculations, etc. 
must be controlled. In recent years, in addition to these 
analyses, thermal analyses of the motor have also begun to 
be performed. In particular, the stator and rotor winding 
temperature values have a significant effect on motor 
efficiency [5]. It should also be noted that the temperature 
is inversely proportional to the motor lifespan. Cooling is 
done by various methods in induction motors. These are 
stator fins placed in various numbers and sizes on the stator 
frame, rotor fins placed on the rotor end ring and the fans 
providing natural cooling. These cooling types and motor 
parts are given in Fig. 1. Several methods adopted for 
motor cooling include air cooling, liquid cooling and 
forced convection cooling [6]. 
 

 
Figure 1 Induction motor parts and cooling fins [6] 

 
In order to guarantee stable operation of squirrel cage 

induction motors, it is important that the rotor temperature 
remains at certain levels. Overheating of the rotor seriously 
affects the end rings and rotor bars. Factors such as severe 

overload, long-term starting or impaired cooling conditions 
during operation (due to a broken cooling fan or a clogged 
motor casing) can affect the cooling capacity of the motor. 
In this case, the temperature of the rotor bars and end rings, 
the stator windings and their insulation can exceed the 
maximum threshold values [7]. Konda et al. have stated 
that the negative effects of a temperature increase that may 
occur in induction motors on the motor are as follows: 
Damage to the stator winding insulation, decrease in motor 
efficiency, decrease in torque, decrease in motor lifespan, 
increase in winding impedance, and deterioration of the 
bearing lubrication system [7]. Albana et al. made a 
comparison of six different fin designs and studied their 
effect on the thermal characteristics of the electric motor. 
The fins were mounted radially and axially. The six types 
of fin designs investigated were radial fin-round, radial        
fin-square, radial fin-servo, axial fin-round, axial fin-
square and axial fin-servo. The findings of the study 
showed that the performance of fins in cooling the electric 
motor depends on the fin area. It was also stated that axially 
mounted fins provide better cooling than radially mounted 
fins [8]. Appadurai et al. analyzed the effect of cooling fins 
on the stator frame of an induction motor using ANSYS 
program. They examined the temperature changes in the 
motor frame by changing the number and height of the fins. 
From the results, they stated that the fin efficiency 
increased due to the higher length and number of fins, but 
the volume of the fins also increased, which led to a higher 
motor mass. From the results, they showed that optimum 
efficiency and minimum temperature at the fin tip were 
obtained by using 44 fins with a fin length of 15 mm [9]. 
Abdullah and Ali investigated the effects of the fins on the 
stator body of a 2.2 kW induction motor on the motor 
temperature. They showed that the fin thickness did not 
have a noticeable difference in motor temperatures, but 
with the increase in fin depth, there was a significant 
decrease in temperature values. They also found that the 
width between the fins had no effect on the motor 
temperature, and with the increase in the number of fins, 
there was a significant decrease in the stator winding 
temperature. They showed that in the absence of any fins 
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on the stator frame, higher temperature values were 
obtained in motor temperatures compared to motors with 
fins [10]. Ulbrich et al. investigated the effect of the 
number of fins on the motor temperature. It was shown that 
the temperature decreased with the increase in the number 
of fins [11]. Wernik stated that the fined motor frame can 
be applied to prevent emergency situations such as rotor 
failure that may occur during motor overload. He also 
stated that the fins will improve cooling efficiency by 
increasing the heat transfer surface and the heat distribution 
will be more uniform [12]. Ghahfarokhi and his colleagues 
found that the air velocity value, which moves from the fan 
section to the shaft section through the channels in the 
frame, decreases as it moves away from the fan, and 
increases with the increase in speed. They showed that the 
temperature values at different points of the motor decrease 
as the speed increases [13]. Roffi et al. investigated the 
effects of different fan types on airflow and efficiency. It 
was stated that axial fans, when properly designed, will 
reduce motor operating temperatures [14]. Ramesh et al. is 
to optimize the cooling rate of different types of fins and 
different types of materials. Three different materials with 
high thermal conductivity were selected and their analysis 
was done. Also, the fins in the stator frame were modelled 
in different designs [15]. Focus is placed on the 
design/modelling/analysis/failure of fans, which are 
another cooling device in induction motors [16-20]. 

When the literature is examined, it is seen that the 
studies on the dimensions of the stator frame fins in 
induction motors have examined their effects on the 
temperature of the motor. In addition, there are also studies 
on the effects of the fins on the air flow. It is seen that most 
studies either examine thermal analyses or only air flow 
velocities. In this study, in addition to the studies in 
literature, the main motivation of the study is to obtain a 
complete analysis by examining the stator fin fault of the 
three-phase induction motor in 4 categories such as 
thermal, vibration, air flow velocity and performance. In 
this context, no-load operation, short circuit operation and 
loaded operation experiments were performed for healthy 
and faulty motors. Induction motors are widely used in 
industry. They are exposed to different failures due to 
electrical, mechanical and environmental effects. In 
particular, failures such as fan fractures, fractures in the 
housing, breakage of the legs are frequently encountered. 
For this reason, this study was carried out in order to show 
the importance of the fins in the stator housing on motor 
performance, cooling, airflow speed and vibration. 
 
2 MATERIALS AND METHODS 
 

The motor used in the experiments is a 3-phase, 
squirrel cage induction motor, source voltage is 380 V, 
frequency is 50 Hz, motor power is 1100 W, star 
connected, nominal current value is 2.7 A, 4 poles, stator 
slot number is 36, shaft diameter is 25 mm, S1 operation, 
IP55 protection class and F class insulation. The 
experimental set is given in Fig. 2. 

In the experiments, an autotransformer was used for 
voltage adjustment, a power analyzer was used for power 
measurements, and torque measurements were obtained by 
connecting the test set via the load. In addition, a pen-type 
vibration device was used for vibration measurements, and 

a Flir E-5 type thermal camera was used for thermal 
measurements. To ensure a clear view of both the motor 
and the load, measurements were taken with a thermal 
camera at a distance of 1 meter from the test table 
throughout the experiment. The camera has an image 
frequency of 9 Hz, a measurement range of −20 to +400 
degrees Celsius, IP54 class, a measurement accuracy of 
±2%, and a thermal resolution of 160 × 120 pixels.                
Hand-held anemometer was used to measure air flow 
velocity. In addition, a tachometer, digital measuring 
instruments, and a Fucolt brake were used as the load. 
 

 
Figure 2 Experimental setup 

 
Fig. 3a shows the image of the healthy motor used in 

the experiments. Fig. 3b shows the image of the faulty 
motor with the cooling fins on the stator frame shaved off. 
The cooling fins were cleaned with a spiral machine. After 
the fins were spiraled, no cracks etc. occurred on the motor 
housing, and the roughness on the surface was cleaned with 
sandpaper afterwards. No damage was caused to the motor 
housing. The total number of spiraled fins is 17. The fins 
are parallel to each other and have a length of 98 mm, a 
width of 15 mm and a depth of 3.25 mm. The distance 
between the fins is 11.2 mm. 
 

 
(a)       (b) 

Figure 3 a) Healthy motor b) faulty motor 
 
3 OBTAINED RESULTS 
 

The results obtained from the thermal, vibration, air 
flow speed and performance analyses of a healthy and a 
faulty motor without cooling fins on the stator frame are 
given below. 
 
3.1 Thermal Tests and Analysis 
 

In the last decade, thermal analysis of electrical 
machines has received more attention from researchers. In 
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fact, with the increasing requirements for motor size 
reduction, energy efficiency, cost reduction and the need to 
fully utilize new topologies and materials, it is now 
necessary to analyze the thermal circuit to the same extent 
as the electromagnetic design [21]. 

In induction motors, the heat generated in the stator 
and rotor sections of the motor must be discharged. For this 
purpose, fins are placed on the stator frame of the motors. 
In addition, rotor fins placed on end rings and fans are used 
in the rotor section. In addition, water cooling is also used 
in specific applications. The cooling fins located in the 
stator frame help the air coming from the fan to penetrate 
smoothly from the motor frame to the shaft. A failure in 
these fins will cause a disruption in the flow of air moving 
over the frame. This will cause the heat not to be distributed 
properly and will cause the temperatures on the motor 
surface and rotor section to increase. This will result in 
increased losses in the motor and deterioration of motor 
performance. 

The formula giving the resistance change between the 
initial and final temperature in the motor is given in Eq. (1) 
[22]. 
 

  1f i f iR R T T            (1) 

 
In the equation, Ri represents the initial resistance 

value, Rf represents the final resistance value, α represents 
the temperature coefficient, and Ti and Tf represent the 
initial and final temperatures, respectively. Here, the 
temperature coefficient varies depending on the winding 
material used. Since aluminum is used in the rotor 
windings, the α value is taken as 0.0038 [23]. 

The stator winding resistance of the faulty motor at 
room temperature is 5.2 ohms. When the loaded operation 
test was completed, the stator winding resistance value was 
measured as 5.68 ohms. It was determined that the stator 
winding resistance change between the initial and final 
temperature values of the motor increased by 9.23%. It was 
determined that due to the absence of stator cooling fins 
during the test, an increase occurred in the internal 
temperature and surface of the motor, and as a result, the 
stator winding resistance increased. The increase in 
winding resistance caused an increase in copper losses. 

Temperature changes were obtained separately for the 
healthy and faulty motors during the no-load, short-circuit 
and loaded tests. The aim here is to show the stator fin 
effect thermally. Fig. 4a shows the no-load test of the 
healthy motor, Fig. 4b the short-circuit test, and Fig. 4c the 
thermal camera images during the loaded test. 
 

 
a) No-load test 

 
b) Short circuit test 

 
c) Loaded test 

Figure 4 Thermal images of the healthy motor 
 

Fig. 5a shows the thermal camera images of the faulty 
motor during the no-load operation test, Fig. 5b the short 
circuit operation test, and Fig. 5c the loaded operation test. 
 

 
a) No-load test 

 
b) Short circuit test 

 
c) Loaded test 

Figure 5 Thermal images of the faulty motor 
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In Fig. 6, the temperature changes of the healthy and 
faulty motors during no-load and loaded operation are 
given. An image was taken every 5 minutes, and the 
experiment duration was set as 25 minutes. The initial 
temperature was 23 oC, which is the room temperature of 
the laboratory. When the figure is examined, it is seen that 
the temperature values increase with the increase in time. 
In the no-load operation test, since the current value is not 
very high, the temperature values are seen to be around 33 
oC for the healthy motor and 39 oC for the faulty motor. 
During the loaded operation, it is seen that the temperature 
values increase rapidly. Especially in the faulty motor, it is 
seen that the temperature values are higher due to the 
uneven temperature distribution. In the loaded operation, it 
was determined that the temperature value of the faulty 
motor was 7.95% higher than the temperature value of the 
healthy motor at the 25th minute. This result clearly shows 
the importance of the fins in the stator frame in cooling the 
motor. 
 

 
Figure 6 Time-temperature changes of the healthy and faulty motor during 

no-load and loaded operation 
 

Fig. 7 shows the time temperature changes during 
short circuit operation for healthy and faulty motors. The 
test period was set to 70 seconds due to the high current 
value drawn during short circuit operation. Again, the 
initial temperature value was 23 oC. When the figure is 
examined, it is seen that the temperature increases rapidly 
especially after the 30th second and the temperature values 
exceed the temperature values in no-load and loaded 
operation in a very short time. The temperature difference 
between the faulty motor and the healthy motor at the 70th 
second is 6.22%. 
 

 
Figure 7 Time-temperature changes in short circuit operation of healthy and 

faulty motors 
 

The temperature images and graphs obtained show that 
the failure of the cooling fins located in the stator frame 

results in an increase in temperatures inside and outside the 
motor, which negatively affects motor performance. 
 
3.2 Performance Analysis 
 

Another critical point in induction motors is the 
analysis of the motor's performance values (equivalent 
circuit parameters, torque values, efficiency, etc.). 
Performance evaluation was made for both healthy and 
faulty motors by performing no-load, short-circuit and load 
operation tests. The tests were carried out under the 
nominal operating conditions of the motors. The no-load 
and short circuit operation test results obtained for 
HealthyMotor (H.M.) and Faulty Motor (F.M.) are given 
in Tab. 1. 
 
Table 1 Analysis of data obtained from no-load and short circuit tests of healthy 

and faulty motors 

Parameters 
No-load test Short circuit test 

H.M. F.M. H.M. F.M. 
Voltage / V 380 380 85,4 88,7 
Current / A 1,72 1,73 2,7 2,7 
Power / W 170 174 283 303 

Power factor 0,15 0,15 0,71 0,73 
Speed (/ rpm 1498 1497 0 0 

 
When Tab. 1 is examined, it is seen that the values 

obtained in no-load operation are close to each other. A 
slight increase was observed in iron losses due to the 
increase in temperature. In short circuit tests, the value of 
winding resistance increased due to the high current, which 
caused a 7.06% increase in copper losses. The formulas 
given in Eq. (2) are used to calculate the single-phase 
equivalent circuit parameters of the induction motor. 
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In the expression, Vk, Ik and Pcu express the voltage, 

current and copper losses in short circuit operation, 
respectively. V0, I0 and Pfe express the voltage, current and 
iron losses in no-load operation, respectively. The 
parameters Zeq, Req and Xeq express the equivalent 
impedance, resistance and reactance. Rfe is the iron 
resistance and Xm is the magnetization reactance. If the 
stator resistance is unknown, the total equivalent resistance 
value is divided by 2 to obtain the stator and rotor 
resistances. The same applies to the stator and rotor 
reactances. In Eq. (3), the efficiency parameter obtained by 
using the output power, iron losses and copper losses is 
given. 
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The expression for torque (T) calculated using 

equivalent circuit parameters in induction motors is given 
in Eq. (4). In the expression, p indicates the number of 
poles, s indicates the slip value, R1 and R2 indicate the stator 
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and rotor resistance, and X1 and X2 indicate the stator and 
rotor reactance, V1 indicate fundamental voltage. 
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  (4) 

 
Equivalent resistance, reactance and impedance 

changes of healthy and faulty motors are given in Fig. 8. 
Units are given in ohms. 
 

 
Figure 8 Changes in equivalent circuit parameters of healthy and faulty motors 

 
It is understood that the absence of cooling fins on the 

stator frame caused the winding resistance of the faulty 
motor to increase. Because, although the values obtained 
from the no-load test and the calculations were close to 
each other in the experiments under the same conditions, 
the fact that the temperature on the motor could not be 
properly transferred to the frame and the heat could not be 
removed from the frame by means of fins caused the values 
obtained from the short circuit test and the equivalent 
circuit resistance to be higher. 

In addition, it was determined that the iron resistance 
and magnetization reactance values obtained from the              
no-load operation experiment were 849.411 ohm and 
387.310 ohm for the healthy motor, and 829.885 ohm and 
385.071 ohm for the faulty motor, respectively. These 
results show that the values obtained in the no-load 
operation are very close to each other and the thermal effect 
is at a minimum level. 

Using the obtained data, the efficiency values of the 
healthy motor and the faulty motor were calculated as 
70.83 and 69.75, respectively. It was determined that the 
efficiency value decreased by 1.524%. From here, it was 
determined that since the heat could not be discharged in 
the faulty motor without fins in the stator frame, thermal 
losses increased due to the increase in the motor winding 
resistance values, and the motor performance was 
negatively affected. 

Another performance indicator of the motor, the 
normalized torque-speed characteristic curve, is given in 
Fig. 9 for the healthy and faulty motor. When the graph is 
examined, it is seen that the motor parameters that change 
with temperature have a significant effect on the torque. It 
is seen that there are differences especially in the starting 
and nominal torque values. It is seen that the maximum 
torque values are close to each other, but similar results are 
obtained at different speed values. The nominal torque 
value of the faulty motor was found to be 6.276% lower 
than that of the healthy motor. In terms of starting torques, 

the starting torque of the faulty motor was found to be 
3.632% higher. When the performance values of the 
healthy and faulty motor are considered, it is understood 
that the fins on the motor frame affect the motor 
performance quite a lot. 
 

 
Figure 9 Torque- speed graph of healthy and faulty motor 

 
3.3 Air Flow Velocity Tests and Analysis 
 

In electrical machines, the fins on the stator frame, the 
fins on the rotor end ring and the fan are used as cooling 
systems. In addition, water cooling is also used in some 
special motors. Another subject examined in this study is 
the analysis of air flow values for healthy and faulty 
motors. The effect of shaving the fins on the stator frame 
on the air flow change on the frame was investigated. 

The healthy motor cools the motor frame by passing 
the air drawn in by the fan over the fins. The air flow over 
the motor is shown in Fig. 10a. The air entering from the 
fan section takes the heat from the rotor and stator windings 
and is transferred to the outside through the fins on the 
frame. Failure to discharge the heat will cause an increase 
in the temperature value, especially in the stator windings, 
and this will cause an increase in the winding resistances. 
In Fig. 10b, it is seen that the air entering from the fan 
section cannot proceed to the shaft section due to the 
absence of fins in the stator frame, and the air flow 
decreases and is distributed in the middle parts of the motor 
[24]. 
 

 
(a)                                                              (b) 

Figure 10 a) Air flow in a healthy motor b) Air flow in a faulty motor 
 

In Fig. 11a, three points are given where the air flow 
speed is measured on the motor. Point A is at the rear of 
the motor and the measurement is taken from the parts 
where the fins start, point B is at the middle of the motor 
and the measurement is taken between the fins, and point 
C is at the end of the fins. In Fig. 11b, three points are given 
where the motor vibrations are measured. Measurement 
point 1 is located on the rear cover of the motor, 
measurement point 2 is located on the front cover of the 
motor, and measurement point 3 is located on the side of 
the motor feet, measured from the tabletop. Measurements 
were made with a pen-type vibration device. 

12

13

14

15

16

17

18

19

Healthy M. Faulty M.

E
qu

iv
al

en
t C

ir
cu

it
 

P
ar

am
et

er
s 

O
hm

Req
Xeq
Zeq



Asım Gökhan YETGİN, Yusuf Emre ÇAKMAK: Obtaining of Thermal, Vibration, Air Flow Speed and Performance Analysis of Stator Fin Failure of Three Phase Squirrel… 

Tehnički vjesnik 33, 1(2026), 166-172                          171 

 
(a)      (b) 

Figure 11 a) Air flow speed measurement points b) Vibration measurement 
points 

 
Average air flow speed for healthy and faulty motors 

is given in Tab. 2 for no-load and loaded operation. While 
the no-load speed of the motors was around 1497 rpm, the 
speeds during loaded operation were measured as 1430 
rpm and 1427 rpm. 
 

Table 2 Average air flow speed changes of healthy and faulty motors / m/s 

Parameters 
No-Load Test Loaded Test 

Healthy 
motor 

Faulty 
motor 

Healthy 
motor 

Faulty 
motor 

Motor speed / rpm 1498 1497 1430 1427 
Air speed at input 

(Point A) 
3,2 3,2 2,7 2,6 

Air speed at middle 
(Point B) 

2,9 2,5 2,4 2,0 

Air speed at output 
(Point C) 

2,2 1,8 2,0 1,5 

 
When Tab. 2 is examined, it is seen that the air flow 

speeds measured from the point where the air enters the 
channels (point A) during the no-load and loaded operation 
tests are equal. It is seen that the air flow speed values for 
the faulty motor decrease more around the B value, which 
is the middle point of the motor. In the measurements made 
at point C, that is, towards the shaft part of the motor, it is 
seen that the air flow speed values obtained from both the 
no-load and loaded operation tests of the faulty motor 
decrease considerably. These results show that due to the 
absence of fins in the stator frame, it has been determined 
that the air moving from the fan to the shaft is quickly 
dispersed to the sides and cannot penetrate to the shaft parts 
of the motor. According to the no-load and loaded 
operation data of the faulty motor, it has been determined 
that there is a decrease of 43.75% and 42.30% in the air 
flow speeds entering and exiting the frame part of the 
motor, respectively. In addition, according to the data 
obtained, it is seen that since there is a decrease in the 
speeds of the motors in loaded operation, the air flow 
values entering the fan part also decrease. 
 
3.4 Vibration Tests and Analysis 
 

The average vibration values obtained from the                 
no-load and loaded operation tests for the healthy and 
faulty motors are given in Tab. 3. 
 
Table 3 Average vibration values (m/s2) in no-load and loaded operation tests of 

healthy and faulty motors 
Experiments 

Point 1 Point 2 Point 3 
H.M. F.M. H.M. F.M. H.M. F.M. 

No-load test 1,9 3,72 2,31 3,96 2,44 4,08 
Loaded test 2,1 4,2 2,36 4,3 2,58 4,53 

 

When Tab. 3 is examined, it is seen that the vibration 
values obtained for both experiments of the healthy motor 
vary between 1.9-2.58 m/s2. It is seen that the vibration 
values obtained in the loaded operation are higher than the 
values in the no-load operation. It is seen that the vibration 
values for the no-load operation test of the faulty motor are 
lower than 4 m/s2 at locations 1 and 2, while the values are 
higher in the loaded operation test. The main reason for this 
situation is that the motor and load shafts are coupled, and 
an extra vibration comes to the motor from here. When the 
values at point 3 are compared, it is understood that the 
vibrations in the motor are transferred to the table by means 
of the feet. According to the values obtained from 3 
different vibration points, the fact that the faulty motor 
does not have fins caused the motor to operate unbalanced. 
It is seen that the faulty motor vibration data increases by 
1.5-2 times for all three measurement points compared to 
the healthy motor data. 
 
4 CONCLUSION 
 

In this study, the thermal effects of the cooling fins 
located in the stator frame of a three-phase squirrel cage 
induction motor were investigated experimentally. A faulty 
motor was created by shaving the stator cooling fins. The 
performance values were obtained by performing no-load, 
short-circuit and loaded operation experiments of the 
healthy and faulty motor. At the same time, thermal 
changes in the motor, vibration measurements and air flow 
speed measurements were also performed while these 
experiments were being performed. The results obtained 
showed that the absence of motor cooling fins negatively 
affected the air flow in the stator frame. The air entering 
from the fan side could not progress to the shaft part and 
was dispersed due to the absence of fins. It was determined 
that during loaded operation of the faulty motor, the airflow 
speed at the fan inlet was 2.6 m/s, while the airflow speed 
at the shaft side dropped to 1.5 m/s. This resulted in an 
increase in motor temperature due to the lack of complete 
cooling. 

The absence of fins also disrupted the balance of the 
motor, and it operated with vibration. Especially when the 
average of all three points was taken during loaded 
operation, it was determined that the faulty motor operated 
with approximately 85% more vibration than the healthy 
motor. In addition to all these, the increase in temperature 
also negatively affected the performance of the motor. 

As a result of thermal analysis, an increase in the 
winding resistance value occurred with the increase in the 
temperature value of the faulty motor. This resulted in an 
increase in the lost power value. It was determined that the 
efficiency of the faulty motor decreased by 1.524%. When 
the thermal data of the faulty motor in no-load, short circuit 
and loaded operation were examined, it was determined 
that the faulty motor operated at higher temperature values 
than the healthy motor in all three operations. It is observed 
that during loaded operation, the temperature value at the 
last measurement point of the faulty motor is 7.95% higher 
than the healthy motor, and during short circuit, this value 
is 6.22%. 

If a general evaluation is to be made, 4 different 
analyses were carried out together in the study in addition 
to the studies in the literature. It was concluded that the 
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thermal effect of the faulty motor without stator fins was 
particularly high and that the motor performance was also 
negatively affected due to this thermal effect. 
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