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y-axis: torque = 4.2 PU/volt. Negative peak torque = ± 11 PU 

Figure 5.3-7: A measured torque and speed trace of the induction motor with the broken bar neglecting 
the noise on the signal. 
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Figure 5.3-8: A measured torque and speed trace of the induction motor with the broken bar neglecting 
the noise on the signal. 
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y-axis: torque = 4.2 PUlvolt. Negative peak torque = ± 8.8 PU 

Figure 5.3-9: A measured torque and speed trace of the induction motor with the broken bar neglecting 
the noise on the signal. 
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Figure 5.3-10: A measured torque and speed trace of the induction motor with the broken bar neglecting 
the noise on the signal. 
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Figure 5.3-11 and Figure 5.3-12 shows the negative torque peaks produced by 
the motor with the "healthy" cage. The measurement of these torque peaks were 
not as consistent as the negative torque peaks obtained with measurements on 
the broken rotor. 
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0.2 0.6 1. 
Time ( Seconds) 

y-axis: torque = 4.2 PU/vol1. Negative peak torque = ± 13.8 PU 

Figure 5.3-11: A measured torque and speed trace of the induction motor with the healthy cage neglecting 
the noise on the signal. 
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y-axis: torque = 4.2 PU/vol1. Negative peak torque = ± 7.9 PU 

Figure 5.3-12: A measured torque and speed trace of the induction motor with the healthy cage neglecting 
the noise on the signal. 
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5.4 Conclusion 

The difference in the magnitudes between the measured and simulated results 

of the starting and reswitching transients varies by less than 3%. This difference 

is negligible for all practical purposes. Simulating the start-up, positive- and 

negative reswitching transients of the induction motor shows that the deep bar 

model in the CASED software package gives a very close correlation with the 

measured values . Smith (1990:68), Figure 3.13 also shows measured and 

predicted starting transients for a large squirrel cage motor. These results 

appear to be for a machine that displays very little deep bar properties and look 

similar to those shown in Figure 3.3-1 on page 35. Besides Smith's results 

(1990:68) there are very few measured results recorded in the literature. None 

of these show comparisons between measurement and simulation. The 

published results available are either measured (Wood, Flynn and 

Shanmugasundaram, 1965: 1352) or simulated (Kraus and Thomas, 1965:1052) 

and (Ghani,1988:185) . 

It can be seen from Figure 5.2 .1-1 and Figure 5.2.1-3 that the magnitude and 

sign of the reswitching transients are dependent on the time the circuit breaker 

takes to reclose . It is shown that the deep bar model can accurately predict these 

events (which depends on the mechanical system to which the motor is 

connected) . It has the following benefits: 

• The motor- and load shaft sizes and the coupling system can now be 

optimized during the design stage to reduce the effect of these reswitching 

transients on the mechanical system. 

• The reclosing time of the supply circuit breaker to the induction motor can be 

adjusted so that the magnitude of a transient negative torque peak is kept to 

a minimum . 
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The measurements on the induction motor with the broken bar show that the 

transient behaviour of this motor is related to the condition of the cage. It is 

beyond the scope of this project to investigate this more fully but the author is 

convinced that this is an area for future meaningful research. It is anticipated that 

if these differences can be quantified, this type of transient measurement may 

become a successful tool to be used in assessing the state of the cage of a large 

squirrel cage induction motor. 
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CHAPTER 6 

SUMMARY 

Levy (1990: 12) has developed and tested a deep bar model to predict the 

starting and reswitching transients of induction motors. The main objective of this 

project was to obtain additional measurements of transient behaviour of a large 

induction motor so that prediction of induction motor starting and reswitching 

characteristics using this deep bar model could be further substantiated. This 

could only be achieved if the measurement system was made to function 

correctly and if meaningful simulations of the machine tested were successfully 

completed . The correlation between the measured- and simulated results clearly 

demonstrates that this objective has been attained. 

In chapter 2 the equations describing the transient behaviour of an induction 

motor are discussed and in chapter 3 the simulation software which incorporates 

these equations is described . Simulations comparing the deep bar model with 

the traditional model are shown. 

The construction, advantages and disadvantages of the transient measurement 

system are discussed in chapter 4. The measurement system has a high 

response time, a wide bandwidth and is also able to supply useful information at 

very low rotational speeds e.g. the starting and plugging of electric motors. The 

noise on the signal, which is a distinct disadvantage has been overcome by 

careful digital filtering. 

In chapter 5 the measured and simulated results are analysed . It is clear from 

the measured results achieved that this system is very suitable for the 

measurement of these torque and speed transients. The excellent correlation 
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achieved between the measured and simulated results shows that the CASED 

program has meaningful models of the machine system giving reliable simulated 

results. The validity of these predicted results could only be established because 

a highly successful measurement system was developed. 

A new, compact measurement system with a very high signal to noise ratio was 

developed at the OFS Technikon. Using this system, transient torque 

measurements will be done on a serviceable 3 kW deep bar induction motor to 

confirm the results obtained in chapter 5. In this manner the validity of the deep 

bar model with regard to much smaller machines, will be verified. 

Additional measurements taken on an identical 75 kW motor with a broken rotor 

bar are also shown in chapter 5. The additional research on the motor with the 

broken rotor bar was intended to be purely observational rather than qualitative. 

The shape and magnitude of the run-up transient torque measurements of the 

broken rotor are not consistent. A thorough investigation, using a measuring 

system with a very low electric noise level, needs to be done to confirm the 

findings shown in Appendix B. Similar results, on a range of induction motor with 

broken rotor bars, could lead to a very economical diagnostic tool to analyse the 

condition of the rotor cage in any squirrel cage induction motor. 
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Power = 75 kW 

Number of phases = 3 

71 

APPENDIX A 

Motor details 

Connection = Delta (for all the measurements taken) 

Supply frequency = 50 Hz 

Supply line voltage = 385 V 

Number of poles = 6 

Speed = 990 rev/min. 

Stator winding res istance = 0.04383 Q per phase. 

Stator leakage reactance = 0.26717 Q per phase. 

Rotor cage resistance = 0.05521 Q per phase. 

Rotor leakage reactance = 0.70716 Q per phase. 

Magnetising reactance = 10.6191 Q per phase. 

Inertia = 1.667 kg .m2 
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APPENDIX B 

Starting transients of the 75 kW induction motor with the 
broken rotor bar. 

All the starting measurements on this motor were taken on the same day. The 

supply voltage was slightly imbalanced at 384 V, 385 V and 384 V per phase. 

The data sampling rate was kept constant at 2048 samples @ 2000 Hz. The 

highest signal frequency component in any data file was less than 40 Hz so that 

the sampling frequency was adequate and the filter frequency (see 

paragraph 4.4) was kept constant for all the data files. 

Five measurements were taken for each of the four slot positions. The 

measurements are shown in Figure B-1 through to Figure B-20 on the next 20 

pages. In Figure B-1 the first graph shows a sample of the noisy signal. The 

second graph shows all the frequency components of the signal. In the third 

graph the filtered components are shown and the last graph shows the filtered 

signal. 
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Figure B·1 : First starting transient measured with the slot in the top position. 
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Figure B·2: Second starting transient measured with the slot in the top position . 
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Figure B·3: Third starting transient measured with the s10t in the top position. 
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Figure 8·4: Fourth starting transient measured with the slot in the top position . 
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Figure 6·5: Fifth starting transient measured with the slot in the top position. 
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Figure 8-6: First starting transient measured with the slot in position 2. 
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Figure B·7: Second starting transient measured wi th the slot in position 2. 

© Central University of Technology, Free State



80 

M . - READPRN(pos2c) x . - 0 . . 2047 

<0 > <2 > 
t - M T . - M 

1 

T 
x 

-1 
0 t 1 .2 

x 

z - fft(T) Y . - 0 . . 1024 

5 

1\ 1 
0 

.I. at LA.I .. 1 l I. ., 
0 y 1024 

f ilter - 110 . . 1024 z - 0 z . - 0 z - 0 
filter 53 64 

I . - ifft(z) 

5 

o 
o y 100 

1 

ilA/l",,- ~ 

\ ,/'vI. ,M 
V -w ·V 

I 
x 

- 1 
447 x 1847 

Figure B-8: Third starting transient measured with the slot in position 2. 
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Figure B-9: Fourth starting transient measured with the slot in position 2. 
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Figure 8-10: Fifth starting transient measured with the slot in position 2. 
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Figure 8-11: First starting transient measured with the slot in position 3. 
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Figure 8-13: Third starting transient measured with the slot in position 3. 
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Figure 8-15: Fifth starting transient measured with the slot in position 3. 
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Figure 8-16: First starting transient measured with the slot in position 4. 
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Figure 8-18: Third starting transient measured with the slot in position 4, 
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Figure 6·19: Fourth starting transient measured with the slot in position 4. 

© Central University of Technology, Free State



92 

M . - READPRN( pos4e) x - 0 .. 2047 

<0> <2 > 
t . - M T . - M 

1 

T 
x 

- 1 
0 t 1.2 

x 

z . - fft(T) y . - 0 .. 1024 

5 

1\ 1 
0 

I L ..... d .. u..ll 1 .I l ,I 1 I. 

0 Y 1024 

fil t er . - 110 .. 1024 z 0 z . - 0 z . - 0 
filter 53 64 

I .- ifft(z) 

5 

1\1 
0 

0 y 100 

1 . , 
111\ III IlM 1'\, '" 
1m I v ' A 

V "V 

I 
x 

- 1 
347 x 1747 

Figure B·20: Fifth starting transient measured with the slot in position 4. 
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