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Specifying Generators for Specifying Generators for 
Wind Turbine ApplicationsWind Turbine Applications

•• Open vs. Totally EnclosedOpen vs. Totally Enclosed
–– Water to Air Water to Air 
–– Air to Air Air to Air 
–– OtherOther

•• Form Wound vs. Random WoundForm Wound vs. Random Wound
–– Random Wound Stator, Preformed RotorRandom Wound Stator, Preformed Rotor

•• Insulated/NonInsulated/Non--Insulated/Ground BrushInsulated/Ground Brush

•• Fault Torques Fault Torques –– Gearbox LoadsGearbox Loads

•• Efficiency 94 Efficiency 94 -- 95% vs. 96.5 95% vs. 96.5 –– 97.5%97.5%

•• Wind a Unique Application Wind a Unique Application –– Environment and Thermal Fatigue Environment and Thermal Fatigue 
CyclesCycles



Generator Questions for the IndustryGenerator Questions for the Industry

Should the Wind Industry Deal More Formally with 
the Lack of Uniformity in Generator Supply.

Would the Wind Energy Industry Benefit from a 
Generator Version of AGMA 6006??



Insulation Insulation MaterialsMaterials StandardsStandards

•• IEEE Standard No. 1 IEEE Standard No. 1 –– Recommended Practices Recommended Practices 
for Temperature Limits in the Rating of Electrical for Temperature Limits in the Rating of Electrical 
Equipment and for the Evaluation of Electrical Equipment and for the Evaluation of Electrical 
InsulationsInsulations

•• IEC Publication No. 60085 IEC Publication No. 60085 –– Thermal Evaluation Thermal Evaluation 
and Classification of Electrical Insulationand Classification of Electrical Insulation

•• Significant Harmony Between the Two Significant Harmony Between the Two 
Standards, but not Complete HarmonyStandards, but not Complete Harmony



Related IEEE StandardsRelated IEEE Standards

•• #117 Standard Test Procedure for the Evaluation of Systems of In#117 Standard Test Procedure for the Evaluation of Systems of Insulating Materials sulating Materials 
for Random Wound AC Electric Machineryfor Random Wound AC Electric Machinery

•• #275 Recommended Practice for Thermal Evaluation of Insulation S#275 Recommended Practice for Thermal Evaluation of Insulation Systems for ystems for 
Alternating Current Electric Machinery Employing Form Wound PreAlternating Current Electric Machinery Employing Form Wound Pre--Insulated Stator Insulated Stator 
Coils Rated 6900 V and BelowCoils Rated 6900 V and Below

•• #304 Standard Test Procedure for Evaluation and Classification o#304 Standard Test Procedure for Evaluation and Classification of Insulation Systems f Insulation Systems 
for Directfor Direct--Current MachinesCurrent Machines

•• #429 Recommended Practice for Thermal Evaluation of Sealed Insul#429 Recommended Practice for Thermal Evaluation of Sealed Insulation Systems for ation Systems for 
AC Electric Machinery Employing Form Wound Coils PreAC Electric Machinery Employing Form Wound Coils Pre--Insulated Stator Coils for Insulated Stator Coils for 
Machinery Rated 6900V and BelowMachinery Rated 6900V and Below

•• #1107 Recommended Practice for Thermal Evaluation of Sealed Insu#1107 Recommended Practice for Thermal Evaluation of Sealed Insulation Systems lation Systems 
for AC Electric Machinery Employing Random Wound Coilsfor AC Electric Machinery Employing Random Wound Coils

•• #1043#1043--1996 IEEE Recommended Practice for Voltage Endurance Testing of 1996 IEEE Recommended Practice for Voltage Endurance Testing of Form Form 
Wound Bars and CoilsWound Bars and Coils



IEEE 275 IEEE 275 –– Accelerated Aging Test Accelerated Aging Test 
for Thermal Degradation for Thermal Degradation 

•• 1992 Rewrite of 1981 Recommended Practice 1992 Rewrite of 1981 Recommended Practice 
(Materials/Rotating Equipment Committee of (Materials/Rotating Equipment Committee of 
PES) PES) 

•• Construction of quantity of Construction of quantity of ““FormettesFormettes””
•• Thermal Cycles Thermal Cycles 
•• Mechanical Stress CyclesMechanical Stress Cycles
•• Humidity CyclesHumidity Cycles
•• OvervoltageOvervoltage CyclesCycles
•• OhmicOhmic MeasurementMeasurement



IEEE 275 Test Specimen



Test #1 Duration Test #2 Duration

Temperature Chamber Test at 170 Deg. C 28 days Temperature Chamber Test at 190 Deg. C 7 days

I hour shaker test at 170 Hz. (orthogonal to slots) 1 day I hour shaker test at 170 Hz. (orthogonal to slots) 1 day

95 - 100% humidity exposure 2 days 95 - 100% humidity exposure 2 days

Voltage Tests (inter - turn, turn - turn, turn - ground) 1/2 day Voltage Tests (inter-turn, turn-turn, turn-ground) 1/2 day

Trial Test Duration 31.5 days Trial Test Duration 10.5 days

Likely # of Cycles 10 Likely # of Cycles 10

Total Test Duration 315 days Total Test Duration 105 days

Test #3 Duration Notes:
1 The tests could be performed with all insulations 

Temperature Chamber Test at 210 Deg. C 2 days systems in parallel to reduce total time - assumes 
we can get large chambers.

I hour shaker test at 170 Hz. (orthogonal to slots) 1 day
2 Temperature cycles should be +/- 2 deg. C.

95 - 100% humidity exposure 2 days
3 Temperatures selecte based on 40 deg. C ambient

Voltage Tests (inter - turn, turn - turn, turn - ground) 1/2 day 105 deg. C rise. - Not on insulation system rating of 
180 deg. C.

Trial Test Duration 5.5 days
4 Shaker tests are one hour in duration, but require

Likely # of Cycles 10 set up time.

Total Test Duration 55 days 5 Voltage tests are 1kV inter turn, 3 kV turn-turn and
turn to ground.

6 Three insulation systems are being proposed for 
testing:
a system being used in the field today - baseline
b - description
c - description

7 Attmept to use full stator rather than formettes

IEEE 275 Test Regime



IEEE 1043 Voltage Endurance TestIEEE 1043 Voltage Endurance Test

•• Utilizes full length form wound coil.Utilizes full length form wound coil.
•• Test subjects specimens to temperature, Test subjects specimens to temperature, 

high voltage looking for minimum time to high voltage looking for minimum time to 
failure failure 

•• Failure defined as % reduction of ground Failure defined as % reduction of ground 
insulation within a given time period.insulation within a given time period.

•• Tests typically run from 250 to 400 hours.Tests typically run from 250 to 400 hours.
•• Multiple specimens used.Multiple specimens used.



Advances In Power SemiconductorsAdvances In Power Semiconductors

•IGBT  Technology

Sub- Micron Geometries Enabling 
Trench Gate Designs to 1700 V

•Advances in Packaging

Al Si C Base Plate Matches 
Ceramic TC Better than Copper 

Medium Voltage Systems for 
Large Turbines6500 V/600 Amp 
Device available for 1 year now



Integrated Gate Controlled Integrated Gate Controlled 
ThyristorThyristor (IGCT)(IGCT)
•• Available over the Last 5 Available over the Last 5 

YearsYears
•• Non Non ––Isolated Hockey Isolated Hockey PukPuk

Package allows Two Sided Package allows Two Sided 
CoolingCooling

•• Monolithic Silicon Monolithic Silicon –– Can be Can be 
fused protectedfused protected

•• 91 MM Device rated at 6.5 91 MM Device rated at 6.5 
kV and 2000 AmpskV and 2000 Amps

•• Headed for 10kVHeaded for 10kV



The EndThe End


