
    

出國報告出國報告出國報告出國報告（（（（出國類別出國類別出國類別出國類別：：：：實習實習實習實習））））    

    

    

    

    

發電機組模型參數量測與確認發電機組模型參數量測與確認發電機組模型參數量測與確認發電機組模型參數量測與確認    
    

    

    

    

    

                                                                                        

服務機關服務機關服務機關服務機關：：：：台灣電力公司台灣電力公司台灣電力公司台灣電力公司        

姓名職稱姓名職稱姓名職稱姓名職稱：：：：胡澄讚胡澄讚胡澄讚胡澄讚    儀電課長儀電課長儀電課長儀電課長    

派赴國家派赴國家派赴國家派赴國家：：：：加拿大加拿大加拿大加拿大    

    出國期間出國期間出國期間出國期間：：：：97/08/20 97/08/20 97/08/20 97/08/20 – 97/09/03 97/09/03 97/09/03 97/09/03    

報告日期報告日期報告日期報告日期：：：：97/10/97/10/97/10/97/10/    

    

QP – 08 – 00   F04 

 



 

–



 1 

                              

 

:------------------------------------------------- 2 

:------------------------------------------------- 5 

:---------------------------------- 30 

:------------------------------------------------------- 30 

-------------------------------------------------------------------------- 31 



 2 

 

 



 3 



 4 

 



 5 

1  

2  



 6 

1  
2  
3  
4  
5  
6  
7  

 
 
 
 
 
 
 

 
 

 
 

 
 

 



 7 

 

 

Equipment Level A Level B Level C 

Generator 

Xd. 

Xq 

T’
do 

H 
S1.0 
S1.2 

d-axis reactance 

q-axis reactance 
d-axis transient time 
inertia constant 
saturation factor 
saturation factor 

X”
d 

X”
q 

X’
d  

X’
q 

Xl 

T’
qo 

T”
do 

T”
qo 

d-axis subtr reactance 

q-axis subtr reactance 
d-axis trans. reactance 

q-axis trans. reactance 
leakage reactance 
q-axis transient time 
d-axis subtran time 
q-axis subtran time 

Ra 

X2  
R0 

X0 

... 

stator resistance 
neg. seq reactance 
zero seq 
resistance 
zero seq reactance 
... 

Exciter 

Efd max 

Se(E) 

Ke 

Te 

... 

max field voltage 
dc exciter saturation 
exciter field constant 
exciter field time  
... 

KP 

KI  

XL 
� 
Kc 

Kd 

... 

potential source gain  
current source gain 
coupling reactance 
source phase angle 
rectifier factor 
exciter factor 
... 

Se(E) 

... 
ac exciter 
saturation 
... 

AVR & Limiters  

Ka 

Ta 
Vrmax 

Xcomp 

Tb/Tc 

Kf /Tf 

... 
OEL 
UEL 
V/Hz 

regulator gain 

regulator time 
max control output 
compensator setting 
gain reduction time 
rate feed gain/time 
... 
Limiter type/setting 
Limiter type/setting 
Limiter type/setting 

... ... Tr 

... 
filter time constant 
... 
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Equipment Level A Level B Level C 

PSS 

I 
Kpss 
Tw 
T1~2 
T3~4 
T5~6 

Vst 
... 

signal type 
stabilizer gain 
washout time 
lead/lag time 
lead/lag time 
lead/lag time 
output limit 
... 

T8/9 
n/m 
... 

tracking filter 
filter orders 
... 

A1~6 
... 

filter time  
... 

Turbine 

Kturb 

K1~6 
Pmax 
Qnl 
... 

turbine gain (hydro) 
power fractions 
max turbine output 
no-load flow 
... 

Tw 

T1~4 
...  
 

Water time const 
turbine time 
constants. 
... 

D 
... 

turbine damping 
... 

Governor 1 

R  
Edb 

Uo/Uc 
Kpgov 
Kigov 
Kdgov 
Tdgov 
... 

permanent droop 
frequency dead band 
valve open/close rate  
proportional gain 
integral gain 
derivative gain 
derivative time const. 
... 

r 
Tr 

... 
 

temporary droop 
dashpot time 
... 

... ... 
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Ido, 

D-axis 

Q-axis 

Xad*Ifd 

IdoXd 

Ido*X’d 

Vector diagram for an underexcited 

Ido*X”d 

V(t) = Xad Ifd +Ido (Xd- X’d) exp(-t/T’do) + Ido (X’d –X”d) exp(-t/T”do) 
h1 = Ido(X’d-X”d) 
h2 = Ido(Xd-X’d) 
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Xe = dV/IS

dV: stator voltage 
difference (p.u.)

IS:  Stator current       
interrupted (p.u.)

Therefore,

Xe = (1.019-1.008)/

(785/4838)

=   0.06
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 31 

.  

1) 

open-circuit response; 2) small-signal performance; 3) large-signal or transient performance.

  

1. Open-circuit saturation test 

2. Field short-circuit test 

3. Direct-axis test 

4. Quadrature-axis test 

5. Exciter step response tests 

6. Volts per hertz limiter test 

7. Under excitation limiter test 

8. Over excitation limiter test  

9. PSS step and frequency response tests 

10. PSS tuning tests including the gain margin test and performance test 

11. Reactive power capability test 
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.  
 

1 `  

Manufacturer............................. ********************************* 

 Type..........................................Direct-Hydrogen Cooled Rotor-Water Cooled Stator Winding 

kVA ........................................... ***,000 

kW............................................. ***,000  

Volts.......................................... **,000 

Voltage Range ..........................+/- 5% 

Amps......................................... **,943 

Excitation Volts..........................440 

Excitation Amps ........................ *,410 

Rating........................................Continuous 

Speed........................................3,600 rpm 

Power Factor.............................0.9 

Phase........................................3 

Connection ..............................Y 

Rated Gas Pressure..................60 psig 

Standard ...................................ANSIC 50 

Insulation Class.........................B 

Maximum Inlet Gas ...................115°F 

Date of Manufacture.................. **** 

 

2  

Manufacturer............................. ******** 

Type..........................................Static Excitation System 

Control ...................................... ***************** 

Model ........................................ ******************* 

Main Supply ..............................Generator Terminals 

Auxiliary Supply.........................Station Battery (125 V) for Field Flashing 

Excitation Transformer ..............3 Phases, HV / LV **,000 V : **0 V 



 33 

Max. Cont. System Current ....... *,*00 A 

Ceiling Current .......................... *,*50 A 

Application Time of Ceil:............20 Sec. 

Positive Ceiling Voltage............. *,*35 V 

 

3  

Manufacturer............................. ************************** 

Type ........................................ *********, Single-Reheat 

Rated Output............................. *** MW  

Rated Speed .............................3,600 rpm 

Inlet Steam Pressure.................2365 psia  

Inlet Steam Temperature...........1000°F  

Reheat temperature ..................1000°F 

Back Pressure...........................3.0” Hg 

Stages.......................................HP, IP, LP1, LP2 

Dates ........................................ **** 

 

4  

Manufacturer............................. ****************************************** 

Type..........................................Mechanical – Hydraulic Full Arc Control 

 
 

Table -1: Generator Base Values 

Power  
(MVA) 

Stator Voltage 
(kV) 

Stator Current  
(Amps) 

Field Voltage 

(Volts) 
Field Current 

(Amps) 

***.0 20 **,943 148.6 1600.4 
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1  

The synchronous generator model parameters were revalidated based on the test results from the 

following tests: 

� Open-circuit saturation test 

� Field short-circuit test 

� Direct-axis test 

� Qudrature-axis test 

Table -1: Synchronous Generator Parameters 

Parameters 
(Model GENROU) 

Description 
Existing 
Value (1) 

Revalidated 
Value (2) 

Xd (unsaturated) D-axis synchronous reactance, p.u. 1.** 1.8* 

X'd (unsaturated) D-axis transient reactance, p.u. 0. ** 0.3* 

X"d (unsaturated) D-axis sub-transient reactance, p.u. 0. ** 0.2* 

Xq (unsaturated) Q-axis synchronous reactance, p.u. 1. ** 1.8* 

X’q (unsaturated) Q-axis transient reactance, p.u. 0. ** 0.5* 

Xl   (unsaturated) Stator leakage reactance, p.u. 0. ** 0.1* 

T'do  D-axis transient open-circuit time constant, sec. 3.** 4.4* 

T"do  D-axis sub-transient open-circuit time constant, sec. 0. ** 0.0* 

T’qo  Q-axis transient open-circuit time constant, sec. 0. ** 0.8* 

T"qo  Q-axis sub-transient open-circuit time constant, sec. 0. ** 0.0* 

H Gen. and turbine combined inertia, MW• sec/MVA 2. ** 3.2* (3) 

D Damping factor, p.u. 0.0** 0.1* 

S1.0 Saturation factor at 1 p.u. flux 0.0** 0.04* 

S1.2 Saturation factor at 1 p.u. flux 0.** 0.2** 

Ra Stator resistance, p.u. 0.0** 0.00* 

Rcomp Compounding R for voltage control, p.u. 0.0 0.* 

Xcomp Compounding X for voltage control, p.u. 0.0 0.* 

 

2  

 PSS/E ( PSS/E type 
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EXST1 model

 

 

Figure -1: Type EXST1 Excitation System Model 

 
 

Table -2: AVR Settings within Unitrol-P 

Parameter Description Setting  

AVR-Ta Voltage regulator setting time constant, millisecond 5** 

AVR-Tb Voltage regulator setting time constant, millisecond 1* 

AVR-Vo Voltage regulator static gain, pu 7** 

AVR-Voo Voltage regulator high-frequency gain, pu 7* 

AVR-Vp Voltage regulator intermediate-frequency gain, pu 7* 

AVR P-static Voltage regulator active power compensating factor, % 0.* 

AVR Q-static Voltage regulator reactive power compensating factor, % 0.* 
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Table -3: Excitation System Parameters 

Parameters 
(Model EXST1) 

Description 
Validated 
Value (1) 

TR Voltage transducer time constant, seconds 0.0* 

VIMAX Maximum control error, p.u. 1* 

VIMIN Minimum control error, p.u. -1* 

TC Lead time constant of transient gain reduction, seconds 0.5** 

TB Lag time constant of transient gain reduction, seconds 5.** 

KA Voltage regulator gain, p.u. 7** 

TA Voltage regulator time constant, seconds 0.0** 

VRMAX Maximum voltage regulator output, p.u. 8.* 

VRMIN Minimum voltage regulator output, p.u. -7.* 

KC Excitation system regulation factor, p.u. 0.0* 

KF Rate feedback gain, p.u. 0.* 

TF Rate feedback time constant, seconds 1.* 

Note: (1) Calculated based on the AVR settings and further validated from the field tests. 
 
 
3  

NERC PSS

PSS IEEE
4-

PSS  

Figure -2: Type PSS2A Dual Input PSS model 
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4 -  

4-3 GEC IEEEG1 PSS/E

GE PSLF

4-5  

Figure -3: Type IEEEG1 Turbine Governor Model 
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Table -4: Power System Stabilizer Parameters 

Parameters 
(Model PSS2A) Software Setting (1) Validated Value (2) 

ICS1  1 * 

REMBUS1 0 0 

ICS2 * * 

REMBUS2 * 0 

M 5 * 

N * 1 

Tw1  4.***** 5.** 

Tw2 4.***** 5.** 

T6 0.0 0.** 

Tw3 4.***** 5.** 

Tw4 0.0 0.** 

T7 5.0 5.** 

KS2 (=T7/2H) 0.7******) 0.**** 

KS3 1.0 1.** 

T8 0.5 0.** 

T9 0.1 0.** 

KS1 3.**** 4.*** 

T1 0.0***** 0.**** 

T2 0.02 0.*** 

T3 0.0***** 0.*** 

T4 0.02 0.** 

VSTMAX 0.0***** 0.****** 

VSTMIN -0.04**** -0.0*** 
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Table -5: Turbine Governor Parameters 

Parameters 
(Model IEEEG1) 

Planning Data (1) Revalidated Data (2) 

K 25 *.*** 

T1 0.1 0.*** 

T2 0.0 0.*** 

T3 0.1 0.*** 

UO 0.0853 0.0*** 

UC -0.853 0.*** 

Pmax 1.0  1.*** 

Pmin 0.0 0.*** 

T4 0.1 0.*** 

K1 0.275 0.*** 

K2 0.0 0.** 

T5 2.5 2.** 

K3 0.417 0.*** 

K4 0.0 0.** 

T6 0.256 0.*** 

K5 0.308 0.*** 

K6 0.0 0.*** 

T7 0.0 0.*** 

K7 0.0 0.*** 

K8 0.0 0.*** 

Notes:  
(1) Validated in the 1998 NERC generator testing (on the base of***.*** MVA) 
(2) Revalidated after the turbine HP, IP & LP stages retrofitted (on the base of *** MVA) 
(3) Derived from the load rejection test. 
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5  

4-

 

Table -6: Reactive Power Capabilities 

 Test Conditions 

Q (MVAr) P (MW) V terminal 
(kV) 

I stator 
(kA) I field (A) T field (°C) V240 (kV) 

Max 180 *** 2*.** 12.* 4200 62.5 26*.* 

Min -53 *** 1*.** 12.* 3086 55.0 261 

 

.  

 

1 Open-Circuit Saturation Test 

Table -1: Open-circuit Saturation Data 

Field Voltage 
(V) 

Field Current 
(A) 

Terminal Voltage 
(kV) 

Unit Speed  
(Hz) 

78.* 9**.* 11.** 60.** 

90.* 10**.* 13.** 60.** 
97.* 11**.* 14.** 60.** 

105.* 12**.* 16.** 60. ** 

11*.* 13**.* 16.** 60. ** 
11*.* 14**.* 17.** 60. ** 
11*.* 14**.* 18.** 60. ** 
12*.* 14**.* 18.** 60. ** 

12*.* 15**.* 18.** 60. ** 

13*.* 16**.* 19.** 60. ** 

13*.* 16**.* 19.** 60. ** 
14*.* 17**.* 20.** 60. ** 
14*.* 18**.* 21.** 60. ** 

15*.* 18**.* 21.** 60. ** 

16*.* 19**.* 22.** 60. ** 
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Figure -1: Generator Open-circuit Characteristic 

2 Field Short-circuit Test 

Figure -2: Generator Voltage in Field Breaker Opening Test 
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3 Direct-axis Test 
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Figure -3: Measurements in Direct-axis Test 
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Figure -4: Generator Voltage in Direct-axis Test 

 

4 Quadrature-axis Test 
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Figure -5: Generator Voltage in Quadrature-axis Test 
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Figure -6: Generator Speed in 40.3 MW Load Rejection 
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Figure -7: Selected Measurements in 40.3 MW Load Rejection 
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5 Exciter Step Response Test 
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Figure -8 : 4.6% Exciter Step Response Test 

 

6 Volts per Hertz Limiter (V/Hz) Test 
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Figure -9: Volts per Hertz Limiter Operational Test 
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7 Under Excitation Limiter (UEL) Test 

Figure -10: Under Excitation Limiter Setting Characteristics 
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Figure -11: UEL Dynamic Response Test (PSS on)  
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Figure -12: UEL Dynamic Response Test (PSS off) 

 

8 Over Excitation Limiter (OEL) Test 
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Figure -13 shows the selected quantities recorded in the UEL limiter test, which demonstrates 

the OEL was functioning as designed. Note that the PSS was enabled in the limiter test. 

Figure -13: OEL Functional Test (Reduced Setting) 
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9 Power System Stabilizer (PSS) Tuning Test 
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Figure -14: 3% Exciter Step Online Test (PSS off) 
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Figure -15: 3% Exciter Step Online Test (PSS on) 
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Figure -16: PSS 

performance Test (3% Exciter Step) 

Figure -17: Uncompensated, Compensated and PSS Frequency Response 

 

10 Reactive Power Capability Test 

The tests were performed to establish reactive power limits that the unit can continuously supply to 

and absorb from the grid under full load and steady-state operating conditions. 

The test was executed when the unit was loaded up to 430 MW. The generator and system 

voltages were then in turn adjusted to appropriate levels to maximize the generator reactive power 

output and absorption to/from the system. The maximum reactive power output and absorption at 

these voltage levels were then recorded after generator temperatures stabilized as required by the 

NERC Synchronous Machine Reactive Limits Verification Guidelines1. In the maximum reactive 

power output test, all other generators within the plant were dispatched to the minimum reactive 

power outputs, and no equipment alarming or overheating was observed. The reactive power limits 

thus determined for the unit are reported in Table -6. 

The tests identified that the permissible 240 kV system bus voltage, or the generator field current 

rating (4200 A) imposed the constraints onto the unit maximum reactive power supply capability, 

while the under excitation limiter setting dictated the unit reactive power absorption capability. 

                                                
1 Western Systems Coordinating Council, “Synchronous Machine Reactive Limits Verification”, November 25,1996. 
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. DATA FROM TESTS 

The testing data are also provided with this report. The data files contain the recorded data for the 

following tests conducted on the unit: 

(1) Open-circuit saturation test 
(2) Field short-circuit test 
(3) Direct-axis test 
(4) Quadrature-axis test 
(5) 5% and 10% exciter step response tests 
(6) Volts per hertz limiter test 
(7) Under excitation limiter test 
(8) Over excitation limiter test 
(9) PSS frequency and step response tests 
(10) PSS performance test 
(11) Reactive power capability tests 
 

. APPENDIX A – GE PSLF Model Data 

The following pages provide the validated model data for the *** Unit 4 in the GE PSLF program 
format to fulfill the MISO/NERC data submission requirement. Both steady-state data and dynamic 

models are included. 

Figure -1: GE PSLF Generator Model (genrou) 
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Table -1: Generator Model using GE PSLF Model genrou 

Model Parameters Validated Data 

MVA *** 
Tpdo 4.** 
Tppdo 0.** 
Tpqo 0.** 
Tppqo 0.** 
H *.** 
D 0.** 
Ld 1.** 
Lq 1.** 
Lpd 0.** 
Lpq 0.** 
Lppd 0.** 
L1 0.** 
S1.0 0.0** 
S1.2 0.** 
Ra 0.0** 
Rcomp 0.0 
Xcomp 0.0 
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Figure -2: GE PSLF Exciter Model (exst1) 

 

Table -2: Exciter Model using GE PSLF Model exst1 

Model Parameters Validated Data 

Tr 0.** 
Vimax 1*.0 
Vimin -1*.0 
Tc 0.5** 
Tb 5.** 
Ka *** 
Ta 0.*** 
Vrmax *.0 
Vrmin -*.0 
Kc 0.** 
Kf 0.* 
Tf *.0 
Tc1 0.* 
Tb1 0.* 
Vamax **.0 
Vamin -**.0 
Xe *.* 
Ilr **.0 
Klr *.* 
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Figure -3: GE PSLF PSS Model (pss2a) 

Table -3: Stabilizer Model using GE PSLF Model pss2a 

Model Parameters Validated Data 

J1 1 
K1 0 
J2 3 
K2 0 
Tw1 * 
Tw2 * 
Tw3 * 
Tw4 0 
T6 0 
T7 * 
Ks2 0.*** 
Ks3 1.0 
Ks4 1.0 
T8 0.* 
T9 0.1 
N 1 
M * 
Ks1 4.0 
T1 0.** 
T2 0.** 
T3 0.** 
T4 0.** 
Vstmax 0.* 
Vstmin -0.** 
A 1.0 
Ta 0.0 
Tb 0.0 
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Figure -4: GE PSLF Governor Model (ieeeg1) 

 
 

Table -4: Governor Model using GE PSLF Model ieeeg1 

Model Parameters Validated Data Model Parameters Validated Data 

K *.* Db1 0.0 

T1 0.* Eps 0.0 

T2 0.0 Db2 0.0 

T3 0.* GV1 0.0 

Uo 0.0*** Pgv1 0.0 

Uc -0.0** GV2 0.* 

Pmax *.* Pgv2 0.*** 

Pmin 0.0 GV3 0.* 

T4 0.* Pgv3 0.*** 

K1 0.*** GV4 0.* 

K2 0.0 Pgv4 0.*** 

T5 2.* GV5 0.* 

K3 0.*** Pgv5 0.*** 

K4 0.0 GV6 1.* 

T6 0.*** Pgv6 0.*** 

K5 0.***   

K6 0.***   

T7 0.*   

K7 0.*   

K8 0.*   
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DATA REPORTING FORM FOR REACTIVE POWER LIMITS TESTS 

 

 

Reporting Entity: ****************************** 

Plant Name:  *** Generating Station 

 

Generator Up-rated Rating: 

MVA Rating: *** MVA  Rated Voltage: **.0 kV  Power Factor: 0.90 

 

Generator Base Values: 

 

Power 
(MVA) 

Stator Voltage 
(kV) 

Stator Current 
(Amps) 

Field Voltage 
(Volts) 

Field Current 
(Amps) 

*** *0 1*,*** 14*.* 16**.* 

 

 

Reactive Power Limits: 

Test Results at Maximum MVAr Output 

 Gross 
Power 
(MW) 

Gross 
Power 

(MVAr) 

Stator 
Voltage 

(kV) 

Stator 
Current 

(kA) 

Field 
Voltage 
(Volt) 

Field 
Current 
(Amp) 

Tested 
Power 
Factor 

Tested 
MVA 

Actual *** 1** **.9 1*.* 364 4,*** 0.92 *** 

PU 0.89 0.37 1.05 0.92 2.45 2.62 0.92 0.97 

Test Results at Minimum MVAr Output 

 Gross 
Power 
(MW) 

Gross 
Power 

(MVAr) 

Stator 
Voltage 

(kV) 

Stator 
Current 
(Amp) 

Field 
Voltage 
(Volt) 

Field 
Current 
(Amp) 

Tested 
Power 
Factor 

Tested 
MVA 

Actual *** -** **.3 1*.* 261 3*** 0.99 *** 

PU 0.89 -0.11 0.97 0.91 1.76 1.93 0.99 0.90 

Notes: 
1) Values reported meet NERC test specifications documented in "Synchronous Machine 

Reactive Limits Verification" dated March **, ****, unless otherwise noted. 

2) The maximum lagging reactive power was limited by the machine capability curve imposed by 

the rating of generator field current.  

3) The maximum leading reactive power was limited by the under excitation limiter. 

4) All excitation limiters (UEL, OEL and V/Hz) are present and functioning as designed. 
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5) The testing of the unit reported in this submission took place on November **, ****. 

Figure A-2: Exciter Open Circuit and Loaded Characteristics (Manufacturer provided) 


