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Introduction

e Background on Te Apiti windfarm
e Turbine Set up

 Generator Failures
* Impact
* Types of Failure
* Actions Taken

Te Apiti Generator Investigation




Background on Te Apiti

Commissioned 2004
55 x 1.65MW turbines

110kV connection to National Grid at
Woodville Substation

Maintenance taken over by Meridian in 2014

Major Works in the last Year

* Hub Refurbishment

» Blade Repairs

« Gearbox & Generator Replacements




Impact of Generator Failures

* Time of Failure

* Number of Spares

* Time to refurbish a Unit

» Cost of Refurbishment and Generator
Exchange

Time, Cost & .
Uncertainty. - Risk




Turbine Layout (Major Electrical

Components)

Nacelle
» Generator (690 V)

Base

* Thyristors
 Power Factor Correction
« Surge Arrestors

« Generator Circuit Breaker
« Transformer (0.69/22kV)

—



Our Approach

» Repair Work Design and Time Improvements
» History of Units Contributing factors and patterns
« Condition Monitoring Trends being monitored online

» Testing Insulation Condition

« Maintenance Other turbines components



Previous Failures

Squirrel Cage Induction
Generator

Random Wound
Liquid cooled

Full Load Power Factor
Correction




Previous Failures

Vibration of the windings
Over Voltages
Contamination

Abrasion




Previous Failures

Vibration of the windings
Over Voltages
Contamination

Abrasion




Generator Temperature Trends

Average Maximum Temperature over the
Generator Lifetime
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Maximum Winding Temperatures on Te Apiti Generators
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Generator Temperature Trends

Slight correlation with lifetime but...
 Hose Damage

* Rusted fittings

« Coolant Condition

* Generator cooling circulation?




Generator Testing
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What we test with the Baker
* |nsulation Resistance & Pl
« Step Test

* Surge Test
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Generator Testing

Leads Lead 1=U1 Lead 3=U2 Lead 1=U1 Lead 3=U2 Lead 1=V1 Lead 3=V2
Lead 2=V2 Earth=V1 Lead 2=W1 Earth=wW2 Lead 2=W1 Earth=wW?2

Test Lead2-Lead3 (U-V) Lead2-Lead3 (U-W) Lead2-Lead3 (V-W)
Configuration

1.7kV 1.0kV 2.5kV




Basic Single Line Diagram

690 V

Auxiliary ; Ké

supplies

e
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22 kV Surge Thyristor Induction Power Factor
Feeder Arrestor Starting Generator Correction
(17 Modules)




220 — 240V
50/60 Hz

15 Torminal Wit ENTR 800 = (3
Des. # 600 lel’llll,; 2 AWG. Al
e et







Power Factor Correction

No correlation between step
operations and generator failure

But condition could be a factor...

« Capacitors AMA—— AMA—

» Discharge Resistors

« Smoothing Resistors '

I
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PFC Module



Turbine PFC Step 1 Warianc Step 2 Varianc Step 3 VYarianc Step 4 VYarianc Step 5 Varianc Total Variance Shortfall Expecte Total Priority

Number UPDATI 300kYA 52 250k A 32 150kVA 32 100kVA 32 SOKVAr 32 kW ar > kVAr kVAr  Shortfa order
TAPSS |3.5.2016] 2523 34.3 2.2 gd.5)  1530.4 g6.3 1042 104 213 1058 o506 31.5 B3.4
TAPZ1 1352014 313 1045 251 1004 143 353 g3 g3 52 104 a5 33.5 2.0
TAPZZ |16.5.2014 J07[ 025 221 gid.d 160 06 ¢ 106 106 52 104 gd6 33.5 4.0
TAPZE | 7. 7.2016 283 34.3 221 gid. 4 140 333 35 35 1 10z 31 331 53.0
TAPZE | £.5.2016 261 gr.0 215 6.0 157 104 LS i) 33 T3 Td5 gr.5 103.0
TAP40 156.6 G2 164.1 i =) ] 0.5 63.5 G3.5 4.2 6.4 55039 G535 £63.1 sizonol Eaa T
TAP43 |16.16 256 5.3 232 2.5 137 313 aT g 43.7 33.4 TE1T 3.6 5.3
TAP43 157.1 2.4 1371 3.0 1.5 7d.3 VT Fif| 41.1 g2 553.39 G5, 7 £66.1
TAPZ4 2124 FO.8 1583 53,3 107 1.3 6.2 TE.2 34.G G3.5 o557 533 2613
TAPZ3 2128 F0.3 1723 G653 1042 53.5 G35 G5.5 2.6 G5.2 230.4 G3.5 255.6
TAP4T 240.5 g0.2|  133.3 3.3 7.4 43.5 431 431 4.2 Gi3.4 230.5 G3.5 £53.5
TAP4d 2152 =AY 6.3 3.1 55.4 i i 4.6 G3.2 5233.6 G3.5 256.4
TAP45 2107 F0.2| 1786 Fld| 1054 T3 ES.8 E5.8 333 BE.5 S36.5 0.2 2532
TAP41 201.4 E7.1 171.3 53.5 1.8 7.5 786 756 34.8 £3.6 535.5 7.4 2515
TAPS4 157 B3 131 6.4 102 £3.0 3.3 533 35.2 7.4 5331 F0.5 250.9
TAP42 2151 T 1533 FaEl 1045 E3.7 E7.4 E7.4 31 BE.2 G0 1.1 246.0
TAP 2323 774l 1365 T8.6 102 £3.0 o3 ] 28.4 5E6.5 5122 2.0 2378
TAPZ3 2213 T35 175 7.0 5.3 5.3 707 0.7 3.6 £3.2 £15.3 725 2331
TAP30 2187 e R = 743  108.4 723 705 705 34 55 517.1 726 2329
TAP3T 237 3.0 130.1 TE.0 377 £5.1 EE.Z2 BE.2 28.7 57.4 £13.7 723 2303 w7enal =0T 2
TAP32 196.2 E5.4 133 3.6 2.3 753 T35 T35 40.4 50.5 [y T3.2 228.0
TAPS1 2261 E.0 151.1 6.4 .2 7.1 E1.3 E1.5 .8 E3.6 5241 T3 225.9
TAPS3 22001 T34 135 75.0 0.2 735 T35 T35 273 5d.6 526.1 T3.T 223.9
TAPS0 203.5 E7.3 2077 53.1 1.4 7.3 803 503 24.2 45.4 E27.4 T35 2228
TAP13 1922 B4 2033 3.3 121.5 1.0 B5.7 B5.7 41.1 .2 Bz5.5 4.0 2212
TAPZ0 213 704 2043 g1.7 3.2 9.5 B33 B33 331 6.2 B30.2 7.1 £13.8
TAPO4 £20.3 7id| 2046 513 N3.5 757 T2 T2 ETT 55.4 535,28 5.1 £11.13]
TAP33 £33.2 Fifi 157 7.8 1033 Ti2 T35 T35 36.2 T4 535,28 5.1 1113
TAPZS £23.3 i O = 3.3 n7 5.0 [ il 4.2 6.4 Gd7.2 761 2025
TAPO3 £34.1 76.00 1334 733 1075 i T23 T2 37.é Td.q4 B50.5 6.5 133.5
TAPOS 213 3.0 212 gd. 5 3.2 73.5 i =] it =] 4.5 63.5 G51.6 6.7 133.4
TAPET 2321 ird| 1374 3.0 5.7 771 k) il.d 35.3 T0.5 §51.3 6.7 133.1
TAP3 245, g7 1377 3.1 2.5 7.2 G7.1 G7.1 35.7 1.4 G55.5 Filfit=] 131.5
TAPO3 2341 78.00 2103 . 4 6.6 T G537 G3.7 321 Gd. 2 G53.4 5.0 156.6
TAP1G 24 g0.3| 2028 1.1 13 9.3 1.5 715 33.G G7.5 G55.1 TE.2 154.3
TAP3E 2346 re.2| 2053 g2.4 ne.z 8.1 T i 35.9 .8 EES.5 F8.3 154.7
TAPD3 2432 811 2105 gd.2]  100.3 B7.3 724 ) 38.8 716 EES.5 F8.3 154.2
TAP33 2413 0.4 2034 51.4 113.3 7525 7T 1T 36.2 2.4 EE5.59 T8 154.1
TAP3 245.7 1.3 2043 51.7| 105.4 0.3 i T 36.2 2.4 BE5.6 78.7 181.4] 17E50.0) 36313 3
TAPS 2432 811 1373 3.2 2.3 753 [EAl Al 40.3 50.5 571.4 3.0 1738.6
TAPT 241.4 0.5 2033 gd.0 2.7 5.1 T3 T3 34.5 53 5713 3.0 175.1
TAPTZ 246.5 g2z 2025 51.0 3.2 7525 2.5 725 35.4 .5 5731 7.2 176.39
TAP1D 255.4 821 1376 73.0 2.3 7d.3 VB2 B2 334 BE.5 E7d.9 73.4 175.1
TAP13 240.6 802 2021 50.5 1218 512 TaT TE.T 33.4 8.8 E52.6 50.3 167.4
TAPOT 256.2 5.4 2108 gd.3  103.3 53,33 763 763 35.4 .5 B53.2 50.d 166.5
TAPE 2437 g2 T2 5E6.3 6.3 L= TTE FT.E 43.3 57.5 E35.7 527 1513
TAPOE 246.6 G272 2183 57.5 3.5 737 785 T5.5 35.3 1.5 £33.7 523 150.3
TAP4E 245.5 1.5 2203 g5.d4| 1376 317 a7.3 g7.3 20 40 7113 53.5 135.1
TAPOZ £33.3 338 =033 dd.0 116.4 P16 T6.1 V6.1 35.5 716 T35 di5.5 2.5




Preventative Maintenance

690 V
Auxiliary ;zzé
supplies
22 kV Surge Thyristor Induction Power Factor
Feeder Arrestor Starting Generator Correction

(17 Modules)
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Summary

Base test of all generators on the farm
Testing generator subsystems on installation
Maintenance Plans

Improving our response plan
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Questions or Suggestions...?




