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• Represented by a set of 20 equations
• Based on earlier GENTPF model
• No derivation process provided

GENTPJ Model Specification
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GENTPJ and GENTPF Background

• Second-order generator models

• No detailed function block diagram expression available

• Do not truly represent the electromagnetic relations 

between the generator windings
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Synchronous Generator Models

• Simulated dynamic and steady-state performance with 

reasonable & acceptable level of accuracy

• Theoretical derivation to establish a foundation if possible

• Empirical results to guide the modeling theory improvement

• Verify and revise model through actual application practices
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Second Order Generator Models



6

Conventional Models
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New Models
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GENTPJ simplification – D-axis linear

Proof of this this block diagram in Appendix
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GENTPJ simplification – D-axis linear

• Verified using GENTPJ equations with Sd=0
• Airgap fluxes only come from damper winding
• Stator armature reaction effect appears similar, 

may have difference
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GENTPJ simplification

Proof of this block diagram’s d-axis in Appendix
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Transfer Function sG(s) 

Annex H, IEEE Std 115-2019
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Impact of GENTPJ simplification, G(s)
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Transfer Function sG(s) 
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Impact of GENTPJ simplification, G(s)
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Transfer Function sG(s) 
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CONCLUSIONS

• In linear format, GENTPJ is modified from a common platform shared by some other 2nd-

order generator models;

• The modifications in GENTPJ made it not truly representing the electromagnetic relations 

between generator stator and rotor windings;

• GENTPJ has inherent inaccuracy in representing generators dynamic performance;

• GENTPJ not suitable for standstill frequency response method described in IEEE Std-115;

• GENTPJ’s impacts on generator parameter validation using other methods not fully known.  



Thank You !
Quincy.Wang@bchydro.com
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Appendix - GENTPJ Block Diagram

Generic d-axis block diagram
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Appendix - GENTPJ Block Diagram

Changes made

GENTPJ D-axis
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Appendix - GENTPJ Block Diagram

D-axis without Saturation
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Appendix - GENTPJ D-axis

From (11), Xds = Xd;  
from (13) Xddds = Xd - X”d. 
Equation (1) subtract (3), 
Vq = E”q - Iq* Ra - Id * X”d

From (5),  E’q = Eq1 + Eq2 * (Xd –
X’d)/(Xd –X”d) – Id (Xd – X’d). 
Substitute Eq2 using relation from (7), 
Eq1 = E’q + (Xd – X’d)/(X’d – X”d) * 
sT”do E”q + Id (Xd – X’d)
Substitute into (9),
sT’do E’q = Efd – E’q – sT”do E”q * 
(Xd – X’d)/(X’d – X”d) – Id (Xd – X’d)

Sd=0. In GENTPJ Model specification equations.

From (7), sT”doE”q = -(X’d – X”d)/(Xd – X”d) Eq2.
From (12), Xdds = Xd – X’d.  
Substitute (Eq1+Eq2) from (3) and above into (5),
E’q = (1 + sT”do) E”q + Id (X’d – X”d)

Equations (1), (3), (5), (7), (9), (11), (12) and (13) for d-axis relations are all used and covered.  Q-axis diagram is similar.
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Appendix - GENTPJ D-axis
From (11), (13), (1) and (3):
Vq = E”q - Iq* Ra - Id (X”d – Xl) / (1 + Sd) – Id * Xl

From (7) & (5),
Eq1 = E’q + sT”do E”q (Xd – X’d)/(X’d – X”d) /(1+Sd) + Id (Xd – X’d)/(1+Sd)
Substitute into (9),
sT’do E’q = Efd – (1+Sd)[E’q + sT”do* E”q * (Xd – X’d)/(X’d – X”d)/(1+Sd) + Id (Xd – X’d)/(1+Sd)]

From (7), (12), (3) and (5),
E’q = [1 + sT”do / (1+Sd)] E”q + Id (X’d – X”d)/(1+Sd)

Equations (1), (3), (5), (7), (9), (11), (12) and (13) for d-axis relations are all used and covered.  Q-axis diagram is similar.
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