Exciter AC7B and ESAC7B

Exciter AC7B and ESAC7B

IEEE 421.5 2005 Type AC7B Excitation System Model

Veemax Kplep Speed
K 8: (Vi) 1—8 lSpdmlt

States
1-V;
2 - Sensed V, Ke,
3-Ky

4 - KDR

5-V,

6 - Feedback

AC7B supported by PSSE

ESAC7B supported by PSLF with optional speed multiplier




Exciter AC8B

Exciter AC8B
IEEE 421.5 2005 AC8B Excitation System

Vv Y, VFEMAX' D FD
REF S

KE +SE (VE)

States

1-V,

2 - Sensed V,

3-PID 1

4-PID 2

5-Vi

Model supported by PSSE



Exciter BPA_EA

Exciter BPA_EA

Continuously Acting DC Rotating Excitation System Model

Regulator
v
STP 4 VRMAX\ Exciter

Filter

Stabilizer

®| K

14T

States
1-E.p
2 - Sensed V,
3-V;
4-Vy,

5-V;
Model in the public domain, available from BPA



Exciter BPA EB

Exciter BPA EB

Westinghouse Pre-1967 Brushless Excitation System Model

Regulator Exciter

VSTB f

Filter

KA
14T,

VRMIN
Stabilizer
4 A

O K @] 1

14T 14T,

States

1 - E;, before limit
2 - Sensed V,
3-V;

4 - VRI

Model in the public domain, available from BPA



Exciter BPA EC

Westinghouse Brushless Since 1966 Excitation System Model

Exciter BPA EC

Regulator

Stabilizer

@ | K

1+sT.

States

1 - E,, before limit

2-Vy

3- VRI

4-V,

Model in the public domain, available from BPA

Exciter

EFD




Exciter BPA ED

Exciter BPA ED
SCPT Excitation System Model

Regulator Exciter

~

M @ | sk

14T

Stabilizer

2
A= %] Ip—> JV1-A

VTHEV

IfA>1, V, =0

States

1 - EField

2 - Sensed V,

3-V,

4-V,

5 - Feedback

Model in the public domain, available from BPA



Exciter BPA EE

Exciter BPA EE

Non-Continuously Active Rheostatic Excitation System Model

Regulator Exciter

If:
AV; 2K, Vi =V Vi
AV, <K, Vg =Ve,
AV; <K, Ve =V -

V. AV, I
T * NOTE:
" If the time constant T, is equal to
Vio zero, this block is represented as K, /s
States
1 - EField before limit
2- VRH

Model in the public domain, available from BPA



Exciter BPA EF

Exciter BPA EF

Westinghouse Continuous Acting Brushless Rotating Alternator

Excitation System Model

Regulator

VRMAX

o

K,(1+sT,)

S

sKe
14sT.

States

1 - EField before limit

2-V;

3-V;

Model in the public domain, available from BPA

-

RMIN

Stabilizer

S +Ke

Exciter

E FDMAX

O)

=

E FDMIN —

—>E .




Exciter BPA EG

Exciter BPA EG

SCR Equivalent Excitation System Model

Regulator

14T,

Stabilizer

States

1 - EField

2-V,

3-V;

Model in the public domain, available from BPA



Exciter BPA E]

Exciter BPA EJ

Westinghouse Static Grand Couple PP#3 Excitation System Model

Filter

Regulator

VRMAX

o

1
14T,

VRMIN

Stabilizer
sK-

States

1 - EField before limit

2 - Sensed V,

3-Vi

4-V,

Model in the public domain, available from BPA

1+sT.

FDMIN



Exciter BPA EK

Exciter BPA EK

General Electric Alterrex Excitation System Model

Regulator Exciter

VRMIN

Stabilizer
sKe

14sT.

States

1 - EField before limit

2-V,

3-V,,

4-V,

Model in the public domain, available from BPA



Exciter BPA FA

Ll

—

Exciter BPA FA

WSCC Type A (DC1) Excitation System Model

Ve =N +(Re + Xk |

States
1 - EField
2 - Sensed V,

Model in the public domain, available from BPA

1+5Tj

1+sT. |®

® [ sk

1+5sT.



Exciter BPA FB

Ll

—

Exciter BPA FB

WSCC Type B (DC2) Excitation System Model

Ve =N +(Re + Xk |

States

1 - EField

2 - Sensed V,

3-V,

4-V,

5-V;

Model in the public domain, available from BPA

1+5Tj

1+sT. |®)




Exciter BPA FC

Exciter BPA FC
WSCC Type C (AC1) Excitation System Model

II T

_ _ Ve
Ve :’VT +(R. + jXC)IT‘ |_>

2 - Sensed V,
3-Vi
4-V,

5-V;

Model in the public domain, available from BPA




Exciter BPA FD

Exciter BPA FD
WSCC Type D (ST2) Excitation System Model

Ll

_ _ Ve
Ve :’VT +(R. + jXC)IT‘ |_>

—

VERR

1+sT:

—> V—‘K\7+'K|_‘ Vi - IfK, =0.and K, =0., Vg =1.
— E ™ P'T JIT
States

i 1 - EField
> |N=KCFD R =f(1y) 2 - Sensed V,
[p —> Ve I, E 3.V
R

4-V,

<

—

Model in the public domain, available from BPA



Exciter BPA FE

Exciter BPA FE

WSCC Type E (DC3) Excitation System Model

Vi — - I L
T Ve =M R+ Xl |—>
Virmax
Ky /_
Verr ® /7 > Vewax —Veum PRH@
SKy Tey
K Vi
o Ve 2K, Vo =Vou
If |VERR| <Ky, Ve =V
" IV <Ku Ve =Vaun
States
1 - EField before limit
2 - Sensed V,
3-Viy

Model in the public domain, available from BPA



Exciter BPA FF

Exciter BPA FF
WSCC Type F (AC2) Excitation System Model

VREF
Vi — I A
T Ve =M R+ Xl
VERR
VS
+
@

States 1+sT.
1-V,
2 - Sensed V,
3-V,
4-V,
5-V,

Model in the public domain, available from BPA



Exciter BPA FG

Exciter BPA FG

WSCC Type G (AC4) Excitation System Model

Ll

—

— —_ VC
Ve =N +(R + Xl |—>

States

VERR

1 - EField before limit

2 - Sensed V,
3-V,,
Model in the public

domain, available from BPA

VRMAX

(
(K ]JO /|

14T, I J EF;

(VRMIN - KCIFD )

- KCIFD)



Exciter BPA FH

Exciter BPA FH
WSCC Type H (AC3) Excitation System Model

Vi —> o N\
T Ve =M+ R+ Xol F
VERR
1+sT. |(®
++ 2_ 1+sT,
\'A v,
@[ s
1+sT.
States
1-V,
2 - Sensed V,
3-V,
4-V,
5-V,

Model in the public domain, available from BPA



Exciter BPA FH

Exciter BPA FH
WSCC Type H Excitation System Model

VREF
Vi —> o I
T Ve =M+ R+ Xol
VERR
3 1+sT.| &
* 1+sT,
V + [=
S VF
@] _s
1+sT.
States
1-V,
2 - Sensed V,
3-V,
4-V,
5-V,

Model in the public domain, available from BPA



Exciter BPA F]

Exciter BPA FJ
WSCC Type J Excitation System Model

(VTEFDMAX - KCIFD)

.

V, —» _ N L
|—T 'Vc :’\/T +(RC+JXC)IT‘
VERR VRM AX
/_
NS 1+sT, K |
14T, 1+sT,
+ —
V.
s VRMIN
VF
@ [
1+sT.
States
1 - EField before limit
2 - Sensed V,
3-V,,
4-V,

Model in the public domain, available from BPA

J EFD ”

(VTE FDMIN KCIFD )



Exciter BPA FK

Exciter BPA FK
WSCC Type K (ST1) Excitation System Model

V, —» _ N L
B 'Vc :’\/T +(RC+JXC)IT‘
VERR
VIMAX (VTVRMAX - KCIFD)
+ z /— o 1+STC @ KA @ /7 .
4;%? -/ 1+5T, 14T, | Ew
vV VIMIM (VTVRMIN - KCIFD)
S
VF
@ | K
1+sT.
States
1 - EField before limit
2 - Sensed V,
3-V,,
4-V,

Model in the public domain, available from BPA



Exciter BPA FL

Exciter BPA FL
WSCC Type L (ST3) Excitation System Model

Vi — o= Ve
|—T ,Vc :’VT +(RC+JXC)IT‘
VERR
States
1-Vy
2 - Sensed V,
3-V,

Model in the public domain, available from BPA



Exciter BPA FM through BPA FV

Exciter BPA FM through BPA FV

No block diagrams have been created



Exciter DC4B

Exciter DC4B

IEEE 421.5 2005 DC4B Excitation System Model

VOEL VOEL
(OEL=1) Alternate OEL Inputs (OEL=2)
e e >
Ve Vier
(UEL= AltemateUELInputs(UEL:z)
> LV
HV Gate
Gate
States
1-E
FD @ sK.
2 - Sensed V,
14sT.
3 -PIDI
4 -PID2
5-Vi
6 - Feedback
Model supported by PSSE

Model supported by PSLF with optional speed multiplier



Exciter ESAC1A

Exciter ESAC1A
IEEE Type AC1A Excitation System Model

States

1-V;

2 - Sensed V,

3-V,

4-V,

5-V;

Model supported by PSSE

Model supported by PSLF with optional speed multiplier




Exciter ESAC2A

Exciter ESAC2A

IEEE Type AC2A Excitation System Model

Viemax Kplep Speed

Ve VorL Kp+Sg (V)

1+sT.
1+sT,

States

1-V;

2 - Sensed V,

3-V,

4-V,

5-V;

Model supported by PSSE

Model supported by PSLF with optional speed multiplier



Exciter ESAC3A

Exciter ESAC3A

IEEE Type AC3A Excitation System Model

HV
Gate

States

1-V,

2 - Sensed V,

3-V,

4-V,

5-V;

Model supported by PSSE

6)

1+sT. | Vi

Model supported by PSLF with optional speed multiplier

E.

-K 1 Speed

VFEMAX D"FD

O

1—8 lSpdmlt

FD



Exciter ESAC4A

Exciter ESAC4A

IEEE Type AC4A Excitation System Model

Viee
VRMAX Kl
‘l+STC @ HV K, I F
14T, Gate 1+sT, J
Vemin

States

1 - EField before limit

2 - Sensed V,

3- VLL

Model supported by PSLF and PSSE

PSSE uses nonwindup limit on E



Exciter ESAC5A

Exciter ESAC5A
IEEE Type AC5A Excitation System Model

EC
@ EFD
K (1+5T;)
(14T, ) (14T,
If T;,=0, then sT.;=0.

States

1 - EField

2 - Sensed V,

3-V,

4 - Feedback 1
5 - Feedback 2
Model supported by PSLF and PSSE



Exciter ESAC6A

Exciter ESAC6A
IEEE Type AC6A Excitation System Model

States

1-V,

2 - Sensed V,

3 -T, Block

4-V,

5-V;

Model supported by PSSE

Model supported by PSLF with optional speed multiplier




Exciter ESAC8B_GE

Exciter ESAC8B_GE

IEEE Type AC8B with Added Speed Multiplier.

A 4
A
)
o

Vegr Veemax Kplep Speed
Ky +S: (Vi)

B
ST,
V

EMIN

1 —8 l Spdmlt

States

1-V,

2 - Sensed V,

3-PID 1

4-PID 2

5-Vi

Model supported by PSLF

If Viyuir < 0, Vinax = VilVruax and Ve = ViV



Exciter ESAC8B_PTI

Exciter ESAC8B_PTI
Racler NFCS Mndel

States

1- EFD

2 - Sensed V,

3 - Derivative Controller
4 - Integral Controller
5-Vi

Model supported by PSSE

RMIN

\, =EFD-S, (EFD) |._.
E—




Exciter ESDC1A

Exciter ESDC1A

IEEE Type DC1A Excitation System Model

VUEL

14T, \—' v

14T, @ Gate

14T,

States

1-E,,

2 - Sensed V,

3-Vi

4 -V,

5 - Lead-Lag

Model supported by PSSE

Model supported by PSLF includes spdmlt, exclim, and UEL inputs that are read but not utilized in the Simulator implementation



Exciter ESDC2A

Exciter ESDC2A

IEEE Tvpe DC2A Excitation Svstem Model

HV
Gate

States

l- EFD

2 - Sensed V,

3-Vi

4 -V,

5 - Lead-Lag

Model supported by PSSE

Model supported by PSLF includes spdmlt, exclim, and UEL inputs that are read but not utilized in Simulator



Exciter ESDC3A

Exciter ESDC3A

IEEE Type DC3A with Added Speed Multiplier

VRMAX _VRMIN @
SKVTRH
_/ A

VRMIN

Speed

l—ngpdmlt
o 4

FD

V, =EFD-S, (EFD)

\ 4
Ve 2 K, Vi =V
IfVERR S_Kva VR :VRMIN
Else V; =V,

A 4

If exclim <> 0 then 0 else unlimited

States

1 - EField

2 - Sensed V,

3- VRH

Model supported by PSLF



Exciter ESST1A

Exciter ESST1A
IEEE Type ST1A Excitation System Model

VUEL

(UEL=3)

VUEL
(UEL=D) Alternate
Ittty UEL Inputs
VS
(vos=1) Alternate
I Attt Stabilizer -----------
Ve Inputs
(UEL=2)
VIMAX
+ /‘
VIMIN
VF

States
1-V,

2 - Sensed V,

3-LL

4 -LLI1

5 - Feedback

Model supported by PSLF and PSSE

14sT.

HV
Gate

LV
Gate




Exciter ESST2A

Exciter ESST2A

IEEE Type ST2A Excitation System Model

VUEL

14T,
1+sTj

V, —» - - . IfK, =0and K, =0, V; =1

- Ve =[KV; + JK T 7T

, —>

I
> IN:KCFD FEXZf(lN)
IFD_’ VE IN FEX

States
1-E.p
2 - Sensed V,
3-V,
4-V,
Model supported by PSSE

Model supported by PSLF includes UEL input that is read but not utilized in Simulator



Exciter ESST3A

Exciter ESST3A

IEEE Type ST3A Excitation System Model

EC
14T, @
1+sT; | V,
VRMIN VMMIN VB
VBMAX
V, —» —— _ _ V. /[
T VE:‘KPVT+1(KI+KPXL)IT‘ h_’ﬂ
RP = erjﬁp <
» |y = = FEX:f(IN)
I, —» Ve I E
States
1-V,
2 - Sensed V,
3-V,
4-1LL

Model supported by PSLF and PSSE



Exciter ESST4B

Exciter ESST4B
IEEE Type ST4B Potential- or Compound-Source Controlled-Rectifier Exciter Model

States

1-V,

2 - Sensed V,

3-V,

4 -V,

Model supported by PSSE
Model supported by PSLF includes V,,,y input that is read but not utilized in Simulator



Exciter EWTGFC

Exciter EWTGFC

Excitation Control Model for Full Converter GE Wind-Turbine Generators

Reactive Power Control Model
Ve VRFQ

R

PFAREF

Pclcc —p

@

States
1 - Vrcf
2 Eqppcmd PC'MD
3-K,y
4-V

regMeas der
5-Ky >
6 - QORD
7 - PMeas

Model supported by PSLF



Exciter EX2000

Exciter EX2000

IEEE Type AC7B Alternator-Rectifier Excitation System Model

Field Current I

Limiter
Vamax K, -ETRM
Ko +ﬁ Minimu *
Gate 1
2nd PI Controller
\2 2 KF2
If field current limiter is included, Vg, 1s off.
If field current limiter is excluded, Vi« — Vemunx Kolep
KE +SE (VE )
States
1-V,
2 - Sensed V,
! I<Fl
3- VAPI
4- VRPI
5-LL
6 - IFD,,

Model supported by PSSE



Exciter EX2000 REFERENCE SIGNAL MODEL

Exciter EX2000 Reference Signal Model

Frequency —» KVHZ 'I
Reactive
Q - SBASE I - 1 Current
ELEC - "|Machine MVA BASE|| | ETERM

Model supported by PSSE

» REF
Minimum
Gate 2

Reference Signal ModeII




Exciter EX2000 FIELD CURRENT LIMITER MODEL

Exciter EX2000 Field Current Limiter Model

IFDREFI» Level I Output =1 if level exceeded > Latch
Detector | Gate 1

Inverse Timing OR I
_’
EDera| | a1 N E— —I
timing expired‘ atc
(> | Gate 2
(13,T3)
> (14,T4)
IED e
Y
T
o o kpIFD+ D © | A7 C Mintorumn
v S Gate 1
A c | o—+—>
D
IFDRE?_O J >
| O * IFD i B
— ° - 3rd PI Controller
IFDREF4 B
Switch Operation
J Loles | © PO F S ke

| 14sT —
_LAGI Advance Limit

Field Current Limiter Model
(Over Excitation Limiter)

Model supported by PSSE




Exciter EXAC1

Exciter EXAC1
IEEE Type AC1 Excitation System Model

14T, (:)

1+5Tj

States

1-V,

2 - Sensed V,

3-Vi

4 - VLL

5-V;

Model supported by PSSE
Model supported by PSLF also uses V,,,, and V.«

Simulator will narrow the limit range as appropriate when loading the DYD file
If Vi > Ve then Vg = Vi
If VAMAX < VRMAX then VRMAX = VAMAX

Model supported by PSLF includes speed multiplier that is not implemented in Simulator



Exciter EXAC1A

Exciter EXAC1A

Modified Type AC1 Excitation System Model

LisT | @

1+sTj

States
1-V, @ sKe
2 - Sensed V, 1+5T;
3-Vi

4 - VLL

5-V;

Model supported by PSSE

Model supported by PSLF includes speed multiplier that is not implemented in Simulator




Exciter EXAC2

Exciter EXAC2
IEEE Type AC2 Excitation System Model

® [ K

1+sT.

States

1-V,

2 - Sensed V,

3-V,

4 - VLL

5-V,

Model supported by PSSE
Model supported by PSLF includes speed multiplier that is not implemented in Simulator




Exciter EXAC3

Exciter EXAC3
IEEE Type AC3 Excitation System Model

States

1-V,

2 - Sensed V,

3-V,

4 - VLL

5-Vg

Model supported by PSSE

Model supported by PSLF includes speed multiplier that is not implemented in Simulator



Exciter EXAC3A

Exciter EXAC3A
IEEE Type AC3 Excitation System Model

States _ (K 01 Vet Vet Vige-Ve -V )
VFEMAX -

1- VE KFAKLI

2 - Sensed V, v _ (VFEMAX -Kplep )
3V, EMAX S, +K,
~ V
- Vu Veun = FLV
5-V; EX

Model supported by PSLF



Exciter EXAC4

Exciter EXAC4

IEEE Tvne AC4 Excitation Svstem Model

RMAX -K CIIFD

A%
+sT]@[ K| ©
1+sT, 1+5T, | J
VRMIN 'KCIIFD

| -
'EFD

States

1 - EField before limit
2 - Sensed V,

3- VLL

Model supported by PSLF and PSSE



Exciter EXAC6A

Exciter EXAC6A
IEEE Tvoe ACG6A Excitation Svstem Model

K (d+sT) (1 +Slc
1+sT,

States

1-V;

2 - Sensed V,

3-T, Block

4-V,

5-V;

Model supported by PSLF



Exciter EXAC8B

Exciter EXACS8B
Brushless Exciter with PID Voltage Regulator

States

1-V;

2 - Sensed V,

3-Vi

4 - Derivative

5 - Integral

Model supported by PSLF



Exciter EXBAS

Exciter EXBAS
Basler Static Voltage Regulator Feeding DC or AC Rotating Exciter Model

States

1-V,

2 - Sensed V,
3-Vy

4 -PI

5-LL

6 - Feedback LL

7 - Feedback
Model supported by PSSE



Exciter EXBBC

Exciter EXBBC
Transformer-fed Excitation System

Switch =0 Switch =1
L o—

Supplemental
Signal

Model supported by PSLF but not yet implemented in Simulator



Exciter EXDC1

Exciter EXDC1

IEEE DC1 Excitation System Model

Speed

FD

States

1-E;

2 - Sensed V,

3-V,

4 -V,

5-V;

Model supported by PSLF



Exciter EXDC2_GE

Exciter EXDC2_GE
IEEE Type DC2 Excitation System Model

Speed

\ 4

(1+sTF1)(1+sTF2)

® ©

States

1-E,,

2 - Sensed V,

3-V;

4 -V,

5-Vq

6-Vg,

Model supported by PSLF



Exciter EXDC2_PTI

Exciter EXDC2_PTI
IEEE Type DC2 Excitation System Model

States
1-E.
2 - Sensed V,

Model supported by PSEE



Exciter EXDC2A

Exciter EXDC2A
IEEE Type DC2 Excitation System Model

1+5T,
14T

States

1-E.,

2 - Sensed V,

3-V,

4 -V,

5-V;

Model supported by PSLF



Exciter EXDC4

Exciter EXDC4
IEEE Type 4 Excitation System Model

States
1-E;,
2 - Vg
Model supported by PSLF



Exciter EXELI

Exciter EXELI

Static P1 Transformer Fed Excitation System Model

States
1-Tw
2 - Sensed V,

3 -Sensed I,

VREF

4 - P,y Washoutl

5 - P,y Washout2

6 - P, Washout3

7 - Lag Stabilizer

8 - Washout Stabilizer
Model supported by PSLF and PSSE

v @



Exciter EXPIC1

Exciter EXPIC1
Proportional/Integral Excitation System Model

VRMAX E FDMAX

(1+5T,) | [

(1+5T,,)(1+5T,,) |VR

@ © Ve

\Ii_:: Ve =|KeV + K, T H@T
EX

IfK; =0 and K, =0, then V; =1
If T =0, then EFD =E,

of 1=t Fo = (1)
States Ip—» Ve I BX N

1-E.p
2 - Sensed V,
3-V,
4 -V,
5-V,
6 - Vg,
7-V;

Model supported by PSLF and PSSE



Exciter EXST1_GE

Exciter EXST1_GE
IEEE Type ST1 Excitation System Model

VT VRMAX -K C I IFD

States

1-V,

2 - Sensed V,

3-V,

4-V,

5- VLLl

Model supported by PSLF

[
J +

VT VRMIN -K C I IFD




Exciter EXST1_PTI

Exciter EXST1_PTI

IEEE Type ST1 Excitation System Model

VREF Vs
VT VRMAX -K c I IFD

TesT, 7

VT VRMIN -K C IIFD

14T

States

1 - E;, before limit

2 - Sensed V,

3- VLL

4-V,

Model supported by PSSE



Exciter EXST2

Exciter EXST2
IEEE Type ST2 Excitation System Model

IfK, =0 and K, =0, then V, =1

<
=

—

States
1-E.p
2 - Sensed V,

Model supported by PSLF
Model supported by PSSE does not include T and T, inputs



Exciter EXST2A

Exciter EXST2A
Modified IEEE Type ST2 Excitation System Model

<

- T Ve IfK, =0 and K, =0, then V; =1

|
<
Il
=
<
+
=
=

—

States

1-E;,

2 - Sensed V,

3-Vi

4 -V,

5-V,

Model supported by PSLF

Model supported by PSSE does not include T, and T, inputs



Exciter EXST3

Exciter EXST3
IEEE Type ST3 Excitation System Model

States

1-V,

2 - Sensed V,

3-LL

Model supported by PSSE

Model supported by PSLF includes speed multiplier that is not implemented in Simulator

FD



Exciter EXST3A

Exciter EXST3A
IEEE Type ST3 Excitation System Model

States

1-V,

2 - Sensed V,

3-LL

Model supported by PSLF



Exciter EXST4B

Exciter EXST4B
IEEE Type ST4B Excitation System Model

States
l- VMInt
2 - Sensed V,

3-V,

4 -V,

Model supported by PSLF



Exciter EXWTG1

Exciter EXWTG1
Excitation System Model for Wound-Rotor Induction Wind-Turbine Generators

States

1- Rextemal

2 - SpeedReg

3 - Washout

Model supported by PSLF



Exciter EXWTGE

Exciter EXWTGE

Excitation System Model for GE Wind-Turbine Generators

WindVAR Emulation
VRFQ (Vier)

States
1 - Vrcf
2- E"QCMD
3-K,y

4 - VregMeas
5-Ky

6 - QORD
7 - PMeas

Model supported by PSLF

QORD

Qorp from separate model

! Vv
Switch =1 REF
pfaflg
Switch =0 Switch = -1 QMAX
~— Open
>® A
Switch =10 Loop Qewo
' Control
varflg Quin IPMAX
Porp (Vs)  — Lew (ip)
From Wind Turbine Model
VTERM To Generator
Viegrm XIQMAX Model
Qaex @
+ EQ"CMD (EFD)
QCMD
VMIN VTERM + XIQMIN



Exciter IEEET1

Exciter IEEET1

IEEE Type 1 Excitation System Model

@ [k,
1+5sT.
1 Epp
ST @

VS
Ve=5-En |l—0
VE
o
States
1 - EField
2 - Sensed V,
3-V;
4-V,
Model supported by PSSE

Model supported by PSLF includes speed multiplier that is not implemented in Simulator



Exciter IEEET?2

Exciter IEEET2
IEEE Type 2 Excitation System Model

States

1 - EField

2 - Sensed V,

3-V,

4 -V,

5-V,

Model supported by PSSE



Exciter IEEET3

Exciter IEEET3
IEEE Tvpe 3 Excitation Svstem Model

2
A=(0-78' IFDJ
VTHEV

IfA>1, V, =0

States

1 - EField

2 - Sensed V,

3-V;

4 -V,

Model supported by PSSE



Exciter IEEET4

Exciter IEEET4
IEEE Type 4 Excitation System Model

<

|y

States

1 - EField

2- VRH

Model supported by PSSE

™



Exciter IEEET5

Exciter IEEET5
Modified IEEE Tvne 4 Excitation Svstem Model

States

1 - EField

2- VRH

Model supported by PSSE



Exciter IEEEX1

Exciter IEEEX1
IEEE Type 1 Excitation System Model

VRMAX
Regulator
1+ |® 1
1+sTj ST
VRMIN
K: +Sc
@ [

States

1 - EField

2 - Sensed V,

3-V,

4 -V,

5-V;

Model supported by PSSE



Exciter IEEEX2

Exciter IEEEX2
IEEE Type 2 Excitation System Model IEEEX2

1+sT.1®

145T;

K
(1+sTF1)(1+sTF2)

Damping

® ©

States

1 - EField

2 - Sensed V,
3-LL

4 -V,

Model supported by PSSE



Exciter IEEEX3

Exciter IEEEXS3
IEEE Type 3 Excitation System Model

RMAX

Regulator / @
1+ST I

VRMIN

@ s«
14T
Damping
VBMAX v
— — B
\,i: Ve =KV + KT IV—> M ~(0781, ) J/‘
I 0

States
1 - EField
2 - Sensed V,
3-Vi
4-V,

Model supported by PSSE



Exciter IEEEX4

Exciter IEEEX4
IEEE Type 4 Excitation System Model

Virmax
K, /
/7 . VRMAX _VRMIN @
SK, Try Vi
-K )/
Y Vi

IfVege 2 Ky5 Vi =V
If|VERR| <Ky» Ve =Vay
If Virs <K, Vo =V

A 4

A 4

States

1 - EField

2 - Sensed V,

3- VRH

Model supported by PSSE



Exciter IEET1A

Exciter IEET1A
Modified IEEE Type 1 Excitation System Model

States

1 - EField

2-Vy

3-V;

Model supported by PSSE



Exciter IEET1B

Exciter IEET1B

Modified IEEE Type 1 Excitation System Model

K,

.Switch=1

1+sT,

| ®
Switch=0

Model supported by PSSE but not implemented yet in Simulator




Exciter IEET5A

Exciter IEET5A
Modified IEEE Type 4 Excitation System Model

@
EFDMAX
V EFDMIN
E.—® RMIN ‘AV‘ > KV
Vio
g Vraasx * If I block b K
Z R K, |_ If T,,, equals zero, block becomes T
- AV, J K,
VRMIN
States
1 - EField
2-Viy

Model supported by PSSE



Exciter IEEX2A

Exciter IEEX2A
IEEE Type 2A Excitation System Model

States
1 - EField
2 - Sensed V,

Model supported by PSSE



Exciter REXS

Exciter REXS
General Purpose Rotating Excitation System Model

Regulator

(14T, )(1+5T.,)
(14STg, )(1+5T,)

@ 1-V, 6 - Voltage PI
2 - Sensed V. 7-V, LL1

3-V, 8-V, LL2
@ Ve 4 - Current PI 9 - Feedback
5-Vi 10 - Feedback LL

Model supported by PSLF. If flimf = 1 then multiply Vs Vimaxs Vivms @04 Viyax BY Vigru-



Exciter REXSY1

Ec

L)

States
1-V,
2 - Sensed V.
3-V;
4 - Current PI
5-Vi

Exciter REXSY1

General Purpose Rotating Excitation System Model

RMAX

F-V

TEESARETS A ; [ F=[1.0 + F: (E;-1.0)]- (K, +K , +S;)
Cl C2
(1+sTBl)(1+sTBz)|_’ 14T,

1+sT, |O®) K. F- Vi o
1+sT,, 1+sT, o

6 - Voltage PI
7-V, LLI1
8-V, LL2
9 - Feedback
10 - Feedback LL

Model supported by PSSE




Exciter REXSYS

Exciter REXSYS

General Purpose Rotating Excitation System Model

(I+sT.)A+sTe,)
(1+sT;)(A+sTg,)
OMO}

EAgEd

Voltage Regulator v,
REF
EC

L)

States
1-V, 6 - Voltage PI

2 - Sensed V. 7-V, LL1

3-V, 8-V, LL2

4 - Current PI 9 - Feedback
5-Vi 10 - Feedback LL

Model supported by PSSE



Exciter SCRX

Exciter SCRX

Bus Fed or Solid Fed Static Excitation System Model

Cswiren =0 Cswiren =1
E—> «—1

VREF
EC
+
) st |© Er
1+sT, g
+
VS
States
1 - Lead-Lag
2-V,
Model supported by PSLF

Model supported by PSSE has Cqyrcny =1



Exciter SEXS_GE

Exciter SEXS_GE

Simplified Excitation System Model

14T,
145T;

y——

comp

Stabilizer
Output

States

1 - EField

2 - Sensed V,

3-LL

4 -PI

Model supported by PSLF



Exciter SEXS_PTI

Exciter SEXS_PTI

Simplified Excitation System Model

Veer E tpmax
+
. 3 14T, @ K @ Epp
¢ 1+5T, 1+sT,
+
V, E roMin

States

1 - EField

2-LL

Model supported by PSSE



Exciter ST6B

Exciter ST6B

IEEE 421.5 2005 ST6B Excitation System Model

VC
L@
14Ty Kir
Virmiv V.,
VorL VorL
(OEL=1) (OEL=2)

Alternate OEL Inputs

States
1-E,, @ 14T,
2 - Sensed V,

3 -PID1

4 - PID2
5-V,

ST6B supported by PSSE
ESST6B supported by PSLF with optional Vi,



Exciter ST7B

Exciter ST7B

IEEE 421.5 2005 ST7B Excitation System Model

14T,
1+sT.

VOEL VOEL

(0EL=1) Alternate  (0gL-2)

Gate Koy
Alternate UEL Inputs
Veer  YueL \AT
(UEL=1) (UEL=2)
Vorr A
(OEL=3) (UEL=3)
‘ Vi Vimax
| mv LV 1+sTg * 5 LV HV 1 Ew
5| Gate Gate 1+sT; Gate Gate 14T,
+
Vi Vi
Vi Vimi +g2> + V1 Viuax
- - sK
K, r —
1+sT,,

ST7B supported by PSSE
ESST7B supported by PSLF
Not implemented yet in Simulator

o}



Exciter TEXS

Exciter TEXS

General Purpose Transformer-Fed Excitation System Model

Constant
Source Voltage I

Generator
Terminal Voltage

LV
Gate

States

1 - Feedback

2 - Sensed V,

3 - Derivative Controller

4 - Integral Controller
Model supported by PSLF



Exciter URSTS5T

Exciter URST5T
IEEE Proposed Type ST5B Excitation System Model

States

1-V,

2 - Sensed V,

3-LL1

4-LL2

Model supported by PSSE



Exciter WT2E1

Exciter WT2E1

Rotor Resistance Control Model for Type 2 Wind Generator

Power-Slip Curve

A

I © / R
A > MAX
Specd | sty [/

©

clec 1+5T,

|
2

States

1- Rextemal
2 - Speed
3-P

elec

Model supported by PSSE



Exciter WT3E and WT3E1

Exciter WT3E and WT3E1

Electrical Control for Type 3 Wind Generator

Reactive Power Control Model States

VC RFQ 1 Vref 6 - QORD
2-E emt 7 Pueas
3-K,y 8 - PowerFilter
4-Vomes 9 - SpeedPI
5-Ky 10-P.;p

4

varflg
Active Power (Torque) Control Model
Speed
A (P =100%, w;,(,)
(P =60%, wp,)
P (P =40%, wp,,)
(P =20%, wp,,)
(Pyin > @pmin )
» P

WT3E supported by PSLF with RP,,,, =P,

wrat

and RP,,, =-P

wrat ?

Ty =Te
WT3ETI supported by PSSE uses vltflg to determine the limits on E,,. When vltflg > 0 Simulator always uses X1,y and Xy -



Exciter WT4E1

Exciter WT4E1
Electrical Control for Type 4 Wind Generator
KIV Q
> MAX
L L ;+(z)_>. =] !
HSTR:I g 14T,

Vuaxcr IQ D E—

-
Kn
s

| e

VTERM - | I :

%M IN
y

A
pqflag——»| Converter Currenlt Limit I

v

VMINCL

elec

PCMD

MIN

0.01

gﬂ: VT ERM
1+sI:

Model supported by PSSE but not yet implemented in Simulator




Machine Model CSVGN1

Machine Model CSVGN1
Static Shunt Compensator CSVGN1

Other Signals

VOTHSG Vi 1 Conee | SBASE

v LN K(1+s/T;(1+sT2)| T ~ N \
v (14T, )(1+sT,) 1+sT; I
v, —/

Vier i R, / RBASE

MBASE / SBASE

RBASE = MBASE
Note : |V| is the voltage magnitude on the high side of generator step-up transformer if present.

Model supported by PSSE



Machine Model CSVGN3

Machine Model CSVGN3

Static Shunt Compensator CSVGN3

Other Signals

VOTHSG Vyax 1. Coree | SBASE
/_ +
K(1+5T,)(1+5T,) 1 )
(1+ST,)(1+sT,) 1+sT; Y
v, —/
MIN R, / RBASE

MBASE / SBASE

1, i Vi >V,
RMIN / RBASE if Vo <-Vis,

RBASE = MBASE
Note : |V| is the voltage magnitude on the high side of generator step-up transformer if present.

Model supported by PSSE



Machine Model CSVGN4

Machine Model CSVGN4
Static Shunt Compensator CSVGN4

Other Signals

VOTHSG Vyax 1. Canse / SBASE
/_ +

K(1+5T,)(1+5T,) 1 )
(1+ST,)(1+sT,) 1451

v —/

MIN Ry / RBASE
MBASE / SBASE
1 if Vg >V,

RMIN / RBASE if Vo <-Vis,

RBASE = MBASE

Model supported by PSSE



Machine Model CSVGN5

Machine Model CSVGN5

Static Var Compensator CSVGN5

VOTHSG(I) Regulator

EMAX 1st Stage

Eilter ) 2nd Stage
f 1+5T, 1+5T,, 2
> T SVS
[VOLT(IBUS)| ¥ bl el
or
VOLT(ICONM))|  VREF (1) —Vemax
Verr | |Br Biax
If Vi > DV, B, =By + Koo (Vese ~DV) 1
> If DV,, <Vgs <DV, :B, =B, >
o B 1+sT | B
IV < DV, 1B, =B,y : e

Fast Override

If DV =0,
DVLO = BMAX / sts
DVHI :Br'qu / sts

Model supported by PSSE

BMIN
Thyristor Delay

IfDV >0,
DV,, =DV
DV,, =—DV

MBASE(I)
SBASE || var(L)



Machine Model CSVGN6

Machine Model CSVGNG6

Static Var Compensator CSVGNG6

Other
Signals
VOTHSG(I) Viax Vemax
Filter /_
1+ST,, 1+ST,, < Br
90
VOLT(IBUS) L+sTs, el =
or
VOLT(ICON(M)  \/pef Vi Veun
BIAS
VERR BR
If Vege > DV, : BR = BMAX + KSQ (VERR h DV)
> I DV,, <V <DV, 1By =B, =
If Vo <DV, 1By =By R

Fast Override By ® <«

Thyristor Delay 1 2 BSHUNT

Position 1 is normal (open)

IfDV =0, If DV >0, If V., > DV2, switch will
DV, = BMAX /K DV,, =DV close after TDELAY cycles.
DV, :Br'qu Ky DV, =-DV

Model supported by PSSE



Machine Model GENCC

Machine Model GENCC
Generator represented by uniform inductance ratios rotor
modeling to match WSCC type F

Model supported by PSLF



Machine Model GENCLS

Machine Model GENCLS
Synchronous machine represented by “classical” modeling or

Thevenin Voltage Source to play Back known

voltage/frequency signal

Y —

Responding

L—
Recorded Z, =0.03
Voltage on 100 MVA base

>

System

Responding

ppd
gencls

— Ek

System

Responding

7. =003
gencls on 106bMV.A base

Model supported by PSLF

System



Machine Model GENROU

Machine Model GENROU
Solid Rotor Generator represented by equal mutual
inductance rotor modeling

(X, - X,)**2

X, - X, I

d — AXIS

***q — AXIS identical, swapping d and q substripts

Model supported by PSLF



Machine Model GENSAL

Machine Model GENSAL
Salient Pole Generator represented by equal mutual
inductance rotor modeling

X —X.
(X; = X,)**2

d — AXIS

Model supported by PSLF



Machine Model GENTPF

Machine Model GENTPF
Generator represented by uniform inductance ratios rotor
modeling to match WSCC type F

S, =1.+ fsat((pag)
Q — Axis Similar except:

X
S, =1.+ X: ((oag)

Model supported by PSLF



Machine Model GENTRA

Machine Model GENTRA

Salient Pole Generator without Amortisseur Windings

v

d — AXIS

Lad I fd

v

Model supported by PSLF



Machine Model GENWRI

Machine Model GENWRI
Wound-rotor Induction Generator Model with Variable External

Rotor Resistance

R2Tpo = (Loh)
o, (L, - L)
B R2Tpo
° (R2ex+R2)

((pfd +5,+ (L, - L')id)

Pg =~ T, + (slip)g
. (wfq+sq+(|‘s_|‘l)iq) ;
Piqg =~ - + (slip) g 4
Ty
€0(I1 = QP
(Pq :ngq

Model supported by PSLF

R2Tpo is aconstantwhich is equalto T,

the total rotor resistance.
R 2 is the internal rotor resistance
R2ex is the internal rotor resistance

e, = w0y — Liy — R,
ey = —w,0, + Li, — R,
o = \/wd +(o0)
S, = fsat((o)

S.(¢4)
S (¢4)

o

times



Machine Model GEWTG

Machine Model GEWTG
Generator/converter model for GE wind turbines —

Doubly Fed Asynchronous Generator (DFAG) and
Full Converter (FC) Models

q cmd

efd _ T
I(:rorT)1 —> - —]:‘ High Voltage Isorc

1+0.02s X Reactive Current
exwtge Management
sO

»LVLP & rrpwr

Pcmd 1 |
(ladifd) PIv AL(;W Vé)ltaget
—> > ctive Curren
From 1+0.02s I Management —
exwtge -
sl
LVPL )
1.11—— )
LVPL \
| .
Vv $2 JX
Xerox brkpt
(0.5pu)  (0.9pu)
LowVoltage Power Logic

Figure 1. DFAG Generator / Converter Model -

Model supported by PSLF



Machine Model GEWTG
Generator/converter model for GE wind turbines —

Doubly Fed Asynchronous Generator (DFAG) and
Full Converter (FC) Models

£’

q cmd

(efd) 1
From ——» High Voltage sorc

1+0.02s Reactive Current
exwtge Management
sO

» LVLP & rrpwr

A 4

B

Pcmd
ladifd 1 o Low Voltage
(From) 1+0.02s - »  Active Current
exwtge ' I Management —
sl
LVPL )
11— )
LVPL N 1

1+0.02s

Xerox brkpt
(0.5pu)  (0.7pu)
LowVoltage Power Logic

Figure 1. Full Converter Generator / Converter Model

Model supported by PSLF



Machine Model MOTOR1

Machine Model MOTOR1

“Two-cage” or “one-cage” induction machine

L, - L,
1./@Q /L, +1./L,,) =L -1,

L, =1/ /L, +1./L,,+1./L,,)=L L,
To = LysLy 1 (@,RyL0) = (Lyy + L) 1 (0,R,)
To = Liobn /(@R L) = (L + L)/ (0R,,)

.
I

L-l _Ed = l//q >

m sat I
+

l//mq L gas

Ve L
Eq=vqy
L, = L
KSat / Lm +1./ LIrl +1./ LIr2
1.




Machine Model SVCWSC

Machine Model SVCWSC

Static Var device compatible with WSCC Vx/Wx models

Voltage Clamp Logic

| ifVbus<Vlvel, Kve =0.
| if Vbuds\V2vel for Tdvel sec., Kvc =1.

A 4

2

Input 2
—>

1457y,

Model supported by PSLF

VlMAX KVC *VZMAX BMAX
1+sT;, 1+sT,, K. (F)?/Setr N 1
1+ST53 1+STSS v Ride 1+STSG
VEMIN V J J B
1MIN KVC *VZMIN MIN
VRer Vses + Vs
V, (from external PSS) —
1+sT, I
Vscsmax
STqis K I F YSCS

1+s-|-314

X

|

V

SCSMIN




Generator Other Model LCFB1

Turbine Load Controller Model LCFB1

Freq

Emax

”

db

—db

/

—€max

-L

rmax P

P

gen

Frequency Bias Flag - fbf, set to 1 to enable or 0 to disable
Power Controller Flag - pbf, set to 1 to enable or 0 to disable

States
1-P,. Sensed

2-K,
Model supported by PSLF



Governor BPA GG

Governor BPA GG
WSCC Type G Governor Model

K, Ao

A 4

PM AX 1 @
{ 14T,

States

1-P ..

2 - Lead-Lag 1

3 - Integrator 3

4 - Integrator 4

Model in the public domain, available from BPA



Governor BPA GH

Governor BPA GH

WSCC Type H Hydro-Mechanical Governor Turbine Model

PILOT VALVE GATE SERVO TURBINE
) / \
Py, PMAX(P.U.)
RN (©) 1@
To(14sT,) S
P Pyn=0

States
l1-P
2 - P gate valve

3-y3

4 - Feedback

Model in the public domain, available from BPA

mech



Governor BPA GIGATB, BPA GJGATB, BPA GKGATB, and BPA GLTB

Governor BPA GIGATB, BPA GJGATB, BPA GKGATB, and

BPA GLTB

No block diagrams have been created



Governor BPA GSTA

Governor BPA GSTA

WSCC Type S Steam System Governor
And Nonreheat Turbine (Type A) Model

P

MAX(P.U.)

K, Ao

DOWN PMIN(P.U.)

States
1-P
2 - P gate valve

3 - Lead-lag

Model in the public domain, available from BPA

mech




Governor BPA GSTB

Governor BPA GSTB
WSCC Type S Steam System Governor and Tandem Compound

Single Reheat Turbine (Type B) Model

. PMAX(P.U.)
PUP
K Ao 1 |©
— oS Pgy
PDOWN PMIN(P.U.)

States
1 - P gate valve 1 @

2 - Lead-lag 1+5T,

3-y3

4 -vy4

5-vy5

Model in the public domain, available from BPA

A 4




Governor BPA GSTC

Governor BPA GSTC
WSCC Type S Steam System Governor and Tandem Compound

Double Reheat Turbine (Type C) Model

Py . PMAX(P.U.)
PUP
K Ao N O
—> »
S Py
PDOWN PMIN(P.U.)

States

1 - P gate valve
2 - Lead-lag 1 @
3-y3 1+sTg,

4 -y4

5-vy5

6 -yb6

Model in the public domain, available from BPA

A 4




Governor BPA GWTW

Governor BPA GWTW
WSCC Type W Hydro Governor System

And Hydro Turbine (Type W) Model

P

MAX/100

GV

+
KAw 14T,
—> e —
(I4sT))(1+sT,)

@ @ PMIN/IOO

States

1 - Pmech

2 -y0

3-yl

Model in the public domain, available from BPA

A 4

1-sT, @ Py

1+0.55T,,




Governor CCBT1

Governor CCBT1
Steam Plant Boiler/Turbine and Governor Model

rvalve

MIN6 Valve Bias

Model supported by PSLF

Proportional-integral blocks 1-6 also have rate limits not shown in the block diagram




Governor CRCMGV

Governor CRCMGV

Cross Compound Turbine-Governor Model

Reference

Speed(Hp)

MAX(HP)

1+sF, . T.

(HP) "5(HP)

P

mech(HP)

(1+sT3(HP))(1+ST4(HP))(1+STS(HP))

OJORO)

T+

MAX(LP)

A 4

( DH(HP))( S )2 I

Speed,;,,
)
States

1 - HPInput
2 - HPStatel
3 - HPState2

Low-Pressure Unit

g (1+ST3(LP))(1+ST4(LP))(1+S'|'5(LP))

1+sF, ..T.

(LP) "5(LP) +

P

mech(LP)

ONORO)

4 - HPState3
5 - LPInput

6 - LPStatel
7 - LPState2

8 - LPState3
Model supported by PSLF and PSSE

A 4

(_DH(LP) )( ET—HP )2 I




Governor DEGOV

Governor DEGOV
Woodward Diesel Governor Model

Speed

States

1 - Control box 1
2 - Control box 2
3 - Actuator 1

4 - Actuator 2

5 - Actuator 3
Model supported by PSSE

T;Af 1+Speed
_ (14T K (1+5T,) -
1+5T +5'T,T, s(1+5T,)(1+sT,) e
_/ ——
 — e —
Electric Control Box Ty Engine
@ @ Actuator

OJORO)

mech



Governor DEGOV1

Governor DEGOV1
Woodward Diesel Governor Model

ref

Aw
Speed

™M

—(1+5T;)
14T, +°T,T,

%/—/
Electric Control Box

© @

States

1 - Control box 1

2 - Control box 2

3 - Actuator 1

4 - Actuator 2

5 - Actuator 3

6 - Droop Input

Model supported by PSSE

DROOP

T
MAX 1+Speed
/_
K (1 + ST4 ) Pmech
s(1+5T,)(1+5T,) e
_/ —
Ty Engine
Actuator
@ @ @ 0e _.~Droop Control
»
o
@ 1 SBASE Pelec
] &——
1+sT. MBASE




Governor G2ZWSCC

Governor G2WSCC
Double Derivative Hydro Governor and Turbine

Represents WECC G2 Governor Plus Turbine Model

Ao
(Speed)| | fops || 1
db, 1+STD
1 Pelec
1+sT;
States
l- Pmech
2-T,
GV PGV 1+ sAturthurb @Pmech 3 ) Kl
+ db Ngy g 1+ SBturthurb 4-K2 first
- 5-K, second
VEL o5t PuiN 6 - Integrator
7-P,.. Sensed
Model supported by PSLF 8 - Valve
GV1, PGV1...GV6, PGV6 are the x,y coordinates of N, block 9 - Gate



Governor GAST_GE

lf (DV >LINC ) RLIM :LTRAT
else R R

LIM = MAX

Governor GAST_GE

Gas Turbine-Governor Model

1

Ao
(Speed)

®©
/l: 1+5T
)

v

dbb
—»
Pmcch

Model supported by PSLF
GV1, PGV1...GV6, PGV6 are the x,y coordinates of P, vs. GV block

States

I - Input LL

2 - Integrator

3 - Governor LL
4 - Load Limit

5 - Temperature



Governor GAST _PTI

Governor GAST_PTI
Gas Turbine-Governor Model

ol

Speed > turb I
1
R VMAX
Load
+
States A, (Load Limit)
1 - Fuel Valve
2 - Fuel Flow

3 - Exhaust Temperature
Model supported by PSSE



Governor GAST2A

Governor GAST2A

States

1 - Speed Governor

2 - Valve Positioner
3 - Fuel System

4 - Radiation Shield
5 - Thermocouple

6 - Temp Control

7 - Turbine Dynamics

Temperature

Control*

Gas Turbine-Governor Model

+
O
Reference

Speed
MIN Governor

Select

Speed
Control

Ao

1.0

2a0)

Radiation

Shield

Turbine
K e
K, + f Turbi
1+sT. 1 urbine
3 Exhaust

w I
fl e_SETD

Valve Fuel
6 a
Positioner System @ W,

©

mech

MBASE

A 1
C+sB

Gas Turbine

Dynamics
@ | 1
Turbine I+ STCD
Wi
E:

* Temperature control output is set to output of speed governor when temperature control input changes from positive to negative

f =T, -A, (1.o-wﬂj-Bfl (Speed)

Model supported by PSSE

f,=Ap-Bp (sz)'cfz (Speed)



Governor GASTWD

P Governor GASTWD
Woodward Gas Turbine-Governor Model

MAX Radiation

Thermocouple

Shield
Turbine
Temperature K + KS
Control* 4 1+sT. Turbine
3 Exhaust

MAX

©
T Setpoint for

Temperature Control
g K Valve Fuel
6
v Fuel Positioner @ System @Wf
Speed Control
Reference Low A _
> Value K, C+B g
“ Select +S
Speed
> Control
1
States MIN - Turbi 1+sT,
urbine
1 - Power Transdficer Aw P T Wi ;
- mech RATE f Gas Turbine
2 - Valve Positiofer < MBASE 2 Dynamics
3 - Fuel System
4 - Radiation Shield
5 - Thermocouple 1.0 §
+
6 - Temp Control Z @
7 - Turbine Dynamics
8§-PID 1

9-PID 2 * Temperature control output is set to output of speed governor when temperature control input changes from positive to negative

Model supported by PSSE £=Tp -Apy (1 0w )-B o (Speed)  f,=Ap By (w o )-c o (Speed)



Governor GGOV1

Governor GGOV1 - GE General Governor-Turbine Model

If D >0, (Speed)

ok : D
! IfD <0, (Speed+1) Pm MM |
(Ldref /Kturb)+wfnl I +

s © 1 1+5T,, =
- 1+ STFIoad 1+ STSB S

Low
Value
Select
VMAX
VMIN
OT Tl
governor output 1.0 (Speed+1)
valve stroke States
1 -P,. Measured 5 - Turbine LL
2 - Governor Differential Control 6 - Turbine Load Limiter
3 - Governor Integral Control 7 - Turbine Load Integral Control
Model supported by PSLF 4 - Turbine Actuator 8 - Supervisory Load Control
Model supported by PSSE does not include non-windup limits on K, block 9 - Accel Control
Rps Rpowns Reross» and R iy inputs not implemented in Simulator 10 - Temp Detection LL



Governor GGOV?2

Governor GGOV?2 - GE General Governor-Turbine Model

(Ldref /Kturb)+anI =

ON616]0610

+
é 1
Z - 14+ST

S5

fsrt

fsra

<

Low

Value
Select

fsrn

If D >0, (Speed)

»

IfD <0, (Speed+1) "

vmin

rclose 0 Wl

b O¢

governor output

1.0 (Speed+1)

\\ _1
\Rselect

Model supported by PSLF

valve stroke



Governor GGOV3

Governor GGOV3 - GE General Governor-Turbine Model

IfD >0, (Speed) » D I
**D
+ " MECH
Ldref IfD <0, (Speed+1)

—> (Ldref /Kturb)+anI = +

governor output 1.0 (Speed+1)

States valve stroke
‘Rselect 1 - P, Measured 5 - Turbine LL 9 - Accel Control
2 - Governor Differential Control 6 - Turbine Load Limiter 10 - Temp Detection LL
3 - Governor Integral Control 7 - Turbine Load Integral Control 11 - Fuel System Lead Lag
Model supported by PSLF 4 - Turbine Actuator 8 - Supervisory Load Control

dnrate, R, Rpouns Rerose> ahd Ry Inputs not implemented in Simulator



Governor GGOV3 - GE General Governor-Turbine Model

Filtered

slope =1
Measured ffa
—»
Speed I I
ffb
~ slope = ffc
Nonlinear Speed Filter
Model supported by PSLF

Rate limit dnrate not used in Simulator

Speed

dnlo

dnhi

:

Percieved

Speed



Governor GPWSCC

Governor GPWSCC
PID Governor-Turbine Model

K I
P, P I

Ao +
(Speed) A 1 Ccv
db 2 1+sT,
i _ T, =0
R ° 1 Pelec
@ 1+sT,
(T, >0)
VI;EPEN P/Mﬁ(
Ks 1 @ GV PGVk I+ sAumTwr |
1+sT, S db, N, 1+ 8By T
+ —
VEL [ osE Py
States
1-P .. 5-P,.. Sensed
2-T, 6 - Valve
Model supported by PSLF 3 - Integrator 7 - Gate

GV1, PGV1...GV6, PGV6 are the X,y coordinates of N, block

4 - Derivative



Governor HYG3

Governor HYG3
PID Governor, Double Derivative Governor, and Turbine Aw = (speed-1)pu

States

1-T,

2-K,

3-K,

4 - Valve

5 - Gate

6-Ty

7-P,. Sensed
8 - K, First

9 - K, Second

Model supported by PSLF Note: cflag determines numbering of states GV1, PGVL1...GV6, PGV6 are the x,y coordinates of N, block



Governor HYGOV

Governor HYGOV

Hydro Turbine-Governor Model

GMAX

v

‘GM‘IN
rate limit - V_

GV

States

1 - Filter Output
2 - Desired Gate
3 - Gate

4 - Turbine Flow
Model supported by PSSE and PSLF

Rperm shown as R, Rtemp shown as r
GV0, PGVO0...GVS5, PGVS are the x,y coordinates of N, block
Ttur, Tn, Tnp, dbl, Eps, db2, Bgv0...Bgv5, Bmax, Tblade not implemented in Simulator



Governor HYGOV?2

Governor HYGOV?2

Hydro Turbine-Governor Model

Vomax G
MAX
1+sT, |Q) 1 |®
1+sT, s
-Vaomax G MIN
R
Pmech @ 1- ST5
<+ Puax 1+sT;
States

1 - Filter Output

2 - Governor

3 - Governor Speed
4 - Droop

5 - Gate

6 - Penstock
The G,y Gy limit is modeled as non-windup in PSSE but as a windup limit in Simulator.

Model supported by PSSE



Governor HYGOV4

Governor HYGOV4
Hydro Turbine-Governor Model

Bgv0...Bgv5, Bmax, Tblade not implemented in Simulator
GV0, PGV0...GVS5, PGVS are the x,y coordinates of N, block
Model supported by PSLF

States

1 - Velocity
2 - Gate

3 - Rtemp
4-T,



Governor HYST1

Governor HYST1
Hydro Turbine with Woodward Electro-Hydraulic PID Governor,
Surge Tank, and Inlet Tunnel

GMAX
I:)GV
| 1 | -
| 14T, 7
> Dturb I

Not yet implemented in Simulator
Model supported by PSLF



Governor IEEEG1

Governor IEEEG1
IEEE Type 1 Speed-Governor Model

Ao
SPEEDHP

States

1 - Governor Output
2 - Lead-Lag

3 - Turbine Bowl

4 - Reheater

5 - Crossover

6 - Double Reheat
Model supported by PSLF includes hysteresis that is read but not implemented in Simulator

Model supported by PSSE does not include hysteresis and nonlinear gain
GV1, PGV1...GV6, PGV6 are the x,y coordinates of P,, vs. GV block



Governor IEEEG2

Governor IEEEG2
IEEE Type 2 Speed-Governor Model

K(1+sT,) _ 1-sT,

Aw 2

—> > P
Speed (I+sT)(A+sTy) @ Z / 1+0.5sT, mech

States
1 - Pmech

2 - First Integrator

3 - Second Integrator

Model supported by PSSE



Governor IEEEG3_GE

Governor IEEEG3_GE

IEEE Type 3 Speed-Governor Model IEEEG3

Speed

GV
»

PSLF model includes dbl, db2, and Eps read but not implemented in Simulator
Model supported by PSLF

KTURB (1 + ATURBSTW ) Ee:h
1+ BTURBSTW @
States
1-P

mech

2 - Servomotor position
3 - Gate position

4 - Transient droop



Governor IEEEG3_PTI

Governor_IEEEG3_PTI

IEEE Type 3 Speed-Governor Model IEEEG3

PMAX
l @ ay {1'{3‘11 _%]STW} @ Pmech
T,(1+sT,) s B
1+a,sT,
PMIN
I:\)PERM *
RTEMPSTR

1+sT,

States
1-P ..
2 - Servomotor position
3 - Gate position
4 - Transient droop
Model supported by PSSE



Governor IEESGO

Governor IEESGO
IEEE Standard Model IEEESGO

K (1+sT,)
(1+ST,)(1+5sT,) @

Speed

Model supported by PSSE

P,

+

I:)MAX

MIN

1
1+5sT,

States

1 - First Integrator

2 - Second Integrator
3 - Turbine T4
4 - Turbine T5
5 - Turbine T6



Governor PIDGOV

Governor PIDGOV - Hydro Turbine and Governor Model PIDGOV

Z = PREF
1
[ 2
Y 0 Feedback signal States
SBASE [ P,,.. 1 - Mechanical Output
2 - Measured Delta P
3-PI
1 4 - Regl
1+sT, 5 - Derivative
6 - Reg2
7 - Gate
G MAX
Power ,;
1-sT. mech
2 "l TosT 72 1
1 Gate z -
TZ = (A tw )*Tw
> Dturb I
Model supported by PSLF

Model supported by PSSE (G0,0), (G1,P1), (G2,P2), (1,P3) are x,y coordinates of Power vs. Gate function



Governor TGOV1

Governor TGOV1
Steam Turbine-Governor Model TGOV1

VMAX
1
Prer ﬁ’@—' E
Ao ® J D |
Speed i I
States
1 - Turbine Power
2 - Valve Position
Model supported by PSLF

Model supported by PSSE



Governor TGOV?2

Governor TGOV?2
Steam Turbine-Governor with Fast Valving Model TGOV2

|-

Reference
—O—

Speed t I

T,: Time to initiate fast valving. g A |, Te o
= »
T,: Intercept valve, v, fully closed T, 8 ¢ Ts . !
seconds after fast valving initiation. % T ! !
= > | i
T,: Intercept valve starts to reopen T, °>“ 1 ! !
seconds after fast valving initiation. =0 N\ W
[aB ———L_-
0] ! | ! !
T.: Intercept valve again fully open T, % E | E i States
seconds after fast valving initiation. = L . ! > 1 - Throttle
— T(T+T)(T+T) (T+T)
PR A e e 2 - Reheat Pressure

Time, seconds
3 - Reheat Power

4 - Intercept Valve

Model supported by PSSE



Governor TGOV3

Governor TGOV3

Modified IEEE Type 1 Speed-Governor with Fast Valving Model

REF
P
Ao @ Yo MAX 5 0.8
Speed | K(+sT) 1 1 kS
T = — =
1+5T, T, S
003
U C MIN Intercept Valve
Position
T,: Time to initiate fast valving. S 4 e T .
T,: Intercept valve, v, fully closed T, '% Tg i States
seconds after fast valving initiation. A~ . !
) T, ' ! 1-LL
= > : '
T,: Intercept valve starts to reopen Ty S ! ! : 2 - StateT3
seconds after fast valving initiation. ~ N W
8.0 |---p--N : ! 3 - StateT4
T.: Intercept valve again fully open T, g E i E i 4 - StateT5
seconds after fast valving initiation. = ! - ! >
= T, (TI + TA) (TI £ T, ) (TI £ T, ) 5 - StateT6
Time, seconds 6 - Intercept Valve

Model supported by PSLF
Model supported by PSSE Gvl,Pgvl ... Gvob, Pgv6 are x,y coordinates of Flow vs. Intercept Valve Position function



Governor TGOV5

Governor TGOVS5 - IEEE Type 1 Speed-Governor Model Modified to Include Boiler Controls

K(1+sT,)
1+sT,

P

RMIN

E
(Pressure Error)

ﬂ I_MIN

-DPE

Dead

DPE
Band

CMAX

O @O0

Desired

K, (14T, ) (1+sTy)

s(1+sTy)

CMIN

Fuel Dynamics

—sTp

e

MW

Model supported by PSSE

+
> Kll i "

(14T ) (1+sT,,)




Governor URGS3T

Governor URGS3T
WECC Gas Turbine Model

1 States
14T 1» 1 - Input LL
2 - Integrator
If (Dy>L), then R, :_LTRAT ® 3 - Governor LL
clse. Run = Runx 4 - Load Limit

5 - Temperature

©

Py 1+ AsT, Pov
g 1 + BST2 ! GV d bz
1 1
R 14T,
Speed I
—e Dturb I
Model supported by PSSE

GV1, PGV1...GVS, PGVS5 are the X,y coordinates of P, vs. GV block



Governor WT12T1

Governor WT12T1

Two-Mass Turbine Model for Type 1 and Type 2 Wind Generators

From
WTI2A
Model

1 Rotor
a)base I > g ang]e
d

eviation

Initial rotor slip

H,=HxH . States

H,=H-H, 1 - TurbineSpeed

K B 2Ht><Hg><(27[><Freql)2 2 - ShaftAngle
shaft Hxo, 3 - GenSpeed

Model supported by PSSE 4 - GenDeltaAngle



Governor W2301

Governor W2301

Woodward 2301 Governor and Basic Turbine Model

Speed
Pref R € f

Pelec = 1 - 1+0.5Rho-s
7| LasT, Beta-5(1.05— Alpha)
Pl
Controller
Speed ® » 1+2Beta-s
Valve Servo meeh
Gmin
States
1 - PelecSensed
2-PI
Gain, Velamx read but not implemented in Simulator. 3 - Valve

Model supported by PSLF 4 - Turbine



Governor WEHGOV

Governor WEHGOV
Woodward Electric Hvdro Governor Model

Pilot Valve Distribution Valve
Gmax+DPV GTMXOP*Tg

v

1

Gmin-DPV

States
1 - Pilot Valve
2 - DistributionValve

4 - Turbine Flow
5 - Derivative

6 - Integrator

7 - PelecSensed

Feedback
signal > Feedback Gmax 3 - Gate
RpermPE . 1
ltsT. Gmin-DICN 1 2
PE Gate position, g| S Ty
RpermGate
P (¥)Out=0 if |[ERR|< (Speed deadband) Gmin
elec Out = ERR(l)—-(Speed deadband) if ERR > (Speed deadband)
Out = ERR(I)+ (Speed deadband) if ERR < —(Speed deadband)
Governor and Hydraulic Actuators
Speed—p
Gate Flow Steady-State
position, g 1
—> V STW
ate Flow
Turbine Flow, q
Turbine Dynamics
Model supported by PSSE y

(Gate 1, Flow G1)...(Gate 5, Flow G5) are X,y coordinates of Flow vs. Gate function
(Flow P1, PMECH 1)...(Flow P10, PMECH 10) are x,y coordinates of Pmss vs. Flow function



Governor WESGOV

Governor WESGOV

Westinghouse Digital Governor for Gas Turbine Model

Reference

l Pech
(1+sT)(1+sT,) |Ga)

Droop

A

Digital Control ***

*Sample hold with sample period defined by Delta TC.
**Sample hold with sample period defined by Delta TP.
***Maximum change is limited to A between sampling times.

States
1 - PEMeas
2 - Control
3 - Valve
4 - PMech
Model supported by PSSE
A, read but not implemented in Simulator



Governor WNDTGE

Governor WNDTGE

Wind Turbine and Turbine Control Model for GE Wind Turbines

Trip
Spdwl Over/UnderI Signal
Speed Trip Stat(?s
1 - Pitch

1 5 P 2 - Pitch Control
@ —0.67P,,. +1.42P,. +0.51 I!—

Pitch Pitch Limits 3 - Torque Control
9 Derr Anti-windup on PWmax & PWrat 4 - Pitch Compensation
@ Pox;rgants ¢ 5 - Power Control
Korg T Kig / SI@>@+ 6 - Speed Reference
PImin & -PIRat Pitch Control Torque 7 - Mech Speed
Anti-windu;;gl Pitch Limits Control PWii & PWiat 8 - Mech Angle

4

Pitch 1Kt Kic /S

Power Response 9 - Elect Speed
Compensation _ /

Rate Limit 10- ElectAngle
S 11- Washout

Wind !
Speed! | Wind P, | 1 Active Power 12- Active Power
. —» Power 1+5sT,,, Control
(ghmv): Model — (optional)

Bus Freq avfy b
Frequency L set
. Response To gewtg
Auxiliary Curve Trip Signal
Signal . (glimit)
(psig) if(fbus<fbOR | =
i fbus > fc) fflg

___________________________________

Model supported by PSLF
Apcflg is set to zero. Limits on states 2 and 3 and trip signal are not implemented. Simulator calculates initial windspeed Spdwl.



Governor WNDTGE
Wind Turbine and Turbine Control Model for GE Wind Turbines

T Wind Power Model
Av C,(4,6)

mcch

A=K, (@/V,)

ZZOZ g

__________________________

Model supported by PSLF



Governor WNDTRB

Governor WNDTRB
Wind Turbine Control Model

BPR

Ko (1+sT)
1+sT,

Rotor speed

Cos

wn |-

r

-BPR 5 P

States
1 - Input
2 - Blade Angle (Deg)

3 - Blade Pitch Factor
Model supported by PSLF



Governor WPIDHY

Governor WPIDHY

Woodward PID Hydro Governor Model

States
1 - Mechanical Output

gﬁ 0.y 2 - Measured Delta P

%é G,.P) 3 -PIDI

5" G,.P) 4 - PID2
5 -PID3

0 (G,,0) 1.0 6 - Velocity
Gate Position (pu) 7 - Gate
Vel y G yax Pyiax

3
1 4 1 Gp
(1+5T,) - 1+5sTg

1
S
Vel (G

:DI _>f2
__|

Model supported by PSSE



Governor WSHYDD

Governor WSHYDD

WECC Double-Derivative Hydro Governor Model

Ao
(Speed) err || | 1 @ ﬁ I©
db, 1+sT, s I
T, =0
R ® a 1 Pclcc
(TT > 0) 1+STT
GV PGV 1+ SAturthurb Trate PmeCh
i _ dbz Ngy g 1+ SBturthurb MVA @
States
1-P . 6 - Integrator
2-T, 7-P,.. Sensed
3-K, 8 - Valve
Model supported by PSSE 4 -K, first 9 - Gate

Inputs GV1, PGV1...GV5, PGVS5 are the x,y coordinates of N, block 5-K, second



Governor WSHYGP

Governor WSHYGP
WECC GP Hydro Governor Plus Model

Aw

(Speed) err

GV

K 191 |@
+ 1+STP g db
2
VEL 1 0sE Py
Model supported by PSSE

GV1, PGV1...GV5, PGVS are the x,y coordinates of N, block

1+ SA'(urb-l-'(urb Trate Pmech
1+ SBturthurb MVA

States
1-P .. 5-P,. Sensed
2-T, 6 - Valve

3 - Integrator 7 - Gate

4 - Derivative



Governor WSIEG1

Governor WSIEG1
WECC Modified IEEE Type 1 Speed-Governor Model

Aw® err
db

GV

States

1 - Lead-lag

2 - Governor Output
3 - Turbine 1

4 - Turbine 2

5 - Turbine 3

6 - Turbine 4

Iblock =1 : if P, =0, P, =Pinitial
Iblock = 2 : if P,;, =0, P,,, =Pinitial

Iblock =3 : if P, =0, P, =Pinitial
1 1f Py =0, Py ax =Pinitial

GV1, PGV1...GV5, PGVS5 are the x,y coordinates of N, block
Model supported by PSSE



Governor WT1T

Governor WT1T
Wind Turbine Model for Type-1 Wind Turbines

From
Generator
P Model
1 1 To
i - W 3 Generator
2H S Model and
Governor
From Model
Governor
Model
Damp

Type LWTG Turbine One - mass Model

(Dt
From States
Governor I ..,
Model 1 - TurbineSpeed
2 - ShaftAngle
3 - GenSpeed
From 4 - GenDeltaAngle
Generator P o
Model : Ht:HXHtfrac
H,=H-H,
, 2
TypeIWTG Turbine Two - mass Model K = 2H xH x(2nxFreql)

H
Model supported by PSLF



Governor WT3T

Governor WT3T

Wind Turbine Model for Type-3 (Doubly-fed) Wind Turbines

From
Generator
Model

i Simplified 1
1Aerodynamic Model

Blade
Pitch
0
From +

Pitch Control
Model

To Pitch
Control Model
and Converter
Control Model

___________________________

Type 3WTG Turbine One - mass Model

Theta2

When windspeed > rated windspeed, blade pitch initialized to 6 =

0.75

Type 3WTG Turbine Two - mass Mo

Model supported by PSLF

el

[1_

States

I - TurbineSpeed

2 - ShaftAngle

3 - GenSpeed

4 - GenDeltaAngle
H,=HxH
H,=H-H,
K = 2Ht><Hg><(27[><Freq1)2

H

tfrac




Governor WT3T1

Governor WT3T1

Mechanical System Model for Type 3 Wind Generator

Blade
Pitch

From 0
WT3P1 Model

ero 1M1t1A1

+ P

+

Initial

Pitch 0
Angle
Kshaft @
S
1 Rot
j@.Aizgﬂz
S Deviation
Ht:HXHtfrac
H,=H-H,
_ 2H, xH x(2nxFreql)®
shaft HX(DO

Model supported by PSSE



Governor BBGOV1

S wd
ee

O QOO

European Governor Model BBGOV1

PELEC

l SWITCH =0

SWITCH =0

sKp
1+sTy

I:’M AX

I:’MIN

1+sT,




Governor IVOGO

IVO Governor Model VOGO

REF
MAX, MAX,
. [ [ MAX
SPEED % K (A +sT) K,(A +sT,) K(A+sT) |
- AT, CA+ST, I_’ A+sT, |
7/ —/ MIN;
MIN, MIN,

ON616J0010;



Governor TURCZT

Czech Hydro and Steam Governor Model TURCZT

Frequency Bias

Power Regulator
BSFREQ *

A 4

Hydro Converter

dFREF

+ Frequency Bias

a

@ @® ®@@ HP Part K—I Steam Unit

HP I
Regulation Valves !

1+sTyp Reheater
VMAX GMAX

SBASE
PELESE
MBASE 1+ 5T,

Measuring Transducer N

Governor

1
Yeee 4 1/_ 1/_ SWITCH =1 ﬂlﬁ
_ Tu SWITCH =0
VN Guin > KlM iy
> 1 Hydro Unit
1+sT, /2

Turbine



Governor URCSCT

Combined Cycle on Single Shaft Model URCSCT

Plant
Output (Steam Turbine Rating,
(MW) Steam & Gas Turbine Rating)

(STOUT C,POUT C)

(STOUT B, POUT B)

(STOUT A POUT A)

Steam Turbine Output (MW)

O QOO



Governor HYGOVM

Hydro Turbine-Governor Lumped Parameter Model HYGOVM

HSCH
/ (V) SCHARE
T Qseh  |SURGE
(\L/AKE CHAMBER
TUNNEL

TUNL / A,TUNLOS

SCHLOS

PENSTOCK
H PENL / A,PENLOS
BSCH

TURBINE v

QPEN \

Hydro Turbine Governor Lumped Parameter Model



Governor HYGOVM

Hydro Turbine-Governor Lumped Parameter Model HYGOVM

Gate +
Relief Valve

INPUT

SPENL/A

STUNL/A

QPEN

2
Q sen
Qrun
LEGEND:
gv Gravitational acceleration
TUNL/A Summation of length/cross section of tunnel

SCHARE  Surge chamber cross section

PENLOS Penstock head loss coeficient

FSCH Surge chamber orifice head loss coeficient

PENL/A Summation of length/cross section of penstock,
scroll case and draft tube

A
0

HSCH
QPEN
QTUN
QSCH

O QOO

Turbine flow gain

Gate + relief valve opening
Water level in surge chamber
Penstock flow

Tunnel flow

Surge chamber flow

Hydro Turbine Governor Lumped Parameter Model

OUTPUT



Governor HYGOVM

Speed Governor 0.01
S d GMA><
pee
Reference - /_

LEGEND:
R

-

4=

g

MXGTOR
MXGTCR
MXBGOR

Hydro Turbine-Governor Lumped Parameter Model HYGOVM

1+sT,
rsT,

_/

GMIN

O QWO

Permanent droop

Temporary droop

Governor time constant

Filter time constant

Servo time constant

Maximum gate opening rate
Maximum gate closing rate
Maximum buffered gate opening rate

Jet Deflector | MXJDOR
1
— —>
T, Deflector
Position
MXJDCR
Gate Servo
MXGTOR or
MXBGOR
1
T, Gate
Opening
MXGTCR or
MXBGCR
RVLVCR + RVLMAX
Relief Valve
Relief Valve Opening
0
MXBGCR Maximum buffered gate closing opening
GMAX Maximum gate limit
GMIN Minimum gate limit
RVLVCR Relief valve closing rate
RVLMAX Maximum relief valve limit
MXJDOR Maximum jet deflector opening rate
MXJDCR Maximum jet deflector closing rate



Governor HYGOVT

Hydro Turbine-Governor Traveling Wave Model HYGOVT

HSCH
/ (V) SCHARE
H QSCH SURGE
LAKE CHAMBER
V)
TUNNEL SCHLOS
QT“N\> 5 PENSTOCK
BSCH
HTAIL
Qe TURBINE v
Time
TUNNEL
(TUNLGTH,TUNSPD, TUNARE,TUNLOS)
Tunnel Inlet
Constraint
Surge Chamber

Constraints

DELT *ICON(M +3)

Space

Flows  VAR(L+46) o VAR(L+45+ICON(M +2))= Q.
Heads VAR(L+66) TUNLGTH /(ICON(M +2)+1) VAR(L+65+ ICON(M +2))= H .,

Hydro Turbine Governor Traveling Wave Model



Governor HYGOVT

Hydro Turbine-Governor Traveling Wave Model HYGOVT

Surge Chamber

SCHLOS

Time
PENSTOCK
(PENLGTH,PENSPD,PENARE,PENLQOS)

Surge Chamber

Constraints )
Turbine

Constraint

DELT *ICON(M +1)

Space

Flows VAR(L+6)=
Heads VAR(L+26)

PEN
H BSCH

Q —— VAR(L + 55+ ICON(M))

PENLGTH / (ICON(M)+1) VAR(L + 25+ ICON(M))

Hydro Turbine Governor Traveling Wave Model



Governor HYGOVT

Hydro Turbine-Governor Traveling Wave Model HYGOVT

Jet Deflector | MXJDOR
1
— —>
T, Deflector
Position
MXJDCR
+
Speed Governor 0.01 Gate Servo
G yax MXGTOR or
Speed MXBGOR
Reference {~ [
1 1+sT, 1
1+sT, rsT, T, Gate
Opening
_/
G MXGTCR or
MXBGCR
RVLVCR + RVLMAX
Relief Valve
Relief Valve Opening
LEGEND: 0
R Permanent droop MXBGCR Maximum buffered gate closing opening
r Temporary droop GMAX Maximum gate limit
T, Governor time constant GMIN Minimum gate limit
T, Filter time constant RVLVCR Relief valve closing rate
T, Servo time constant RVLMAX Maximum relief valve limit
MXGTOR Maximum gate opening rate MXJDOR Maximum jet deflector opening rate
MXGTCR Maximum gate closing rate MXJDCR Maximum jet deflector closing rate

MXBGOR Maximum buffered gate opening rate
Hydro Turbine Governor Traveling Wave Model



Governor TGOV4

Modified IEEE Type 1 Speed-Governor Model with PLU and EVA Model TGOV4

Generator Power M EVA > Rate

Level

IV #1

V1

> T
AND
3 EVA ] T 2
>
> Unbalance Y }

Level

Reheat Pressure

CV #1

CVv1

: Y
Timer | v #2

:

Generator Current STrpLu PLU > Rate
— RFLY >

Level =
_>AND > lcvo I_>
N LATCH : CV #3
+ L p
=D, > Unbalance CV #4
Level
N

@ @@ @@@ PLU and EVA Logic Diagram



Governor TWDM1T

Tail Water Depression Hydro Governor Model TWDM 1T

NREF

Speed =

1+5sT, e

VELM OPEN GATE MAX

1+sT, |—> €1 1
T, S

VELM CLOSE GATE MIN

O QOO

AFREQ 1
14sT, Af

\ 4

i

SAf

Af <FE I

Measured Frequency

Q

Af <F I
| B

Tail Water Depression Model 1

A 4

A 4

|
<sF, T_,LATCH I—

AND

T. LATCH

Tail Water Depression Trip Model

PMECH

Trip Tail
Water
Depression



Governor TWDM2T

Tail Water Depression Hydro Governor Model TWDM 2T

TWD Lock MAX \//ﬂﬂx G;T
1
s
GATMN
PMECH

Tail Water Depression Model 2

@ @®®@@ » Af <F I
_I Water

|
AND B Trip Tail
AFREQ 1 Depression
—» SAf <sF T LATCH
1+sT, Af <5 | P |

Measured Frequency

A <F |—> T, LATCH II

Tail Water Depression Trip Model

A 4

A 4

A\ 4




HVDC

Two Terminal DC Control Diagram

VOLTAGE Poes Pwoo
TRANSDUCER " Q " RECT
Voc Lo Vs | P | CONSTANT CONSTANT
—> DES — d loes

1+5sT, Viens | POWER CURRENT
CURRENT

TRANSDUCER |
MAX

IL, 1 I I T < Toes < lyax

1+sT, L, MAX orD — !DES

IMIN MIN > IDES’ IORD = IDES
| | max < oess Torp = T
MEAS Y VMIN VMEAS
MARGIN
SWITCH
IMIN :10%*IMAX
MIN :VLIM *VRATED
1 ] 1.35E,
LIM EOR‘ Eo 1+5sT,
IMOD /_ cosa =Yoo
(RECTIFIER) K, (1+sT,) %= o | coseg
CURRENT (L+ST,)(L+5T,) s Ve s y cosg,
MARGIN 0o—/ o
(INVERTER)

IMEAS

LIM = E_z(cosy, +C0S¥ i) — 2l yeas Re (RECT)
LIM = Eg, (CoSy +€0S ygrop) — 2l yeas Re (IVERT)

IMEAS

(RECTIFIER)

Model in the public domain, available from BPA

(INVERTER)



HVDC
WSCC Stability Program Two-Terminal DC Line Model

PGEN, + jQGEN,
—»

PGEN, - jQGEN,
— "

E, = V2 N Vi = 3\/5\/[” cosy, = IX—”_COSQr E; = 3z NV = ﬂvpi
T Vs \/EVpr Vs /4
. 31 . , 31
D,=E,cosa -—X, PGEN, = D,I D,=E, cosa -—X_
T T
cosd, = D, cosé, = %

r i

"= (E,cosay, —E;cosyy,y =V, =V,)/Ro;
| "= (E, cOSay,y + E; COSygop =V, = V) / Rigy

WHERE R,o; = R+ R,, + R,

r I

+i(xcr_ Xci)
T

Model in the public domain, available from BPA

IX

J2v

cos S, =cosé@, —
pi

PGEN, = D,



HVDC-MTDC Control System for Rectifiers and Inverters without

Current Margin

CURRENT

Voc Lo Vue | P | CONSTANT CONSTANT
— ¥ DES — [
1+5sT, Vuens I POWER
| yiax
IL, 1 I I Ly < 1p < lyax
14T, L, MAX loro = 1
e g o > uax s Toro = uax
| V o <l loro = I
DV
Ivieas
VdoL
LIM v
/_ GREATER
IREF —K,(1+sT) V3 vV
T TN OF THE COSa = —2%-—C0S Y,
(1+ST,)(1+5T,) | ' TWO oL o
_/

0.0

RECT LIM =V, (cosy, +COSy )
INV  LIM =V, (cosy, +COS ysrop)

Model in the public domain, available from BPA




HVDC-MTDC Control System for Terminals with Current Margin

C0S 7y = 2R (FRAC) 1 rrc +cosy, FRAC =0.25

Vdo INITIAL

Veoro = Vo (COS 7oy —COS7,) + 2R 1 orp

A 4

Veoro
VdoL 1 Vdo
LIM ] v 1+5T |
/_ +1.

K, @rsT) | Vs |GREATEST v cosa
N CoOSa = —%—C0S > —>
(L ST,)(L+ST) TWO w o

J .

0.0

LIM =V, (COS yoy + COS 510p)

Model in the public domain, available from BPA



HVDC

Detailed VDCL and Mode Change Card Multi-Terminal

CURRENT
1.0
Y,
Y,—
|| VOLTAGE
"o,

VDCL
Y,, Y, PU Current on rated Current base
V,, V, PU Voltage on rated Voltage base

Model in the public domain, available from BPA

YES| P

IORD

Mode Change

PU rated DC Voltage below
which mode is changed to constant
I from constant P



HVDC
Equivalent Circuit of a Two Terminal DC Line

R, R

cr eqr

RL Reqi Rci
A Id A
r VDi

VD

+ +
. Vdor COSO{r Vdr Vdi _

Model in the public domain, available from BPA



HVDC

BPA Converter Controller

VOLTAGE Poes Puvoo
TRANSDUCER i T RECT
Voc Lo Vs | P | CONSTANT | , CONSTANT | |
DES —
1+ 5T, Viess | POWER CURRENT | "%
CURRENT |
TRANSDUCER | -
MAX
IDC 1 1 |MAX If IIM|N i IIDES S IMAX
+S'|'C L, ORD DES
IMIN If IMIN > DES ! IORD = IDES
lyiea | It Tyax <Toesy loro = Tuax
S Y VMIN VMEAS
MARGIN
SWITCH
IMIN :10%*IMAX

— *
MIN VLIM VRATED

| 1 | 1.35E,
*® CURRENT ||M Eor | Eor 1+sTp
Ivob CONTROLLER/

Y
(RECTIFIER) K, (1+sT) 0% =g ~% | wsa
CURRENT (I+ST,)A+sT,) s =V—“—cos;/ ——>COSa,
MARGIN 0o—/
(INVERTER) LIM = Eqz (COSy, +€OS ) — 21 yeas R (RECT)
LIM = Eg, (COSy +€0S ygrop) — 2l yeas Re (IVERT)
IMEAS IMEAS
(RECTIFIER) (INVERTER)

Model in the public domain, available from BPA



HVDC
BPA Block Diagram of Simplified Model

Vi 1 Viess _ P CONSTANT CONSTANT
—» IDES = ® ® Ides
1+5sT, Viens | POWER CURRENT
Ides
| pax
| If Tuin < Tges < Tyax
MAX ord — Ydes
IMIN If IMINZIdes’IordZIMIN
| max = laess lora = uax
Vn  Vueas
IORD
Iord r o I Control Scheme
d ord r Logic
[ |
Vior COSQ =V, COS 7, —2V Ioc 4 cos
TR L [
1+sT, Cos ¢,
T Iord i > J
Vdoi Iord i Control Scheme Logic
If: k=1, »>CC—-CEAControl -1, =1,
DI + S )= Al Vi =Vor Vo, 0050, =V, 005y, + A/, +R 1
(current margin) I =1, >CIA-CC Control -1, =1
Lora T+ Ve =Y Vi 008 =V, 0080, — 2, —R 1
INV. Controller Iy <k <1, =CIA-CEA Control — 1, =i;

Model in the public domain, available from BPA & =0 1=,



HVDC

BPA Block Diagram of Simplified Model

IAC S 1 S
—» —_—
P.c 1+5T, 1+sT, S+¢&
Low Level Modulation
I
AC S 1 S s? +SA+B
P.c 1+5T, 1+sT, S+¢& g2 +sC+D
High Level Modulation
Pl\;Ax = PMAX - PDESIRED Pl;lN = PMIN
2 S 1 S 32_4_\@,,6&4_5l
RECT | 1+sT, 1+sT, S+g s?+sC,+D,
@, s 1 s $*+5A +B,
INV 1+sT,, 1+sT,, S+é, s?+sC,+D,

Dual Frequancy Modulation

Model in the public domain, available from BPA

-P

IMIN

IMOD

<

s S +sA+B E_>
$£+sC+D

I:)MOD

DESIRED

MAX f
I:)MIN

PMOD




HVDC

BPA Block Diagram of Simplified Model

Gamma Modulation

7 Mmax
1+sT, 14T,
Y MIN
VREF
T,, T;, T,, T, are in secs. K, isin degrees/pu volts
Yuax: Yuiy are in degrees A, B must be 1 or zero

HILO must be 5

Model in the public domain, available from BPA



Load Characteristic CIM5

Load Characteristic CIM5

Induction Motor Load Model

Typel Type2
R+ X4 R+ X4 iX,
—
% %,
X,
R R
S S
Impedances on Motor MVVA Base
Model Notes:

1. To model single cage motor: set R, =X, =0.

2. When MBASE = 0.; motor MVVA base = PMULT * MW load. When MBASE > 0.; motor MVVA base = MBASE

3. Load Torque, T, =T(1+D,)°

4. For motor starting, T=T_, is specified by the user in CON(J+18). For motor online studies, T=T, is calculated
in the code during initialization and stored in VAR(L+4).

5. V] is the per unit voltage level below which the relay to trip the motor will begin timing. To display relay, set

V=0

6. T, is the time in cycles for which the voltage must remain below the threshold for the relay to trip. T; is the
breaker delay time cycles.

Model supported by PSSE



Load Characteristic CIM6

Load Characteristic CIM6

Induction Motor Load Model

Typel Type2
R+ X, Ry + X, iX,
—
% %,
X,
R R
S S
Impedances on Motor MVVA Base
IModel Notes:

1. To model single cage motor: set R, =X, =0.

2. When MBASE = 0.; motor MVVA base = PMULT * MW load. When MBASE > 0.; motor MVVA base = MBASE

3. Load Torque, T, =T(A? +B, +C, + DE)D

4. For motor starting, T=T_, is specified by the user in CON(J+22). For motor online studies, T=T, is calculated
in the code during initialization and stored in VAR(L+4).

5. V] is the per unit voltage level below which the relay to trip the motor will begin timing. To display relay, set

V=0

6. T, is the time in cycles for which the voltage must remain below the threshold for the relay to trip. Ty is the
breaker delay time cycles.

Model supported by PSSE



Load Characteristic CIMW

Load Characteristic CIMW

Induction Motor Load Model

Typel Type2
Ry + X, Ry + X, iX,
E—
X 1%,
X,
R R
S S
Impedances on Motor MVVA Base
IModel Notes:

1. To model single cage motor: set R, =X, =0.

2. When MBASE = 0.; motor MVVA base = PMULT* MW load. When MBASE > 0.; motor MVVA base = MBASE

3. Load Torque, T, =T(A2 +B, +C, +DE)” where CO=1-A% -B, D

4. This model cannot be used formotor starting studies. T, is calculated in the code during initialization and
stored in VAR(L+4).

5. V] is the per unit voltage level below which the relay to trip the motor will begin timing. To display relay, set

V=0

6. T, is the time in cycles for which the voltage must remain below the threshold for the relay to trip. T; is the
breaker delay time cycles.

Model supported by PSSE



Load Characteristic CLOD

Load Characteristic CLOD
Complex Load Model

S
P+jQ

TAVAVATATANCY

R+ jX

P, =Load MW input on system base

' I Constant P=P,*V*
MVA O_ A
(M) () J :

v v
Large Small Discharge Transformer Remaining
Motors Motors Motors Saturation Loads

Model supported by PSSE



Load Characteristic EXTL

Load Characteristic EXTL

Complex Load Model

I:)initial Qinitial
PM |71|le QMLTMX
+ +
1 & 1 &
Pactual Pinitial S PMULT Qactual - Qinitial S QMULT

PMLTMN QMLTMN




Load Characteristic IEEL

Load Characteristic IEEL
Complex Load Model

P=R(aV* +aV® +aV® |(1+a,Af)

Q= Qg (V™ +3V™ +30V" ) (1+3Af )

Model supported by PSSE



Load Characteristic LDFR

Load Characteristic LDFR
Complex Load Model

Model supported by PSSE



Load Characteristic BPA INDUCTION MOTOR I

Load Characteristic BPA Induction Motorl

Induction Motor Load Model

R, + jX, Xg

MECHANICAL
LOAD

E

Model Notes:
Mechanical Load Torque, T =(A«’ +Ba+C)T,
where C is calculated by the program such that
A’ +Bo+C=10

o=1-w

Model in the public domain, available from BPA



Load Characteristic BPA TYPE LA

Load Characteristic BPA Type LA

Load Model

P=R RV +PV +Py+ Py (L+Af *Lp )

Model in the public domain, available from BPA



Load Characteristic BPA TYPE LB

Load Characteristic BPA Type LB

Load Model

P=R(RV?+PV+R,)(1+Af *L,,)

Model in the public domain, available from BPA



Stabilizer BPA SF, BPA SP, BPA SS, and BPA SG

Stabilizer BPA SF, BPA SP, BPA SS, and BPA SG

Stabilizer Models

Vi=Vie— Vi —»
CHOICE OF e, sT, 14T, 1+5T,, 1+sT,,
INPUT SIGNALS 14T, 14sT,, 14sT,, 14T,
SHAFT SLIP,
A FREQ. OR —]
ACCEL. POWER AV,

If Veyrope < 0.0, then V=V, Vsmax
If Viyrore >0.0, then F
Vs =st if |AVT| < Veurorr o J g t.\._ Ver

Vs=0.0 if [AV; [>Viyrop

States AV, =V, —V; Vium x
ZERO
1-Kg

2-Kyy

3-T,

4-T,

5-Ty

6 - Ty;

Model in the public domain, available from BPA



Stabilizer BPA SH, BPA SHPLUS, and BPA SI

Stabilizer BPA SH, BPA SHPLUS, and BPA SI

Stabilizer Models

No block diagrams have been created



Stabilizer IEE2ST

Stabilizer IEE2ST

IEEE Stabilizinag Model with Dual-Input Signals

Input Signal #1__

1+sT; 1+sT,
1+sT, 1+sT,

Output Limiter
Vi =V if (Vo > Ver > V)

Input Signal #2__

Vi =0 if (Vr > V)

States

1 - Transducerl

2 - Transducer2

3 - Washout

4-1LL1

5-LL2

6 - Unlimited Signal
Model supported by PSSE

Vo =0 if (Vo <Vg) —> V,,



Stabilizer IEEEST

Stabilizer IEEEST
IEEE Stabilizing Model

Filter

Input Signal—»

States

1 - Filter 1

2 - Filter 2

3 - Filter 3

4 - Filter Out
5-LL1

6-LL2

7 - Unlimited Signal

1+A s+A s’

(1+A s+A,s*)(1+A s+A %)

1+sT, 1+sT;,
1+sT, 1+sT,

® ©

Output Limiter

Vg = Vg if (Vo > Vi > Vi)
V=0 if (Vi <V)
Vi =0 if (Ve > V)

ST

Model supported by PSLF with time delay that is not implemented in Simulator

Model supported by PSSE



Stabilizer PFQRG

Stabilizer PFQRG

Power-Sensitive Stabilizing Unit

Reactive
Power
J=1 To Voltage
+ Regulator
—> Vg,
J=0 " Supplementary
Signal

Reference Signal,
Power Reactive power or
Factor Power Factor

States
1-PI
Model supported by PSLF



Stabilizer PSS2A

Stabilizer PSS2A
IEEE Dual-Input Stabilizer Model

Input Signal #1
— >
Input Signal #2
— >
States
1 -WOTWI1 11 - RampFilter3
2-WOTW2 12 - RampFilter4
3 - Transducerl 13 - RampFilter5
4 -WOTW3 14 - RampFilter6
5-WOTW4 15 - RampFilter7
6 - Transducer2 16 - RampFilter8
7-LL1 17 - RampFilter9
8-LL2 18 - RampFilter10

9 - RampFilter] 19 - LLGEOnly

10 - RampFilter2

Model supported by PSLF

Model supported by PSSE without T, ,T, lead/lag block and with K, =1



VSIMAX

VSI

VSIMIN

VSZMAX

VS 2

VSZMIN
States

1 -WOTWI1
2-WOTW2

Stabilizer PSS2B

Stabilizer PSS2B
IEEE Dual-Input Stabilizer Model

®

ST&ST&

1+sTy, 14Ty,

O]

sTy; sTy.
1+sT,,; 1+sTy,

11 - RampFilter3
12 - RampFilter4

3 - Transducerl 13 - RampFilter5

4 -WOTW3
5-WOTW4

14 - RampFilter6
15 - RampFilter7

6 - Transducer2 16 - RampFilter8

7-LL1
8-LL2

17 - RampFilter9
18 - RampFilter10

9 - RampFilter] 19 - LLGEOnly

10 - RampFilter2 20-LL3

Model supported by PSLF

Model supported by PSSE without T, ,T, lead/lag block and with K, =1



Stabilizer PSSSB

tnput 1} sTy,
1+sT, 1+sTy,
O
Inplﬁ» sTys STy,
1+sT,,; 1+sT,,
States
1 -WOTWI1 11 - RampFilter3
2-WOTW2 12 - RampFilter4
3 - Transducerl 13 - RampFilter5
4-WOTW3 14 - RampFilter6
5-WOTW4 15 - RampFilter7
6 - Transducer2 16 - RampFilter8
7-LLI 17 - RampFilter9
8-LL2 18 - RampFilter10

9 - RampFilter1

10 - RampFilter2 20 - WOTEB
Model supported by PSLF

19 - TransducerTEB

Stabilizer PSSSB
IEEE PSS2A Dual-Input Stabilizer Plus Voltage Boost Signal
Transient Stabilizer and Vcutoff

AVT =VTO 'VT

VSTMAX

[ |AV;|>Vcutoff

A\ 4




Stabilizer PTIST1

Stabilizer PTIST1

PTI Microprocessor-Based Stabilizer

K(1+sT,)(1+sT;)
(1+sT,)(1+5T,)

Model supported by PSSE but not yet implemented in Simulator



Stabilizer PTIST3

Stabilizer PTISTS3

PTI Microprocessor-Based Stabilizer

K(1+sT,)(14sT;) 1+sT; I ‘(A0+A15+A252)(A3+A4S+A552)
(1+sT,)(1+sT,) | | 1+sT, I | (B,+B,s+B,s*)(B,+B,s+B.s?)

P, on machine MVA base

DL !
Switch =0 Tap
Selection
—HL Table
.| Averaging Limit Ver
"| Function Functio AL
@
Switch = IJ
—AL

Model supported by PSSE but not yet implemented in Simulator



Stabilizer ST2CUT

Stabilizer ST2CUT

Stabilizing Model with Dual-Input Signals

Input Signal #1,

® ©

sT, 1+sT; 1+sT, 1+sT,
1+sT, 1+sT, 1+sT, 1+sT,,

Output Limiter

Input Signal #2 |

/" Vs = Vg 1 (Vo tVio>Vi>V +V,)
J vV > Vo =0 if (V; <Vi;+Ve)
L > Vi=0 if (Vo >V+Ve)

VS T

V., = initial terminal voltage

V. = terminal voltage
States

1 - Transducerl

2 - Transducer2

3 - Washout

4-LLI1

5-LL2

6 - Unlimited Signal
Model supported by PSSE



Stabilizer STAB1

Stabilizer STAB1

Speed-Sensitive Stabilizing Model

HLIM
Ks @ 1+sT, @ 1+sT. I@
Speed (pu) —> 1+sT I—' 1+sT: I_' 1+STj I JF > Var
-H

States

1 - Washout

2 - Lead-lag 1

3 - Lead-lag 2

Model supported by PSSE



Stabilizer STAB2A

Stabilizer STAB2A

Power-Sensitive Stabilizing Unit

3
P, onmachine __ | | K;sT,
MVA base

States

1 - Input State 1

2 - Input State 2

3 - Input State 3

4-T,

5 - Output State 1

6 - Output State 2

Model supported by PSSE



Stabilizer STAB3

Stabilizer STAB3

Power-Sensitive Stabilizina Unit

VLIM
P, on machine ! @ -SKx I@ F .V
MVA base 1+sT, 1+sTy, I J ST
'VLIM

States

l1-IntT,

2 -Int Ty,

3 - Unlimited Signal
Model supported by PSSE



Stabilizer STAB4

Stabilizer STAB4
Power-Sensitive Stabilizer

P, on machine
MVA base

States

I - Input

2 - Reset

3-LL1

4 -LL2

5-T,

6 - Unlimited Signal
Model supported by PSSE



Stabilizer STBSVC

Stabilizer STBSVC

WECC Supplementarv Sianal for Static var Compensator

Input Signal #1

Input Signal #2

States

1 - Transducerl

2-LL1

3 - Transducer2

4 -LL2

5 - Washout

Model supported by PSSE

1+sTg,,

1+sTg,,

sTq)3

b/
S3 I J
'Vscs



Stabilizer WSCCST

Stabilizer WSCCST
WSCC Power System Stabilizer

14sT, 45T, 14sT,

. O [ =1, |@ [ %L |@ T,

0
R
VK—>0>0—>

Model supported by PSLF Swl
Blocks in gray have not been implemented in Simulator

1+sT,,

States

1 - Transducerl
2 - Transducer2
3 - WashoutTq
4 -LL1

5-LL2

6-LL3

AV, =V -V,
AV, | >Vcutoff

’
’

Vcutoff



Stabilizer WT12A1 and WT1P

Stabilizer WT12A1 and WT1P
Pseudo Governor Model for Tvpe 1 and Tvoe 2 Wind Turbines

States
1-P
2-K,
3-T,

4-P

mech

WTI12A1 supported by PSSE with KIZTi
1

WT1P supported by PSLF



Stabilizer WT3P and WT3P1

Stabilizer WT3P and WT3P1
Pitch Control Model for Tvpe 3 Wind Generator

Pitch

ref

PORD 4 P
%

States
1 - Pitch
2 - PitchControl
3 - PitchComp
WT3P supported by PSLF
T,=T,,, Theta,,,,=PI,,., Theta,, =PI, , and RTheta,,,, = Pl;,1¢
WT3P1 supported by PSSE with no non-windup limits on pitch control
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