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Electrical Properties of Wet Bars

in Water-cooled Generator Stator Windings
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Abstract: Insulation breakdown of water-cooled generator

stator windings occurs frequently due to

leakage of cooling water and absorption into the insulation material. Leakage and absorption problems of

water—cooled stator windings are often found during regular preventive maintenance. To evaluate cooling

water leakage and absorption, diagnostic tests were performed on two water-cooled turbine generators,

which have been in service for 13 and 17 vears, respectively.

The test results of the measured electrical

properties such as dissipation factor(tan), capacitance and AC leakage current for water cooled generator

stator windings with wet bars are reported in this paper.

Keywords: Water-cooled generator, Stator winding, Cooling water leakage, Diagnostic test, Dissipation

factor, Wet bar
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Fig. 1. water-cooled generator and

Structure  of
cross-section  of

stator windings. {(a) structure of

water-cooled generator, (b) cross-section of stator

windings.
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Fig. 2. Water windings
and water box structure. (a) water absorption, (b) water

box structure.
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Table 1. Rating of water-cooled generator.

?i?:fll-_e d Voltage Capacity  Insulation  Operation
[kV] [MW] class vears
generator -
A 22 500 B 17
B 22 1,000 B 13
Aluminum Feil
Aluminum Foll
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Trhine shde end cosl

Water Box
Waler Box

Fig. 3. Structure of A generator stator windings.
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Fig. 4. Structure of B generator stator windings.
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Fig. 5. Measurement position of A generator stator

windings.
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Table 2. Dissipation factor of A generator [Unit:%)].

Measurement . Ll

.. Exciter Turbine
position

1 19.8 11.6
2 22.8 9,24
3 15.1 8.11
4 952 5.98
5 812 6.55
6 7.78 6.38
7 7.83 6.31
8 7.12 6.70
9 6.72 6.33
10 6.09 5.65

tand (%)

Measuring point

Fig. 6. Comparison of dissipation factor in A generator
stator windings.
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Table 3. Dissipation factor of B generator stator
windings.
Voltage tans[ %)
[kV] " Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
1 709 861 277 134 166 177
3 734 875 287 137 171 188
5 810 933 312 166 196 208
7 946 100 367 209 257 263
9 105 109 462 272 336 355
11 112 118 564 352 426 445
11.3 114 120 593 368 445 453
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Table 4. Capacitance of A generator stator windings
[Unit:pF].

Measurement

. Exciter Turbine
position
1 3221 2758
2 2969 253.7
3 2899 255.8
4 264.8 245.1
5 253.1 2456
6 259.1 2455
v 251.6 246.8
8 2539 249.1
9 2526 2481
10 2473 243.8
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Fig. 7. Comparison of capacitance in A generator stator
windings.

Table 5. Capacitance of B generator stator windings.

Voltage Capacitance[ nf]
[kV1 " Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
1 1677 1674 1191 1122 1130 1017
3 1682 1676 1191 1122 1130 1017
5 1695 1684 1192 1124 1132 1.020
7 1724 1695 1198 1128 1137 1.027
9 1752 1710 1203 1134 1145 1.039
11 1778 1726 1211 1.142  1.154 1053
1.3 1782 1729 1213 1143 1155 1055
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Table 6. AC leakage current of A generator stator
windings [Unit:Al.

Measurt‘eIHEHl Exciter Turbine
position

1 0.731 0.626

2 0675 0.574

- 0.658 0.580

P 0.602 0.554

5 0.572 0.555

6 0.588 0.555

. 0.570 0.561

8 0.576 0.565

9 0571 0.563

10 0561 0.551
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H
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Measuting point

AC

Fig. 8. Comparison of leakage current in A

generator stator windings.
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Table 7. AC leakage current of B generator stator
windings.

Voltage AC current[mA]

[kV]  Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
1 0635 0631 0461 0423 0431 0.386
3 1904 1898 1358 1269 1277 1.149
5 3188 3178 2250 2127 2136 1925
7 4561 4474 3158 2984 3010 2710
9 5943 5821 4088 3862 3892 3530
11 7345 7158 5004 4740 4780 4.356

11.3 7590 7350 5147 4869 4919 448
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Fig. 9. SEM micrographs of zone 1 stator winding. (a)
water box, (b) ground fault.
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Fig. 10. SEM micrographs of zone 2 stator winding. (a)
magnification: 50x, (b) magnification: 1,000x.

Fig. 11. SEM micrographs of zone 4 and zone 5 stator

windings. (a) zone 4, (b) zone 5.
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Fig. 12. SEM micrograph of

zone 6 stator winding.
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