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Introduction

• Background on Te Āpiti windfarm

• Turbine Set up

• Generator Failures
• Impact 
• Types of Failure
• Actions Taken
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Background on Te Āpiti

• 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

• Class F Insulation (155˚C)

• Run to Class B (130˚C)

• Peak Temps between 120˚C 

and 155 ˚C

• Known issue with some 

hoses
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Generator Temperature Trends

Slight correlation with lifetime but…

• Hose Damage

• Rusted fittings

• Coolant Condition

• Generator cooling circulation?



Generator Testing

What we test with the Baker

• Insulation Resistance & PI

• Step Test

• Surge Test 



Generator Testing

Leads Lead 1=U1 Lead 3=U2
Lead 2=V2 Earth=V1

Lead 1=U1 Lead 3=U2
Lead 2=W1 Earth=W2

Lead 1=V1 Lead 3=V2
Lead 2=W1 Earth=W2

Test 
Configuration

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

Voltage 1.7kV 1.0kV 2.5kV

Result Fail Fail Pass

Screen Shot



Basic Single Line Diagram

Auxiliary 

supplies

22 kV 

Feeder

Surge 

Arrestor
Thyristor

Starting

Induction 

Generator

Power Factor 

Correction 

(17 Modules)

690 V
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Power Factor Correction

No correlation between step 

operations and generator failure

But condition could be a factor…

• Capacitors

• Discharge Resistors 

• Smoothing Resistors 

PFC Module
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Preventative Maintenance

Auxiliary 

supplies

22 kV 

Feeder

Surge 

Arrestor
Thyristor

Starting

Induction 

Generator

Power Factor 

Correction 

(17 Modules)

690 V



Summary

• Base test of all generators on the farm

• Testing generator subsystems on installation

• Maintenance Plans

• Improving our response plan



Questions or Suggestions…?
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