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Table 9.16: Discharge magnitudes for motor # 250BC3

Load and temperature Phase-A Phase-B Phase-C
PD measured at 70% | +NQN |-NQN | +NQN |[-NQN |+NQN [-NQN
load, with the n/a n/a n/a n/a n/a n/a
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 30°C, 33°C 0 0 0 0 0 0
and 36°C respectively.

(See Appendixes C25, for graphical representation of discharges)

9.2.1.8  Motor # 250BC4

Table 9.17: Nameplate data for motor # 250BC4

Make Power Stator Stator Current Speed
Voltage

Hawker Siddeley 250 hp 3300V 43.7 A 1488 r/min

Table 9.18: Discharge magnitudes for motor # 250BC4
Load and temperature Phase-A Phase-B Phase-C
PD measured at 75% | +NQN |-NQN |+NQN |-NQN |+NQN |-NQN
load, with the 4 n/a 8 1 6 n/a
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 53°C, 58°C 3 0 6 0 < 0
and 60°C respectively.

(See Appendixes C26, for graphical representation of discharges)
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9.2.1.9  Motor # 435AA3

Table 9.19: Nameplate data for motor # 435AA3

Make Power Stator Stator Current Speed
Voltage
AEI 435 hp 3300 V 68 A 988 r/min
Table 9.20: Discharge magnitudes for motor # 435AA3

Load and temperature Phase-A Phase-B Phase-C
PD measured at 90% | +NQN |-NQN |+NQN |[-NQN |+NQN |-NQN
load, with the n/a 2 1 1 1 n/a
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 36°C. 0 2 0 0 0 0

(See Appendixes C37-C40, for graphical representation of discharges)

9.2.1.10 Conclusion summary

These motors exhibited no or very low levels of PD activity.
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9.2.2 Motors tested with significant PD values

9.2.2.1  Motor # 150CL3

Table 9.21: Nameplate data for motor # 150CL3

Make Power Stator Stator Current Speed
Voltage
AEI 150 kW 3300V 31A 1483 r/min
Table 9.22: Discharge magnitudes for motor # 150CL3
Load and temperature Phase-A Phase-B Phase-C
PD measured at 100% | +NQN | -NQN |[+NQN |[-NQN | +NQN |-NOQN
load, with the 26 22 401 434 181 158
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding unknown. 0 0 158 193 100 88
(See Appendixes C3-C6, for graphical representation of discharges)
Table 9.23:  Analysis matrix for motor # 150CL3
Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical No No No
discharge position of (45°/225°)?
Does this classical PD have polarity n/a n/a n/a
predominance?
Are the negative discharges predominant? n/a n/a n/a
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( Central University of
e o Table 9.23: (Cont.)

Condition Phase-A | Phase-B | Phase-C
Are the positive discharges predominant? n/a n/a n/a
Is the discharge angle shifted by 30° from the No Yes Yes
45°/225° axis?
Does the two dimensional plot indicate a Yex Yes n/c

“hump”, as normally associated with phase-
phase PD?
Is the relationship between the affected phases, Yes Yes Yes

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No No No

45°/225° axis?

Are the discharges occurring at the 0°/180°? No No n/c
Conclusion

The PD appears to be phase-to-phase related:

e Phase-to-phase discharges can occur on the endwinding due to contamination.
Contamination can lead to tracking which will eventually lead to a phase-to-phase
failure.

e Inadequate spacing/ insulation between coils can lead to discharges between coils
causing a build-up of ozone.

e It is however not possible to determine if this is occurring between coils in the slot

or on the endwinding.
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9.2.2.2  Motor # 160BF2

Table 9.24: Nameplate data for motor # 160BF2

Make Power Stator Stator Current Speed
Voltage
Siemens 160 kW 3300V 37 A 1471 r/min
Table 9.25: Discharge magnitudes for motor # 160BF2
Load and temperature Phase-A Phase-B Phase-C
PD measured at 90% | +NQN | -NQN |+NQN |-NQN |[+NQN | -NOQN
load, with the 42 50 41 46 50 31
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 52°C, 55°C 21 25 20 21 42 24
and 56 °C respectively.
(See Appendixes C8-C12, for graphical representation of discharges)
Table 9.26: Analysis matrix for motor # 160BF2
Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yeu
If not, supply reason? n/a
Are any discharges centred at the classical No No Yes
discharge position of (45°/225°)?
Does this classical PD have polarity n/a n/a Yes
predominance?
Are the negative discharges predominant? n/a n/a No
Are the positive discharges predominant? n/a n/a Yes
Is the discharge angle shifted by 30° from the Yes No n/c
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(?::;;:m:;zigzz;; Table 9.26: (Cont.)

Condition Phase-A | Phase-B | Phase-C

45°/225° axis?

Does the two dimensional plot indicate a No No n/c
“hump”, as normally associated with phase-
phase PD?

Is the relationship between the affected phases, Yes Yes Yes
clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No Yes No

45°/225° axis?

Are the discharges occurring at the 0°/180°? n/c No No
Conclusion

The PD appears to be phase-to-phase related.

e Phase-to-phase discharges can occur on the endwinding due to contamination.
Contamination can lead to tracking which will eventually lead to a phase-to-phase
failure.

e Inadequate spacing/ insulation between coils can lead to discharges between coils
causing a build-up of ozone.

e It is however not possible to determine if this is occurring between coils in the slot

or on the endwinding.

9.2.2.3  Motor # 180CC4

Table 9.27: Nameplate data for motor # 180CC4

Make Power Stator Stator Current Speed
Voltage
Harland 180 hp 3300V 29 A 980 r/min
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Table 9.28: Discharge magnitudes for motor # 180CC4

Load and temperature Phase-A Phase-B Phase-C

PD measured at 100% | +NQN |-NQN |+NQN |-NQN |+NQN |-NOQN
load, with the 66 38 15 30 21 32
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 28°C. 32 35 12 28 13 12

(See Appendixes C18-C22, for graphical representation of discharges)

Table 9.29:  Analysis matrix for motor # 180CC4

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges occurring at the classical No No No
discharge position (45°/225°)?
Does this classical PD have polarity n/a n/a n/a
predominance?
Are the negative discharges predominant? n/a n/a n/a
Are the positive discharges predominant? n/a n/a n/a
Is the discharge angle shifted by 30° from the Yes Yes Yes
45°/225° axis?
Does the two dimensional plot indicate a Yes Yes Yes
“hump”, as normally associated with phase-
phase PD?
Is the relationship between the affected phases, Yes Yes Yes
clearly visible on the LPD plot (for the correct
phase rotation)?
Are the discharges shifted by 60°/120° from the No No No
45°/225° axis?
Are the discharges occurring at the 0°/180°? No No No
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Conclusion

Phase-to-phase related PD:

e  Phase-to-phase discharges can occur on the endwinding due to contamination.
Contamination can lead to tracking which will eventually lead to a phase-to-phase
failure.

e Inadequate spacing/ insulation between coils can lead to discharges between coils
causing a build-up of ozone.

e [t is however not possible to determine if this is occurring between coils in the slot

or on the endwinding.

9.2.2.4  Motor # 305AA2

Table 9.30: Nameplate data for motor # 305AA2

Make Power Stator Stator Current Speed
Voltage
GEC 380 kW 3300V 83 A 983 r/min

Table 9.31: Discharge magnitudes for motor # 305AA2

Load and temperature Phase-A Phase-B Phase-C

PD measured at 45% | +NQN |-NQN |[+NQN |[-NQN |+NQN |-NQN
load, with the | 140 183 172 232 626 484
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax

winding at 55°C, 51°C 76 101 121 146 387 289
and 55°C respectively.

(See Appendixes C27-C31, for graphical representation of discharges)
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Table 9.32:  Analysis matrix for motor # 305AA2

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical No No Yes
discharge position of (45°/225°)?
Does this classical PD have polarity n/a n/a Yes
predominance?
Are the negative discharges predominant? n/a n/a No
Are the positive discharges predominant? n/a n/a Yes
Is the discharge angle shifted by 30° from the No No No
45°/225° axis?
Does the two dimensional plot indicate a No No No

“hump”, as normally associated with phase-
phase PD?

Is the relationship between the affected phases, Yes Yes Yes

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No No No

45°/225° axis?

Are the discharges occurring at the 0°/180°? Yes No No
Conclusion

Phase-to-phase related PD:

e Phase-to-phase discharges can occur on the endwinding due to contamination.
Contamination can lead to tracking which will eventually lead to a phase-to-phase
failure.

e Inadequate spacing/ insulation between coils can lead to discharges between coils

causing a build-up of ozone.
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e It is however not possible to determine if this is occurring between coils in the slot

or on the endwinding.

9.2.2.5  Motor # 380AB1

Table 9.33: Nameplate data for motor # 380AB1

Make Power Stator Stator Current Speed
Voltage
GEC 380 kW 3300V 83 A 983 r/min

Table 9.34: Discharge magnitudes for motor # 380AB1

Load and temperature Phase-A Phase-B Phase-C

PD measured at 65% | +NQN |-NQN | +NQN |-NQN | +NQN |-NOQN
load, with the | 129 118 88 62 150 124
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 61°C. 71 63 38 30 97 73

(See Appendixes C32-C36, for graphical representation of discharges)

Table 9.35:  Analysis matrix for motor # 380AB1

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical Yes Yes Yes

discharge position of (45°/225°)?

Does this classical PD have polarity No Yes No

predominance?

Are the negative discharges predominant? n/a No n/a
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(?::;;z.mzyzi;z‘é;; Table 9.35: (Cont.)

Condition Phase-A | Phase-B | Phase-C

Are the positive discharges predominant? n/a Yes n/a

Is the discharge angle shifted by 30° from the No No No

45°/225° axis?

Does the two dimensional plot indicate a No No No

“hump”, as normally associated with phase-

phase PD?

Is the relationship between the affected phases, No No No

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No No No

45°/225° axis?

Are the discharges occurring at the 0°/180°? No No No
Conclusion

The bulk of the discharges appear to be occurring in the slot portion of the coil.

9.2.2.6 Motor # 435AA5

Table 9.36: Nameplate data for motor # 435AA5

Make Power Stator Stator Current Speed
Voltage
AEI 435 hp 3300V 68 A 988 r/min
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Table 9.37: Discharge magnitudes for motor # 435AA5

Load and temperature Phase-A Phase-B Phase-C
PD measured at 100% | +NQN | -NQN |+NQN |-NQN |[+NQN |-NOQN
load, with the 3 8 17 15 24 15

temperature of the stator | +Qmax | -Qmax | +Qmax

-Qmax

+Qmax | -Qmax

winding at 38°C, 40°C 3 6
and 40°C respectively.

11 11

14 7

(See Appendixes C41-C43, for graphical representation of discharges)

Table 9.38:  Analysis matrix for motor # 435AA5

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical No Yes Yes
discharge position of (45°/225°)?
Does this classical PD have polarity n/a Yes Yes
predominance?
Are the negative discharges predominant? n/a No No
Are the positive discharges predominant? n/a Yes Yes
Is the discharge angle shifted by 30° from the n/a No No
45°/225° axis?
Does the two dimensional plot indicate a No No No
“hump”, as normally associated with phase-
phase PD?
Is the relationship between the affected phases, n/c n/c n/c
clearly visible on the LPD plot (for the correct
phase rotation)?
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Table 9.38: (Cont.)

Condition Phase-A | Phase-B | Phase-C
Are the discharges shifted by 60°/120° from the n/c No No
45°/225° axis?
Are the discharges occurring at the 0°/180°? n/c No No

Conclusion

e The bulk of the discharges appear to be occurring in the slot portion of the coil.

e  The LPD plot indicates phase-to-phase related PD between phases-A&C.

9.2.2.7

Motor # 500BJ1

Table 9.39: Nameplate data for motor # 500BJ1

Make Power Stator Stator Current Speed
Voltage
Siemens 500 kW 3300 V 114 A 1450 r/min
Table 9.40: Discharge magnitudes for motor # 500BJ 1

Load and temperature Phase-A Phase-B Phase-C
PD measured at 80% | +NQN |-NQN |+NQN |-NQN |+NQN |-NOQN
load, with the | 1025 690 219 333 412 323
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 43°C. 672 442 139 184 236 198

(See Appendixes C46-C50, for graphical representation of discharges)
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Table 9.41:  Analysis matrix for motor # 500BJ1

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical Yes No Yes
discharge position of (45°/225°)?
Does this classical PD have polarity No n/a Yes
predominance?
Are the negative discharges predominant? No n/a No
Are the positive discharges predominant? n/a n/a Yes
Is the discharge angle shifted by 30° from the n/a n/a No
45°/225° axis?
Does the two dimensional plot indicate a n/c No No

“hump”, as normally associated with phase-
phase PD?
Is the relationship between the affected phases, Yes Yes n/c

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No Yes No

45°/225° axis?

Are the discharges occurring at the 0°/180°? No No No
Conclusion

PD appears to be occurring on the surface of the coil, with some phase-to-phase related
activity. The machine was opened for inspection and the coils were found to be skewed

in the slots, which left 0.5mm cavities between some of the coils and the core.
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9.2.2.8  Motor # S00BJ2

Table 9.42: Nameplate data for motor # 500BJ2

Make Power Stator Stator Current Speed
Voltage
Siemens 500 kW 3300V 114 A 1450 r/min
Table 9.43: Discharge magnitudes for motor # 500BJ2
Load and temperature Phase-A Phase-B Phase-C
PD measured at 100% | +NQN | -NQN | +NQN [-NQN |+NQN |-NQN
load, with the 34 18 n/a 25 n/a 20
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 30°C. 23 17 32 24 15 12
(See Appendixes C51-C3535, for graphical representation of discharges)
Table 9.44:  Analysis matrix for motor # 500BJ2
Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical n/c n/c n/c
discharge position of visible on the LPD plot (for
the correct phase rotation)?
Does this classical PD have polarity Yes Yes Yes
predominance?
Are the negative discharges predominant? No No No
Are the positive discharges predominant? Yes Yes Yes
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Table 9.44: (Cont.)

Condition Phase-A | Phase-B | Phase-C
Is the discharge angle shifted by 30° from the Yes Yes Yes
45°/225° axis?
Does the two dimensional plot indicate a Yes Yes Yes

“hump”, as normally associated with phase-
phase PD?

Is the relationship between the affected phases, n/c n/c n/c

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No No No

45°/225° axis?

Are the discharges occurring at the 0°/180°? No No No
Conclusion

This machine operates in a very humid environment. The unusual discharge patterns as

well as the “humps” on the 2D plot, indicates possible end-winding discharges.

9.2.2.9  Motor # 500BJ3

Table 9.45: Nameplate data for motor # 500BJ3

Make Power Stator Stator Current Speed
Voltage
Siemens 500 kW 3300V 114 A 1450 r/min
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Table 9.46: Discharge magnitudes for motor # 500BJ3
Load and temperature Phase-A Phase-B Phase-C
PD measured at 100% | +NQN |-NQN | +NQN |-NQN |+NQN |-NON
load, with the 26 15 39 24 17 T
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 67°C, 63°C 13 7 19 12 7 4
and 60°C respectively.

(See Appendixes C56-C60, for graphical representation of discharges)

Table 9.47:  Analysis matrix for motor # 500BJ3

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical Yes Yes Yes
discharge position of (45°/225°)?
Does this classical PD have polarity Yes Yes Yes
predominance?
Are the negative discharges predominant? No No No
Are the positive discharges predominant? Yes Yes Yes
Is the discharge angle shifted by 30° from the Yes Yes Yes
45°/225° axis?
Does the two dimensional plot indicate a No No No
“hump”, as normally associated with phase-
phase PD?
Is the relationship between the affected phases, n/c n/c n/c
clearly visible on the LPD plot (for the correct
phase rotation)?
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Table 9.47: (Cont.)
Condition Phase-A | Phase-B | Phase-C
Are the discharges shifted by 60°/120° from the No Yes No
45°/225° axis?
Are the discharges occurring at the 0°/180°? No No No
Conclusion
PD appears to be occurring on the surface of the coil.
9.2.2.10 Motor # 950AA3
Table 9.48: Nameplate data for motor # 950AA3
Make Power Stator Stator Current Speed
Voltage
Siemens 950 kW 3300V 200 A 1484 r/min
Table 9.49: Discharge magnitudes for motor # 950AA3
Load and temperature Phase-A Phase-B Phase-C
PD measured at 100% | +NQN | -NQN | +NQN | -NQN | +NQN | -NQN
load, with the 20 29 143 86 17 25
temperature of the stator | +Qmax | -Qmax | +Qmax | -Qmax | +Qmax | -Qmax
winding at 67°C, 80°C 11 13 88 57 10 14
and 81°C respectively.

(See Appendixes C61-C63, for graphical representation of discharges)
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Table 9.50: Analysis matrix for motor # 950AA3

Condition Phase-A | Phase-B | Phase-C
Can the graphical data be analysed? Yes Yes Yes
If not, supply reason? n/a
Are any discharges centred at the classical No Yes No
discharge position of (45°/225°)?
Does this classical PD have polarity n/a Yes Yes
predominance?
Are the negative discharges predominant? n/a No n/a
Are the positive discharges predominant? n/a Yes n/a
Is the discharge angle shifted by 30° from the Yes Yes Yes
45°/225° axis?
Does the two dimensional plot indicate a n/c No n/c

“hump”, as normally associated with phase-
phase PD?

Is the relationship between the affected phases, Yes Yes Yes

clearly visible on the LPD plot (for the correct

phase rotation)?

Are the discharges shifted by 60°/120° from the No No Yes

45°/225° axis?

Are the discharges occurring at the 0°/180°? Yes No No
Conclusion

PD appears to be phase-to-phase related:

® Phase-to-phase discharges can occur on the endwinding due to contamination.
Contamination can lead to tracking which will eventually lead to a phase-to-phase
failure.

e Inadequate spacing/ insulation between coils can lead to discharges between coils
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causing a build-up of ozone.

e It is however not possible to determine if this is occurring between coils in the slot

or on the endwinding.

9.2.2.11

Conclusion summary for motors tested in the plant

e Motors # 150CC3, 305AA2 and 380ABI are random wound machines with

extensive PD activity situated within the coil. All these motors have been rewound.

e  Motor # 500BJ1 is a form coil machine operated in a very humid environment and

is experiencing extensive electrical slot discharge activity.

9.3 Winding data

Table 9.51 summarises the winding data of machines tested in the plant.

Table 9.51: Winding data table for machines tested in the plant
Group | Winding Impreg- Coils | Turns/ | Conductor Slot
no type nation type coil size width
150CL2 | Random Dip 30 20 1x1.6,1.32 & n/a
2x1.7
150CL3 | Random Dip 30 20 1x1.6,1.32 & n/a
2x1.7
160BF1 | Form coil | Resin Rich 48 14 425x1.96 12.5
160BF2 | Form coil | Resin Rich 48 14 425x1.96 125
160BF3 | Form coil | Resin Rich 48 14 4.25x 1.96 12.5
160BF10 | Formcoil | Resin Rich 48 14 425x1.96 12.5
180CC4 n/a Dip 90 24 335x2 12
180CC6 n/a Dip 90 24 FINR2 12
250BC1 | Random Dip 48 11 6x1.7 n/a
250BC2 | Random Dip 48 11 6x1.7 n/a
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Table 9.51: (Cont.)

Group | Winding Impreg- Coils | Turns/ | Conductor Slot
no type nation type coil size width
250BC3 | Random Dip 48 11 6x1.7 n/a
250BC4 | Random Dip 48 11 6x1.7 n/a
305AA2 | Form coil VPI 72 6 398x2%x2 11.9
380AB1 | Form coil VPI 72 6 8x2 11.9
435AA3 | Form coil VPI 90 6 565x2.8 n/a
435AA5 | Form coil VPI 90 6 565x2.8 n/a
500BJ1 | Form coil | Resin Rich 48 7 56x2.8 15
500BJ2 | Form coil | Resin Rich 48 7 56x2.8 15
500BJ3 | Form coil | Resin Rich 48 7 56x2.8 15
950AA3 | Form coil | Resin Rich n/a n/a n/a n/a
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CHAPTER 10 - CONCLUSIONS AND RECOMMENDATIONS

10.1 Findings

10.1.1 The relationship between PD magnitudes and type testing

10.1.1.1 Routine PD testing performed at the Test Floor

Of the twenty-one machines tested at the Test Floor, three machines (14%) had no
significant PD activity that could be analyzed. The average maximum Qmax values

(positive or negative) were 271 mV. PD measurements were taken at an average load

and temperature of 108% and 64°C, respectively.

10.1.1.2  PD testing in a plant environment

Twenty machines were tested in a plant environment. Fifty percent of these machines
had no significant PD discharge activity. The average maximum Qmax values were
158 mV. PD measurements were taken at an average load and temperature of 83% and
45°C, respectively. The disparity in discharge activity between a machine tested at the
Test Floor, and that tested in the plant, could be attributed to the difference in average
load and thus temperature.

10.1.2 Relationship between PD magnitudes and coil construction types

Table 10.1 summarizes the PD discharge activities measured in motors with form coil

windings with a resin-rich type impregnation system
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Table 10.1: Form coil windings with a resin-rich type impregnation system
Group Load | Temp. | +NQN | -NQN | +Qmax | -Qmax Original/
no rewound
160BF1 100% 68 5 6 3 3 Original
160BF2 90% 56 50 31 42 24 Original
160BF3 | 100% 85 12 10 0 0 Original
160BF8 70% 30 n/a n/a n/a n/a Original
160BF10 | 70% 54 n/a n/a n/a n/a Original
160BF11 | 100% 74 5 2 3 0 Original
200DP2 | 100% 70 75 18 50 12 Original
500BJ1 80% 43 1025 690 672 442 Original
500BJ2 100% 30 34 18 23 ¥7 Original
500BJ3 100% 63 39 24 19 12 Original
950AA3 | 100% 80 143 86 88 57 Original

Discharge values for resin-rich type windings are very low. The average PD magnitude

is 95 mV. According to results provided by Iris Power Engineering [15, p. 9], it can be

seen that up to the year 2001, 90% of the 4 kV machines in their database had Qmax

magnitudes of less than 262 mV.

Table 10.2 summarizes the PD discharge activities measured in motors with form coil

windings with a vpi type impregnation system
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Table 10.2: Form coil windings with a vpi type impregnation system

Groupno | Load | Temp. | +NQN [ -NQN | +Qmax | ~-Qmax Original/
rewound
185CD1 | 100% 80 57 26 40 0 Original
300AA3 | 100% n/a 137 143 39 73 Original
400KW | 100% 74 118 91 51 46 Original
435AA5 | 100% 40 24 15 14 i Original
220AA5 | 150% 55 17 66 25 49 Rewound
250BB4 | 150% 59 68 60 25 28 Rewound
305AA2 | 100% n/a 787 463 390 234 Rewound
380ABI1 | 100% 73 893 667 455 330 Rewound
380XX1 | 100% 67 952 795 540 463 Rewound
435AA3 90% 36 | 1 0 0 Rewound
585AA2 70% 35 297 191 142 68 Rewound

The average PD magnitude is 178 mV. As can be seen from the column above, most of
the Qmax magnitudes have a value below 262 mV. Only three of the rewound vpi

machines have values exceeding that of the Iris database.

Table 10.3 summarizes the PD discharge activities measured in motors with random

wound windings with a Resin-Rich type impregnation system
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Table 10.3: Random wound windings with a dip type impregnation system

Group no | Load | Temp. | +NQN | -NQN | +Qmax | -Qmax Original/
rewound
150CL2 | 100% n/a n/a n/a n/a n/a Original
240AB3 | 100% 43 49 44 26 26 Original
250BCl1 70% 48 n/a n/a n/a n/a Original
250BC2 95% 29 n/a n/a n/a n/a Original
250BC3 | 150% 87 117 67 63 43 Original
250BC4 | 75% 58 8 1 6 0 Original
160BB3 | 150% 60 1314 1747 689 738 Rewound
175BD3 | 100% 90 1300 1156 878 719 Rewound
150CL3 | 100% | n/a 401 434 158 193 Rewound
400CE1 | 100% 37 1525 1219 915 919 Rewound

Discharge values for original random wound dipped machines were very low. Rewound

machines had an average PD magnitude of 682 mV.

10.1.3 Correlation between discharge patterns for 3,3 kV machines and

established failure mechanisms for higher voltage machines

10.1.3.1 Phase-to-phase related discharges

A large number of the machines (46%), which had significant PD to analyse, showed

definite phase-to-phase dependant PD (As can be seen from the LPD plots).
Phase-to-phase related PD would have an expected influence on two failure
mechanisms of 3,3 kV machines:

e End-winding contamination

¢ Inadequate spacing between coils

137

© Central University of Technology, Free State



Phase-to-phase discharges can also occur between coils in the slot (Also identified

during the dissection of motor # 250BB3).

10.1.3.2 End-winding contamination

End-winding contamination will normally lead to phase-to-phase discharges (As the
end-winding is the knuckle portion of the coil that extends beyond the stator core, and
thus away from earth). As was seen in 10.1.3.1, nearly 50% of the discharge activity
analysed, was phase-to-phase related. It is however difficult to determine (with
certainty), if a machine with phase-to-phase discharge activity is suffering from end-

winding contamination.

Motor # 380AB1 had the characteristic “hump” associated with end-winding
discharging [3, p. 66] as well as the 30° shift, from the classical position, in discharge
phase angle. Motors # 500BJ2 & 500BJ3 has the same symptoms and operates in a very
humid environment (It drives main water supply pumps, situated two stories below

level, next to the river).

10.1.3.3 Inadequate spacing between coils

Motor # 250CG2 was used for special temperature rise tests at the Test Floor. The
machine was expected to be discharging between phases, due to the close proximity of
the phase to each other on the endwinding.

The phase-to-phase relationship on the LPD plot is not as well recognisable as for some
of the other machines. However, the physical evidence found after the machine was

dissected (Figure 8.6), indicated that the machine was discharging between phases on

the endwinding.
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10.1.3.4 Electrical slot discharge and semicon/grading coating interface

deterioration

More than 80% of the machines tested (with discharge activity) at the Test Floor
experienced an increase in PD activity with an increase in temperature. The majority of
these machines experienced a bigger increase in positive discharges than in negative

discharges, indicating that discharging is occurring on the surface of the coil.

Some of the machines (e.g., 400CE1, 400KW GEC & 585AA2) are discharging at the

classic phase position, indicating possible slot discharge.

Very few of these machines are fitted with semicon or a grading coating. The increase
in the discharge activity due to an increase in temperature could therefore be attributed

to discharging in the slot due to the absence of a semicon layer.

10.1.3.5 Improper impregnation

In order to determine without a doubt if a winding was improperly impregnated, the

following actions would have to be taken:

° The complete insulating process would have to be inspected for; compatibility of
resins and tapes, adherence to minimum requirements for vacuum and pressure
cycles where applicable.

o The winding would have to be dissected.

It would be difficult to determine if a machine had high PD due to improper
impregnation, if the machine were tested after it was operating for more than a year with
a new winding. PD activity could have increased due to thermal deterioration. Motors #
305AA2 and 380AB1 were tested approximately two weeks after it was rewound. There
appear to be limited discharging occurring between phases, with the PD activity mainly
centred at the classic position (45°/225°). The cavities causing these discharges could

possible be attributed to improper impregnation.
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10.1.3.6 Loose coils

None of the machines showed any of the expected changes of discharge activity with

load.
10.1.3.7 Thermal deterioration

Thermal deterioration is such a long-term failure, that it can normally not be detected in

a period of two years.
10.2 Conclusions

e Partial discharge measurement techniques can be used to diagnose certain faults on
3,3 kV machines. It is more effective to determine the condition of random wound
motors than form coil motors.

e 3,3 kV machines, under normal operating conditions, experience partial discharge
levels that are much lower than that experienced by higher voltage machines.

e  The majority of discharge activity in 3,3 kV machines appears to be phase-to-phase
related.

e In certain cases (when phase-to-phase discharge is not totally predominant) end-
winding contamination, electrical slot discharge and inadequate spacing between
coils could be detected.

o There is no evidence that loose coils, thermal deterioration and improper
impregnation can be detected on 3,3 kV motors by using PD measurement
techniques.

e  Resin-rich machines experience the lowest levels of PD.

e Random wound machines experienced the highest levels of PD.

e Machines that were still fitted with their original windings, had lower levels of PD

than rewound machines.
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10.3 Final statement and recommendation
This paper proves that although 3,3 kV motors are not subjected to the same amount of
PD exposure than the higher voltage motors, the winding design as far as semiconductor

layers, stress relieving tapes and coil spacing is concerned, should be treated in the

same manner as the higher voltage machines.

The industry standard to neclect these protective measures on 3,3 kV motors should be

reconsidered.
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