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MY EXPERIENCES 

• Spice model development power 

mosfets, IGBTs JFET etc. 

Internship APT now Microsemi 

• Hydro Generator Overhaul 

Electrical Engineer, in-house 

WECC model validation 

PacifiCorp

• Field Services Representative 

NERC Testing, Siemens PTI

• Field Services Representative 

Reivax, NA

• Field Services Representative 

Basler Electric and formerly 

E2PSI (Basler Services) -current

• O&M Engineering, Energy 

Northwest -current



Introduced to Quincy during BC Hydro, WAC Bennett 

excitation system commissioning, June 2025

Basler DECS2100 retrofit of Cutler Hammer ECS2100

Data presented is from a hydroelectric generator tested in 

2015, with GENTPJ modeled published, The generator was 

tested in 2024 with GENQEC model. GENQEC model applied 

to 2015 data to show vee-curve difference



GENTPJ

• JOHN UNDRILL DEVELOPED

• ARMATURE REACTION SATURATES FLUX WITHIN 
STATOR CORE FINGERS. 

• USES A CURRENT SATURATION MULTIPLIER KIS TO 
REPRESENT THIS PHENOMENA

• A DEPARTURE FROM POTIER REACTANCE

• IMAGE ON THE LEFT ARE DIAMOND COIL WINDINGS 
BEING INSTALLED
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GENTPJ RESULTS

• PURPOSE -ARMATURE REACTION AFFECTS FLUX 
WITHIN STATOR CORE FINGERS

• USES A CURRENT SATURATION MULTIPLIER KIS TO 
REPRESENT THIS PHENOMENA

• A DEPARTURE FROM POTIER REACTANCE, OPEN 
CIRCUIT AND SHORT CIRCUIT TESTING PERFORMED 
DURING GENERATOR COMMISSIONING. WHAT'S 
THE ALTERNATIVE MANUFACTURER TEST? 

• INACCURATE AT THE PERIPHERY OF VEE-CURVE 
ESTIMATES. MAKE UP THE DIFFERENCE BY 
MANIPULATING SATURATION VALUES, “ADJUSTING 
THE SIMULATION KNOBS” 

• TYPICALLY SEE THE SATURATION MULTIPLIER 
INTENTIONALLY SET TO ZERO IN STUDIES 
PUBLISHED BY OTHER GROUPS. KIS SKEWS THE 
SIMULATED VEE-CURVE TO THE LEFT, INCREASING 
MEASURED VS. SIMULATED ERROR

• VEE-CURVE SHOWN USING GENTPJ. 5



VEE-CURVE 2015 DATA GENTPJ
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2015 GENTPJ, 3% AVR STEP
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2015 GENTPJ, 1% GOV STEP
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GENQEC

• WANG, QUINCY PARTICIPATED IN ITS 
DEVELOPMENT

• RE-INTRODUCES POTIER REACTANCE PRINCIPLE. 
POTIER REACTANCE CAN BE TYPICALLY 
MEMORIALIZED WITHIN COMMISSION REPORTS OR 
GENERATOR SPECIFICATIONS

• COMPATIBLE WITH OLDER GENERATION MODELS. 

• GENQEC IS NOT A MODEL BASED UPON A 
POSTULATE REGARDING FLUX VARIANCE AT THE 
GENERATOR IRON CORE FINGERS. GENQEC IS AN 
IMPROVEMENT OF OLDER MODELS.

• APPRECIATIVE OF THE WECC 2021, WHITE PAPER 
ON GENQEC
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2024 GENQEC TEST 

10



VEE-CURVE 2015 DATA GENQEC MODEL 
(IDENTICAL DATA, DIFFERENT MODEL) USING KW = 0.2 FOUND DURING 2024 TEST
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2024 GENQEC 2% AVR STEP
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2024 GENQEC, 0.5% GOV STEP

13



INSPECTING THE KIS, FLUX PINCHING IDEA
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The winding  arrangement of salient pole 
generators –double layer Diamond coils typical 
design for hydro machines 

18 poles (7200/18) = 400 RPM

162 slots/(3ph*18) = 3 slots/Zone



INFORMATION FROM THE STATOR WINDING DIAGRAM
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• A single Zone appears to be about 4 
slots, 2 Slots contain an exclusive 
phase. The rotor pole span should be 
relatively similar 4 poles

• Stator coil span is 9 Slots 
• Red, Green, Blue in CCW rotation. 

Generator is ACB wound

 



INFORMATION FROM THE STATOR WINDING DIAGRAM
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• 3 slot winding group with top and bottom coil group offset. Each A-phase zone appears to reside in 4 slots 
rather than 3. 

• Rotor shoe appears to be about 4 Slots in Span. Be mindful of the physical width due to the rotor copper coil.

 



CHART REPRESENTATION SLOTS 1 TO 10
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Looking at the Spreadsheet representation of the coils in each slot 
shows the rotor center axis aligned with the A-phase MMF center 
axis. Coils in Slot 2 and 3 Have a Leading and trailing coil side.

This generator has only 2 parallel strings of coils. The leading and 
trailing edge coil sides are part of a series of A phase coils. 
Currents  flow in slots 2 and 3 in the same direction.
Phase A (Red) shares a coil slot with another phase.

For a phase the flux direction of phase coil ends in slots 1 through 
4 have the same polarity



CHART REPRESENTATION SLOTS 1 TO 10
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• Rotor is egregiously offset to show power angle.
The idea of flux gradient across stator tooth at the periphery 
may be an explanation to variance of saturation due to 
loading. My experience with generators of different vintages, 
older generators seem to work better than newer generators. 
Xq is generally smaller on older generators. Small Xq means 
small power angle changes induce larger armature reaction 
current. 
Something else to consider, older generators have thicker 
insulation, new insulating materials are thinner allowing for 
uprates.
• Per “Design of Rotating Electrical Machines” Textbook, 

discuss the types of leakage flux listed
Leakage flux not crossing the airgap
 Slot leakage flux – shown in the image 
 Tooth tip leakage flux
 End winding leakage flux
 Pole leakage flux
Leakage flux crossing the airgap
 Short pitching
 spacial distribution

        

Short pitching and special 
distribution leakage flux a better explanation for
Saturation dependency to generator loading?



SHORT PITCH AND SPACIAL DISTRIBUTION
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Quincy Wang’s MVS presentation represents the 
effects of short pitch tp/t.

Design of Rotating Electrical Machines
(Pyrhonen et al., 2013)



SUMMARY
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• The GENTPJ Model has been applied to hydroelectric generators for over a decade, this model produces 
challenges for those producing the generator models (GOP). GENTPJ incorporates a saturation multiplier. It 
provides an offset to the Vee-Curve. This means similar effects can be made by adjusting XD, Xl or saturation 
constants. “More knobs to turn”.

• Validation testing work using the GENQEC has so far shown better results to GENTPJ. The GENQEC white paper 
regarding the application of GENQEC is most insightful. Understanding how to get the models out of the 
generator is paramount!
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