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EXCITER Simple with Limits

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER AC1

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER AC1A

Parameters
Equivalent model in CIM/CGMES:
- ExclEEEAC21A

EXCITER AC1A CIM/ICGMES

Parameters
Equivalent model in CIM/CGMES:
- EXAC1A
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EXCITER AC3A

Parameters

Equivalent model in CIM/CGMES:

- ExcCIEEEAC3A

EXCITER AC4A

Parameters

Equivalent model in CIM/CGMES:

- ExCIEEEAC4A

EXCITER AC5A

Parameters

Equivalent model in CIM/CGMES:

- ExcClIEEEAC5A

EXCITER ACG6A

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEAC6A

EXCITER ACY/B

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEAC7B
EXCITER - AC8B
EXCITER - AC8B 2005

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEAC8B

EXCITER - BBC1

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model
EXCITER - BBC1 Simple
EXCITER - BBSEX1

Parameters

Equivalent model in CIM/CGMES:

- ExcBBC
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EXCITER - BUDCZT

Parameters

Equivalent model in CIM/CGMES:

- ExcCZ

EXCITER - CELIN

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES Model

EXCITER - DC1A

Parameters

Equivalent model in CIM/CGMES:

- ExcDCaA

EXCITER - DC1A 2005

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEDC2A
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Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - DC2A 2005

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEDC2A

EXCITER - DC3A

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER — DC3A 2005

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEDC3A

EXCITER - DC4B

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEDC4B
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EXCITER - EXAC1A

Parameters

Equivalent model in CIM/CGMES:

- ExcACaA

EXCITER - EXAC2

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER — EXAC2A

Parameters

Equivalent model in CIM/CGMES:

- ExcAC2A

EXCITER — EXAC3

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER — EXAC3A

Parameters
Equivalent model in CIM/CGMES:
- ExcAC3A

EXCITER - EXAC4

Parameters
Equivalent model in CIM/CGMES:
- ExcAC4A

EXCITER — EXAC5A

Parameters

Equivalent model in CIM/CGMES:

- ExcAC5A

EXCITER — EXCACG6A

Parameters
Equivalent model in CIM/CGMES:
- ExcAC6A

EXCITER — EXAC8B

Parameters
Equivalent model in CIM/CGMES:
- ExcAC8B
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EXCITER - EXBAS

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER — EXCANS

Parameters
Equivalent model in CIM/CGMES:
- ExcANS

EXCITER — EXCAVR1

Parameters
Equivalent model in CIM/CGMES:
- ExcAVRa1

EXCITER — EXCAVR2

Parameters
Equivalent model in CIM/CGMES:
- ExcAVR2

EXCITER — EXCAVR3

Parameters
Equivalent model in CIM/CGMES:
- ExcAVR3

EXCITER — EXCAVR4

Parameters
Equivalent model in CIM/CGMES:
- EXCAVR4

EXCITER — EXCAVR5

Parameters
Equivalent model in CIM/CGMES:
- ExcAVRg

EXCITER — EXCAVRY7

Parameters
Equivalent model in CIM/CGMES:
- ExcAVR7

EXCITER - ExcELIN2

Parameters
Equivalent model in CIM/CGMES:
- ExcELIN2
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EXCITER - EXCHU

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER — EXCOEX3T

Parameters
Equivalent model in CIM/CGMES:
- ExcOEX3T

EXCITER - EXCSK

Parameters
Equivalent model in CIM/CGMES:
- ExcSK

EXCITER - EXCST1A

Parameters
Equivalent model in CIM/CGMES:
- ExcST1A

EXCITER - EXELI

Parameters
Equivalent model in CIM/CGMES:
- ExcELIN2

EXCITER - EXPIC1

Parameters
Equivalent model in CIM/CGMES:
- ExcPIC

EXCITER - EXST2A

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - FREADC

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - IEEET1

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - IEEET2

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - IEEET3

Parameters

Equivalent model in CIM/CGMES:

- ExcDC3Aa

EXCITER - IEEET4

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - IEEETS5

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - IEEEX1

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - IEEEX2

Parameters
Equivalent model in CIM/CGMES:
- ExcDC2A

EXCITER - IEEEXS

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER - IEEEX4

Parameters
Equivalent model in CIM/CGMES:

- ExcDC3A (only valid with kr = 0 in CIM/CGMES)

EXCITER - IEET1A

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - IEET1B

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - IEET5A

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER — IEEX2A

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES Model

EXCITER - PSAT Typel

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER — PSAT Type2

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - REXSYS

Parameters
Equivalent model in CIM/CGMES:
- EXCREXS

EXCITER - SCRX

Parameters
Equivalent model in CIM/CGMES:
- ExcSCRX

EXCITER - SEXS

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER = SEXS 2005

Parameters
Equivalent model in CIM/CGMES:
- ExcSEXS
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EXCITER - ST1A

Parameters

Equivalent model in CIM/CGMES:

- EXCIEEEST2A

EXCITER - ST2A

Parameters

Equivalent model in CIM/CGMES:

ExclEEEST2A

EXCITER - ST2A 2005

Parameters

Equivalent model in CIM/CGMES:

- ExcST2A

EXCITER - ST3A

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEST3A

EXCITER - ST3

Parameters

Equivalent model in CIM/CGMES:

- ExcST3A

EXCITER - ST4B

Parameters

Equivalent model in CIM/CGMES:

- ExclEEEST4B

EXCITER - ST4B 2005

Parameters

Equivalent model in CIM/CGMES:

- ExcST4B

EXCITER - ST5B

Parameters

Equivalent model in CIM/CGMES:

- ExcClEEEST5B

EXCITER - ST6B

Parameters

Equivalent model in CIM/CGMES:

- ExcST6B
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EXCITER - ST6B CIM/CGMES

Parameters
Equivalent model in CIM/CGMES:
- EXCIEEEST6B

EXCITER - ST7B

Parameters
Equivalent model in CIM/CGMES:
- ExclEEEST7B

EXCITER - URSTST

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - TYPE 1

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - TYPE 12

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - TYPE 15

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - TYPE 4

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - Type ST2

Parameters
Equivalent model in CIM/CGMES:
- No CIM/CGMES model

EXCITER - Type ST3 (SCRX MODIFIED)

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER- Type W

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WA

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WB

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WC

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WD

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WE

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WF

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WFA

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WG

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model
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EXCITER- Type WH

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WHA

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WI

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WJ

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WK

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WKA

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WP

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model

EXCITER- Type WQ

Parameters

Equivalent model in CIM/CGMES:

- No CIM/CGMES model
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EXCITER MODELS

General

The excitation system model provides the field voltage (Efd) for a synchronous machine
model. It is linked to a specific generator (synchronous machine). The data parameters are
different for each excitation system model; the same parameter name may have different
meaning in different models.

ENTSO-E, an association of the European electricity transmission system operators, selected
the Common Information Model (CIM) standards of the International Electrotechnical
Commission (IEC) as a basis for its own CIM standards. These standards aim at ensuring the
reliability of grid models and market information exchanges.

In 2013, ENTSO-E adopted a new standard for grid models exchange called the Common Grid
Model Exchange Standard (CGMES). The CGMES is a superset of the IEC CIM standards
(belonging to IEC CIM16). It was developed to meet necessary requirements for the
transmission system operators, which exchange data in the areas of system operations,
network planning and integrated electricity markets.

All the CIM/CGMES regulators models are included in NEPLAN Power System Analysis Tools.

Per Unit (p.u.) System:

One p.u. field current is the current required to produce rated voltage on the air-gap line of the
open-circuit synchronous machine. Other machine p.u. values are based on the machine
ratings.
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Excitation system Diagram

VOEL | Overexcitation
Limiter
VUEL | Underexcitation <
Limiter
VPSS | Power System
Stabilizer
VC Voltage VT
Compensator
EFD
— Excitation Sychronous
——» System IFD Machine
<7
R
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Input Signals to the Excitation System:

VT Bus voltage, positive sequence, p.u.

IT Stator output current, positive sequence, p.u.
IFD Field current, positive sequence, p.u.

VPSS Output signal from the power system stabilizers.
VUEL Output signal from the Under Excitation Limiter.
VOEL Output from Field Current Limiter

VOEL Output from Stator Current Limiter

Ouput Signals to the Excitation System:

EFD Field voltage (p.u.)

Voltage Compensator

When defining the real and imaginary parts of the bus voltage U and the stator output current |
as:

VT = VD +jVQ
1=1D +jIQ

the controlled voltage VC can be derived by the voltage transducer as:

VC =/(VD-ID-RC +1Q- XC)? +(UQ-1Q-RC — ID- XC)’

XC Reactive compensation degree. A negative value means a droop is created in
the bus voltage, proportional to the reactive current output at an over-excited
machine. Analogously, a positive value means a voltage rise. Reactive current
at an under-excited machine gives opposite signs.

Parameter Range: 0 < |XC| < 1.0

RC Active compensation degree. Analogously defined.
Parameter Range: 0 < |RC| < 1.0
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Saturation in exciter controller
Saturation is represented like a quadratic function:

For 7] <0 SE(U)=0
B(U-4)%
Else SE(U) = —
Where:
— JE1-+E2'FK
A= W'IE']. -E2 - %
E2—+E1-K
B = sp2. WEZVETE)
(E1-EZ)2
with K =222
LE2

Saturation values:

SEpax = Saturation SE at Uypyg.

SE,-5 = Saturation SE at 0.75-U

NEPLAN

Smarter Tools

Exciter
voltage
U, pu.

air—gap line

Se=(AB) - 1

I Field current or
field ampere-tumns
(the unit of I, is
arbitrary)
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Rectifier Regulation Characteristic according to FMOD

For the following systems, there are two modes for the function FEX = f(IN) :

TYPE ST2, ST3, WC, WF, WFA, WH, WHA.

If the Rectifier Regulation Characteristic according to FMOD=0.

IFIN <10 FEX= FOA

fFI0<IN<11 |FEX= FIA-F1B - IN
f11<IN<I2 | FEX=—F2A - (IN+F2B J'+F2C
IfI2<IN<I13 |FEX= F3A-F3B - IN

IfIN > 13 FEX= F4A

If the Rectifier Regulation Characteristic according to FMOD=1.

IfIN<10 FEX= FOA

IfIO<IN<I1 |FEX=F1A-F1B - IN
If11<IN<I2 |FEX = +/F24 —F2B-IN?
IfI2<IN<I3 |FEX=F3A-(F3B-IN)

If IN> 13 FEX= F4A

Default values for Rectifier Regulation Characteristic

FMOD=0 FMOD=1
10 =0 =
11 =0.51 =0.433
12 =0.715 =0.75
13 =1.0 =1.0
FOA = =
F1A = =
F1B =0.58 =0.577
F2A = 0.865 =0.75
F2B = 0.00826 =1.0
F2C =0.9233 not applicable
F3A =1.68 =1.732
F3B =1.714 =1.
F4A =0 =0
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Inputs <<enumeration>> of EXCITERS, STEREOTYPE <<enum>>

Type of connection for the UEL input used in EXCIEEEST1A

0

Ignore UEL signal

<<enum>>
ignoreUELsignal

UEL input added to error signal

<<enum>> inputAddedToErrorSignal

UEL input HV gate with error si gnal

<<enum>> inputHVgateErrorSignal

UEL input HV gate with voltage
regulator output

<<enum>> inputHVgateVoltageOutput

Type of rate feedback signals used in REXSYS

used

0 The exciter field current is used <<enum=>>
fieldCurrent
1 The voltage regulator output voltage | <<enum>> filedVoltage
is used. It is the same as exciter field
voltage
2 The output voltage of the exciter is <<enum>> outputVoltage

Type of connection for the OEL input used for static excitation systems type 6B

0 No OEL input is used <<enum>> noOELinput
1 The connection is before UEL <<enum>> beforeUEL
2 The connection is after UEL <<enum>> afterUEL

Type of connection for the OEL input used for static excitation systems type 7B

of the LV gate

0 No OEL input is used <<enum>> noOELinput

1 The signal is added to Vref <<enum>> addVref

2 The signal is connected in the input | <<enum>> inputLVgate
of the LV gate

3 The signal is connected in the output | <<enum>> outputLVgate

Type of connection for the UEL input used for static excit

ation systems type 7B

of the HV gate

0 No UEL input is used <<enum>> noUELinput

1 The signal is added to Vref <<enum>> addVref

2 The signal is connected in the input | <<enum>> inputHVgate
of the HV gate

3 The signal is connected in the output | <<enum>> outputHVgate
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EXCITER Simple

Simple AVR
VPSS
+
vVC 1 VF - Verr | 1+sTC | xtgr KA EFD
—» » —
1+ sTR 1+sTB 1+s.TA
+
VREF
Parameters
NAME Type Description
TR Seconds Filter time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds Maximum voltage regulator output
Notes

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER Simple with Limits
Simple AVR with EFD limit

VPSS
EFDMAX
vVC VF - Verr | 1+sTC | xtgr KA EFD
—» » —
1+ sTR 1+sTB 1+s.TA
EFDMIN

VREF

Parameters
NAME Type Description

TR Seconds Filter time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds Maximum voltage regulator output
EFDMAX pu Minimum voltage regulator output
[EFDMIN pu Minimum voltage regulator output
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER AC1
IEEE Type AC1 Excitation System model 1981

NEPLAN

Smarter Tools

VREF VS8
V}MAX
Ve 1 e I [1ste| [ka |WR T] VE EFD
—* TR 2™ Tste [ | Teta] A2 STE \’f‘/ -
4 - _/ 8- —O’ | FEX
VF VRMIN FEX=f(IN)
1IN
KC-IFD
KE+SE IN= o
sKF N
14sTF vF =
t IFD
KD
Parameters
NAME Type Description

TR Seconds Filter time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds Maximum voltage regulator output
VRMAX pu Minimum voltage regulator output
VRMIN pu Minimum voltage regulator output
TE Seconds Exciter time constant, integration rate associated with exciter

control
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
KC pu Rectifier loading factor proportional to commutating reactance
KD pu Demagnetizing factor, a function of exciter alternator

reactances
KE pu Exciter constant related to self-excited field
El pu Exciter alternator output voltages back of commutating

reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter

voltage, E1, back of commutating reactance
E2 pu Exciter alternator output voltages back of commutating

reactance at which saturation is defined
SE2 pu Exciter saturation function value at the corresponding exciter

voltage, E2, back of commutating reactance
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Parameters Range:

NEPLAN

Smarter Tools

0<TR <0.49 0.02<TE<?2
0<TB <19.99 0<KF=<0.3
0<TC<19.99 0.02<TF<1.5
0 < KA <999.99 0<KC=s1
0<TA<9.99 0<KD=s1

0 < VAMAX < 15 O<KE=<1
0<E1 0<SE(El)<1
-15 < VRMIN < -0.01 El<E2

0 < VRMAX < 15.0
SE(E1) < SE (E2)

Notes

The Rectifier Regulation Characteristic F(IN):

IfIN <0. FEX=1

IfIN <0.433 FEX=1-0.577IN

IN e FEX
> If0433<IN<075  FEX=V0.75-IN?

IfIN >0.75 FEX = 1.732 (1-IN)
IfFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER AC1A
IEEE Type AC1A Excitation System
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1+ T [ W3

2

YUEL
VAMAX
il H

Ly EFD

1+ =TH

T +aTA

¥
GATE

GATE

N

KEL

=HF

IFD

1+ 5TF

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA pu \Voltage regulator gain

TA Seconds Maximum voltage regulator output

VAMAX pu Minimum voltage regulator output

VAMIN pu Minimum voltage regulator output

TE Seconds Exciter time constant, integration rate associated with exciter
control

KF pu Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

VRMAX pu Maximum voltage regulator outputs

VRMIN pu Minimum voltage regulator outputs
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Parameters Range:

0<TR<0.5
0<TB<20
0<TC<20

0 < KA <1000
0<TA<10.0

0 < VAMAX £ 15
-15<VAMIN <O

- 10 VRMIN <O
0 <VRMAX =10.0

Notes

0.02<TE<?2
0<KF=<0.3
0.02<TF<1.5
0<KC=s1
0<KD=s1
O<KE=<1
0<E1l
0<SE(El)<1
El1<E2
SE(E1) < SE (E2)

The Rectifier Regulation Characteristic F(IN):

IfIN <0. FEX =1
IfIN <0.433 FEX = 1-0.577-IN
IN s FEX
> 1f0.433<IN<0.75 FEX=V075-IN? —»
IfIN >0.75 FEX = 1.732 (1-IN)
IfFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXCIEEEAC1A

NEPLAN
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EXCITER AC1A CIM/CGMES
IEEE Type AC1A Excitation System

W
VPSS .4
WUEL ke
WA
s —-;g PR P T e [ e e D
i - -~
. ;F WANIN ’:;EL \E,-E 0
FEX=TIN)
T IN
KCAFD
vE
VF SHF E g Z = w7 E IFD
1 +5TF .—| m l\ -
)
Parameters
NAME Type Description
TR Seconds Filter time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds Maximum voltage regulator output
VAMAX pu Minimum voltage regulator output
VAMIN pu Minimum voltage regulator output
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
KC pu Rectifier loading factor proportional to commutating reactance
KD pu Demagnetizing factor, a function of exciter alternator
reactances
KE pu Exciter constant related to self-excited field
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
VRMAX pu Maximum voltage regulator outputs
VRMIN pu Minimum voltage regulator outputs
KF1 pu Coefficient to allow different usage of the model. Typical Value
=0
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KF2 pu

=1

Coefficient to allow different usage of the model. Typical Value

HVLVGATES |Boolean

Indicates if both HV gate and LV gate are active (HVLVgates).
true = gates are used
false = gates are not used.Typical Value = true.

Parameters Range:
0<TR<0.5
0<TB<20
0<TC<20

0 <KA <1000
0<TA<10.0

0 < VAMAX £15
-15<VAMIN <O
-10=sVRMIN <O

0 <VRMAX =10.0

Notes

0.02<TE<?2
0<KF=0.3
0.02<TF<15
0<KC=1
0<KD<=1
O<KE=<1
0<E1
0<SE(El)<1
El<E2
SE(E1) < SE (E2)

The Rectifier Regulation Characteristic F(IN):

IfIN <0O.

IfIN <0.433
—* If0.433<IN<0.75

IfIN >0.75

IfIN >1

FEX =1
FEX=1-0577-IN
FEX =V0.75 - IN?
FEX = 1.732 (1-IN)

FEX=0

Saturation:

FEX

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:

- EXAC1A
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EXCITER AC2A
IEEE Type AC2A Excitation System

WF EbdeH - KO4 FD
SECVE

IFO

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA pu \Voltage regulator gain

TA Seconds Maximum voltage regulator output

VAMAX pu Minimum voltage regulator output

VAMIN pu Minimum voltage regulator output

KB pu Second stage regulator gain

VRMAX pu Maximum voltage regulator outputs

VRMIN pu Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

VFEMAX pu Exciter field current limit reference

KH pu Exciter field current feedback gain

KF pu Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
\voltage, E2, back of commutating reactance
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Parameters Range:

0<TR<0.5
0<TB<20
0<TC<20

0 < KA <1000
0<TA<10.0

0 < VAMAX <10
-10<sVAMIN <O
-500 < VRMIN < 0
0 < VRMAX < 500
0 < KB <500
O0<KH=1.1

Notes

0.02<TE<?2
0<KF=<0.3
0.02<TF<1.5
0<KC=s1
0<KD=s1
O<KE=<1
0<E1l
0<SE(El)<1
El1<E2
SE(E1) < SE (E2)
-5 <VFEMAX < 20

The Rectifier Regulation Characteristic F(IN):

IFIN <0. FEX =1
IFIN <0.433 FEX=1-0577.IN
N foass<iN<075  FEX=V075-IN?
IfFIN >0.75 FEX = 1.732 (1-IN)
IFIN > 1 FEX =0
Saturation:

FEX

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXCIEEEAC2A

NEPLAN
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EXCITER AC3A
IEEE Type AC3A Excitation System
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s
L
VEBMLAK - KDMFD
KE + SE(VE)
6 1 vE fﬁ—\ EFD_
=TE
[
FEX

s KE,
1+=TF

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA pu \Voltage regulator gain

TA Seconds Maximum voltage regulator output

VAMAX pu Minimum voltage regulator output

VAMIN pu Minimum voltage regulator output

TE Seconds Exciter time constant, integration rate associated with exciter
control

VFEMIN pu Minimum exciter voltage output

KR pu Constant associated with regulator and alternator field power
supply

KF pu Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KN pu Excitation control system stabilizer gain

[EFDN pu \Value of EFD at which feedback gain changes

ke pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Parameters Range:

0<TR<0.5
0<TB<20
0<TC<20

0 < KA <1000
0<TA<10.0

0 < VAMAX <10
-10<sVAMIN <O
- 10 VRMIN <O
0 <VRMAX =10
0sKR <75
0<KN<0.3

Notes

0.02<TE<4
0<KF=<0.3
0.02<TF<1.5
0<sKC=1
0<KD<=<1
O<KE=<1
O<El
0<SE(E1)<1
El1<E2
SE(E1) < SE (E2)
-5 <VFEMAX £ 20

The Rectifier Regulation Characteristic F(IN):

FEX

IfFIN <0. FEX =1
IfIN <0.433 FEX=1-0577-IN
N foass<iN<075  FEX=Vo7BNE %
IFIN >0.75 FEX = 1732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter.

Equivalent model in CIM/ICGMES:

- EXCIEEEACS3A

NEPLAN
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EXCITER AC4A
IEEE Type AC4A Excitation System

VPSS
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VIUEL
VIMAX L VAMAX - KC/IC
Ve 1 VI | 1+sTC | V3 Hy K EFD
1+ s TR 1+5TB GATE [ ' TesTA ’
VIMIN YAM IN
VREF
Parameters
NAME Type Description
TR Seconds Filter time constant
VIMAX pu Maximum voltage regulator input limit
VIMIN pu Minimum voltage regulator input limit
TC Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
KC pu Rectifier loading factor proportional to commutating reactance

Parameters Range:

0<TR<O0.1

0<VIMAX 0.2
-0.2<VIMIN=O

0<TC<10.0
0.04<TB<20

Notes

50 < KA <1000
0<TA<O0.5
5<KAxTC/TB<15
3<VAMAX <8
-8<VAMIN =- 3

Equivalent model in CIM/CGMES:
- EXCIEEEACA4A
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EXCITER AC5A
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IEEE Type AC5A Excitation System

WG 1 W32

VRMAX

KA EFD

1+ s TR

o1 +sTA

VR MIN

s-KF (1 +57TF3)

VS = VPSS+VUEL+VOEL

(1+sTR( +sTF2) |

Parameters
NAME Type Description

TR Seconds Filter time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

KE pu Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KF pu Excitation control system stabilizer gains

TF1 Seconds Excitation control system stabilizer time constant

TF2 Seconds Excitation control system stabilizer time constant

TF3 Seconds Excitation control system stabilizer time constant

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Parameters Range:
0<TR<05

10 < KA <500
0<TA<1.0

0.5 < VRMAX <10.0
-10<VRMIN <O
0.04<TE<1.0

El1<E2
0<SE(E1)<1.0
SE(E1) < SE(E2)
5,0 TF/KF < 15.0
0<KF<0.3
0.04<TF1<15
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-1.0<KE=<1.0 0<TF2
0<E1 0<TF3
Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- EXcClEEEACS5A

NEPLAN
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EXCITER AC6A
IEEE Type ACQSA Excitation System

1+ =TR
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VS = VPSS+VOEL+VUEL
Parameters
NAME Type Description

TR Seconds Filter time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

TK Seconds \Voltage regulator time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

VAMAX pu Maximum voltage regulator output

VAMIN pu Minimum voltage regulator output

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

TE Seconds Exciter time constant, integration rate associated with exciter
control

VFELIM pu Exciter field current limit reference

KH pu Exciter field current limiter gain

VHMAX pu Maximum field current limiter signal reference

TH Seconds Exciter field current limiter time constant

TJ Seconds Exciter field current limiter time constant

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Parameters Range:

0<TR<0.5
0<TB<20
0<TC<20

0 < KA <1000
0<TA<10.0

0 < VAMAX <10
-10<sVAMIN <O
-100 < VRMIN <0
0 <VRMAX <100
0<TK<10

0 <VFELIM =< 20
0 <KH =100

0 < VHMAX < 100

Notes

0.02<TE<?2
0<KF=<0.3
0.02<TF<1.5
0<KC=s1
0<KD<=<2
O0<KE=<2
0<E1l
0<SE(El)<1
El1<E2
SE(E1) < SE (E2)
O0<TH=1
0<TJ=1

The Rectifier Regulation Characteristic F(IN):

IFIN <0. FEX =1
IFIN <0.433 FEX=1-0577.IN
N foass<iN<075  FEX=V075-IN?
IfFIN >0.75 FEX = 1.732 (1-IN)
IFIN > 1 FEX =0
Saturation:

FEX

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXCIEEEACG6A
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EXCITER AC7B
IEEE Type AC7B Excitation System

VREF VPSS
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Sty o e O T
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Bl
Parameters
NAME Type Description

TR Seconds Filter time constant

KPR pu \Voltage regulator proportional gain

IKIR pu Voltage regulator integral gain

KDR pu \Voltage regulator derivative gain

TDR Seconds Lag time constant

VRMIN pu Maximum voltage regulator output

VRMAX pu Minimum voltage regulator output

KPA pu \Voltage regulator proportional gain

KIA pu \Voltage regulator integral gain

VAMIN pu Maximum voltage regulator output

VAMAX pu Minimum voltage regulator output

KP pu Potential circuit gain coefficient

KL pu Exciter field voltage lower limit parameter

TE Seconds Exciter time constant, integration rate associated with exciter
control

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

IKF1 pu Excitation control system stabilizer gain

IKF2 pu Excitation control system stabilizer gain

KF3 pu Excitation control system stabilizer gain

TF3 Seconds Excitation control system stabilizer time constant

VEMIN pu Minimum exciter voltage output

VFEMAX pu Exciter field current limit reference

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
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l voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Notes

The Rectifier Regulation Characteristic F(IN):

IfIN <0. FEX =1
IfIN <0.433 FEX = 1-0.577-IN
IN P FEX
> |f0.433<IN<0.75 FEX=V075-IN2 —»
IfIN >0.75 FEX = 1.732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- EXCIEEEAC7B
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EXCITER - AC8B

For this exciter, please take in consideration the information about the below model ACB8
version 2005.

EXCITER - AC8B 2005
The class represents IEEE Std 421.5-2005 type AC8B model.

vE
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VS = VPSS+VUEL+VOEL
Parameters
NAME Type Description

TR Seconds Filter time constant

KPR pu \Voltage regulator proportional gain

IKIR pu Voltage regulator integral gain

KDR pu \Voltage regulator derivative gain

TDR pu Lag time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

TE Seconds Exciter time constant, integration rate associated with exciter
control

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

KE pu Exciter constant related to self-excited field

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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VFEMAX pu Exciter field current limit reference
VEMIN pu Minimum exciter voltage output
Parameters Range:

0<TR<0.5 -1<VRMIN<1.5
10 < KP <500 O0<TE

10 < Kl <500 -1<KE=<1

10 < KD < 500 0<E1

0<TD<05 0<SE(E1)<1.0
0<KA=<1 El<E2

0<TA<1 SE(E1) < SE(E2)

0 <VRMAX =10

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:

- EXCIEEEACSB
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EXCITER - BBC1

Excitation system with potential source controlled rectifier exciter.
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VPSS
+
- V1 (1+sTH(1+sT2) V2 EFD‘
Ve (1+sT3)(1 +sT4) g
+ UEMIN’
VREF
Parameters
NAME Type Description
SWPS Boolean If the Switch control is false:
UEMAX’ = UEMAX * VT
UEMIN’ = UEMIN * VT
else:
UEMAX’ = UEMAX
UEMIN’ = UEMIN
K PU Gain
T1 Seconds Time constant
T2 Seconds Time constant
T3 Seconds Time constant
T4 Seconds Time constant
UEMAX PU Maximum limit
lUEMIN PU Minimum limit
Notes

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model

EXCITER - BBC1 Simple

This excitation system is such as EXCITER — BBC1 but without potential source controlled
rectifier exciter (SWPS).
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EXCITER - BBSEX1

Brown Boveri Static Exciter

VREF

+

W 1

V3 +® vi [Tz |w T e +_® VB
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EF Dt AT

1+ sTR

V1 ﬁ ;vz 1+s73
'@ “Trem

n

VB 4 Z

EFDMINYT

i [%'1}1 +1S.T2 IFO
Falze True

\L
VS = VPSS + VOEL +VUEL
Parameters

NAME Type Description

SW Boolean Supplementary signal routing switch —selector (see block

diagram)

0 = VS signal will be add to the output signal

1 = VS signal will be add to the error signal

TF PU Filter time constant
T3 Seconds Lead/lag time constant
T4 Seconds Lead/lag time constant
K PU Steady state gain
T1 Seconds Controller time constant
T2 Seconds Controller time constant
VRMIN PU Minimum control element output
VRMAX PU Maximum control element output
EFDMIN PU Minimum open circuit exciter voltage
[EFDMAX PU Maximum open circuit exciter voltage

Parameters Range:
0<TF<0.5

10 <K <500

0.02 <T1 <10

0.02 <T2 <10
0<T3

Notes

0<T4
T4=0andT3<0
0.5<VRMAX <10
-10<VRMIN <0
05<KxT2/T1<25

Equivalent model in CIM/ICGMES:

- ExcBBC
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EXCITER - BUDCZT

Czech Proportion/integral Exciter.

VREF EFDMAX
URhdax 'If_
ViTw w2 v3 /w4 V5
WiC 1 . Kp HA KE EFD
—_— 2 *
1= sTR N N T4sTh 1+5TE
LIRMIN /
URMAX
Vs ' EFDMIN
1
1 osTi
URMIN VS = VPSS + VUEL +VOEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KP PU Regulator proportional gain
KE PU Exciter constant related to self-excited field
Tl Seconds Regulator integral time constant
KA PU Regulator gain
TA Seconds Regulator time constant
TE Seconds Exciter time constant, integration rate associated with exciter
control
URMIN PU \Voltage regulator minimum limit
lURMAX PU Voltage regulator maximum limit
[EFDMIN PU Exciter output minimum limit
[EFDMAX PU Exciter output maximum limit
Notes

Equivalent model in CIM/ICGMES:
- ExcCz

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 99119 71

42



NEPLAN

Smarter Tools

EXCITER - CELIN

Detailed Excitation System Model - ELIN (VATECH). This model represents an all-static
excitation system. A Pl voltage controller establishes a desired field current set point for a
proportional current controller. The integrator of the Pl controller has a follow-up input to match

its signal to the present field current

WT 1 Vad
14 sTr
w1 w2 W3 W4 —
P | 1 Ta T4 5T5 .
M T 1712 1+ssm ™ 148514 > T s [
Powar System Stabilizar
0<=PP5g==2;
(8] = APSE [VE (1-PPSE) + VT (1-FPSS-1))]
Fia)= :_;'Jss.,] :F,-.:z-Ppss] + T (1| PPS5-3])]
Voltage Regulator o
ez Exciter Figld Cument Thiyristor
% bl V26 Regulator Ccnverlle‘.ll i
_|_||.1r'|n'*h 5- Uz?‘;‘i::‘%” - - - Va3
EFNAX2 - _/ : 1+ sTH|
1 I a4 AmFDT it Brushlass
ST ;a;ca.-'r:lr-‘-em Curmend Mndmum Limfsr o Exciter
0. 1 Ca +
T osTRA | IEF KEZ
IMAXREF
IEF1
Excitar Flakd Somant Max o Lmdtar
=3I55 KIEC
Parameters
NAME Type Description

TR1 Seconds Filter time constant
TR2 Seconds Time constant
TR3 Seconds Time constant
TR4 Seconds Time constant
T1 Seconds Time constant
T2 Seconds Time constant
T3 Seconds Time constant
T4 Seconds Time constant
T5 Seconds Time constant
T6 Seconds Time constant
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lALPHA PU Gain

BETA PU Gain

TE2 Seconds Time Constant

NLFEFD PU Gain

IKE2 PU Gain

k12 PU Gain

k2 PU Gain

PPSS PU Coeficient

APSS PU Coeficient

PSSLIM PU PSS limiter

1 PU \Voltage regulator input gain

IKIEC PU \Voltage regulator input limit

KD1 PU \Voltage controller derivative gain

TB1 Seconds \Voltage controller derivative washout time constant

T11 PU Controller follow up dead band

LIMPID1 PU Controller follow up gain

k22 PU Gain

lUMAX PU Limiter

lUMIN PU Limiter

KETB PU Gain

TE Seconds Time constant

XP PU Excitation transformer effective reactance

IEFMAX2 PU Limiter

lEEMIN PU Limiter

IEFMAX1 PU Minimum open circuit excitation voltage

T13 Seconds Time constant

T14 Seconds Time constant

K3 PU Gain

k4 PU Gain

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
\voltage, E2, back of commutating reactance

Notes

Equivalent model in CIM/ICGMES:

- No CIM/CGMES Model
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EXCITER - DC1A
IEEE Type DC1A Excitation System

VC 1 V1o

1+ 5 TR " Z 1+sTB
+ A

VS
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VUEL VRMAX EFDMAY
V2| 1+sTC |3 Hy KA VR . m W4 1 / FEFD
GATE [ "] T+ 1A > iy @ J

VF

VR IN EFDMIN

¥
VFE

s KF

VS = VPSS+VOEL

1+sTF

Parameters
NAME Type Description

TR Seconds Filter time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

KE pu Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KF pu Excitation control system stabilizer gain

TF Seconds Excitation control system stabilizer time constant

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter

voltage, E2, back of commutating reactance

Parameters Range:

0<TR<O05
10 < KA <500
0<TA<1

0.5 <VRMAX <10

-10<VRMIN <O

-1<KE=<1
0.04<TE<1
0<KF<0.3
0.04<TF<1.5
5<TF/KF <15
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Notes

1) If VRMAX is zero, the model will compute a new value of it.
- If KE is zero or negative, VRMAX will just allow the exciter to reach an
output voltage of E2 i.e.: VRMAX = SE(E2 ) x E2
- If KE is positive, VRMAX will just allow the exciter to reach an output
voltage of E2 with the specified value of KE,
i.e.. VRMAX = (SE (E2 ) + KE ) x E2 In either case above, VRMIN is then
set to -VRMAX.

2) If KE is zero, the model will set a new value of KE.
KE is set to the value that will require a voltage regulator output of
(VRMAX /10) to maintain the present value of excitation voltage, UF, i.e.: KE =
VRMAX/(10*EFD) — SE(EFD)

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- ExcDC1A
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EXCITER - DC1A 2005
IEEE Type DC1A Excitation System, version 2005
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EL;IEL VRMA X
WG 1 1+5TC |V 7 Hy KA, EFD N
1+ 5 TR 1 +35TB GATE 1+ STA
WRMIN
WHEF
WE SekF
1+3TF
Parameters
NAME Type Description
TR Seconds Filter time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
KE pu Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF pu Excitation control system stabilizer gain
TF Seconds Excitation control system stabilizer time constant
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
UELIN Boolean UEL input
1 = VUEL input added to HV Gate.
2 = VUEL input added to error signal.
EXCLIM Boolean IEEE standard is ambiguous about lower limit on exciter
output.
0 = no lower limit to the exciter output
Else = Aplly the lower limit of 0.0 to the exciter output
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Notes
Same remarks as the DC1A model

Equivalent model in CIM/ICGMES:
- ExXClEEEDC1A
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EXCITER - DC2A
IEEE Type DC2A Excitation System

WG 1
1+ 5TR

WREF
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1+sTC

WIUEL YT VR MAX
W3 KA 1 EFD

HY

1 +3TB

¥

GATE 1+ STA

WE

WT-WRMIN

k

W =EFD-SE(EFD)

W5
KE 1

wkF

VS = VPSS+VOEL

1+35TF

Parameters
NAME Type Description

TR Seconds Filter time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

KE pu Exciter time constant, integration rate associated with exciter
control

TE Seconds Excitation control system stabilizer gain

KF pu Excitation control system stabilizer gain

TF Seconds Excitation control system stabilizer time constant

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter

voltage, E2, back of commutating reactance

Parameters Range:

0<TR<0.5
10 < KA <500
0<TA<1.0
0<TB
0<TC

0<KF<0.3
0.04<TE< 2.0
-1.0=sKE=<1.0
O<El

El<E2
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0.5 < VRMAX < 10.0 0<SE(E1)<1.0
-10<VRMIN <O . SE(E1) < SE(E2)
5.0 TF/KF <£15.0

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - DC2A 2005
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IEEE Type DC2A Excitation System, version 2005

ELiEL VTVRMAX
W 1 1T+s5TC | w3 oHy L, kA A 1 EFD N
1+3TR 1 +5TB GATE T+ 5:TA < TE
YTVRMIN 0.0
WREF
Y =EFD"S E(EFD)
Wa VE
WF S kF R
1+5TF
Parameters
NAME Type Description
TR Seconds Filter time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
KE Pu Exciter time constant, integration rate associated with exciter
control
TE Seconds Excitation control system stabilizer gain
KF pu Excitation control system stabilizer gain
TF Seconds Excitation control system stabilizer time constant
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
UELIN Boolean UEL input
1 = VUEL input added to HV Gate.
2 = VUEL input added to error signal.
EXCLIM Boolean IEEE standard is ambiguous about lower limit on exciter
output.
0 = no lower limit to the exciter output
Else = Aplly the lower limit of 0.0 to the exciter output
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Notes
Same remarks as the DC2A model

Equivalent model in CIM/CGMES:
- ExClEEEDC2A
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IEEE Type DC3A Excitation System

YREF

WRMAX

1 W1 YERR W2 VRMAK -VRMIMN [VREH
o e | A2 e | R e
oy ifWERR = -k¥, VR =VRMIN
WRMIN ’—'
Parameters
NAME Type Description

KE pu Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KV pu Fast raise/lower contact setting

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

TRH Seconds Rheostat travel time

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - DC3A 2005
IEEE Type DC3A Excitation System, version 2005

YREF

WRMAX

1 W1 YERR W2 VRMAK -VRMIMN [VREH
o e | A2 e | R e
oy ifWERR = -k¥, VR =VRMIN
WRMIN ’—'
Parameters
NAME Type Description

KE pu Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KV pu Fast raise/lower contact setting

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

TRH Seconds Rheostat travel time

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

EXCLIM Boolean IEEE standard is ambiguous about lower limit on exciter output
0 = no lower limit to the exciter output
Else = Aplly the lower limit of 0.0 to the exciter output

Notes

Same remarks as the DC3A model

Equivalent model in CIM/CGMES:
- ExcClEEEDC3A
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EXCITER - DC4B
IEEE Type DC4B Excitation System.

VREF
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Parameters
NAME Type Description

TR Seconds Filter time constant

KP pu Regulator proportional gain

K1 pu Regulator integral gain

KD pu Regulator derivative gain

TD Seconds Regulator derivative filter time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

KE pu Exciter time constant, integration rate associated with exciter
control

TE Seconds Seconds

KF pu Excitation control system stabilizer gain

TF Seconds Seconds

VEMIN pu Minimum exciter voltage output

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

OEL Boolean OEL input,
0 = VOEL input added to LV Gate.
1 = VOEL input added to error signal.

UEL Boolean UEL input,
0 = VUEL input added to HV Gate.
1 = VUEL input added to error signal.
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Notes

Equivalent model in CIM/ICGMES:
- ExclEEEDC4B
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EXCITER - EXAC1A
IEEE Modified Type AC1 Excitation System model.

WREF

Ve 1 vl - 6 vz | 1+sTC
1+3TR )\ T+3TB
iy wl

WPES

+
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VRMAX

WF

Ka (v, m e 1 VE m EFD
1+ 5TA '\l/' STE >
- 0
WRMIN FEx

FEX = (N}

T\N

KC4FD
WE

WFE
IFD

SaKF

1+5TF

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VRMAX PU Maximum voltage regulator outputs

VRMIN PU Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

KF PU Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KC PU Rectifier loading factor proportional to commutating reactance

KD PU Demagnetizing factor, a function of exciter alternator
reactances

KE PU Exciter constant related to self-excited field

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Parameters Range:

0<TR <05
0<TB<20
0<TC<?20

0 < KA <1000
0<TA<10.0

0 < VAMAX £ 15
-15<VAMIN <O
-10sVRMIN <O
0 <VRMAX =10

Notes

NEPLAN
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0.02<TE<2
0<KF=<0.3
0.02<TF<1.5
0<sKC=1
0<KD<=<1
O<KE=1
O<El
0<SE(E1)<1

1) If VRMAX is zero, the model will compute a new value of it. If KE is zero or negative,
VRMAX will just allow the exciter to reach an output voltage of E2 i.e.:
VRMAX = SE(E2 ) x E2. If KE is positive, VRMAX will just allow the exciter to reach an output

voltage of E2 with the specified value of KE, i.e.: VRMAX = (SE (E2 ) + KE ) x E2 In either

case above, VRMIN is then set to -VRMAX.

2) If KE is zero, the model will set a new value of KE. KE is set to the value that will require a
voltage regulator output of (VRMAX / 10) to maintain the present value of excitation voltage,
UF, i.e.: KE = VRMAX / (10*EFD) — SE(EFD).

The Rectifier Regulation Characteristic F(IN):

IfIN <0.

IfIN <0.433

» If0.433<IN<0.75

FEX=1

FEX=1-0.577IN

e FEX
FEX =Y0.75 - IN? >

IfIN >0.75 FEX = 1.732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXcAC1A
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IEEE Modified Type AC2A Excitation System model.

WF s:kF

EFD

VS = VPSS+VUEL+VOEL
Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VAMAX PU Maximum voltage regulator outputs

VAMIN PU Minimum voltage regulator outputs

KB PU Second stage regulator gain

VRMAX PU Maximum voltage regulator outputs

VRMIN PU Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

VFEMAX PU Exciter field current limit reference

KH PU Exciter field current feedback gain

VLR PU Maximum exciter field current

KL PU Exciter field current limiter gain

KF PU Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KC PU Rectifier loading factor proportional to commutating reactance

KD PU Demagnetizing factor, a function of exciter alternator
reactances

KE PU Exciter constant related to self-excited field

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Notes
The Rectifier Regulation Characteristic F(IN):
IfIN <0O. FEX =1
IfIN =0.433 FEX=1-0577-IN
IN — FEX
—* 1f0.433<IN<0.75 FEX=V0.75-IN* ———»
IfIN >0.75 FEX=1.732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - EXAC2A
IEEE Modified Type AC2A Excitation System model.

VPSS

=
&

VUEL VOEL VFEMAX - KD-IFD
VAMAX KE + SE(VE)

-

+
X — — o~

vy ‘ I T sTB T+sTA : GATE GATE 7 \ J /

1+sTR N / +s s . o + P sTE L

TFEX

i KL = ™ " . FEX = f{IN)
T e hi
VF E’i ve | ¢ ':"".;, V8 M I IFD
Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VAMAX PU Maximum voltage regulator outputs

VAMIN PU Minimum voltage regulator outputs

KB PU Second stage regulator gain

VRMAX PU Maximum voltage regulator outputs

VRMIN PU Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

VFEMAX PU Exciter field current limit reference

KH PU Exciter field current feedback gain

VLR PU Maximum exciter field current

KL PU Exciter field current limiter gain

KF PU Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KC PU Rectifier loading factor proportional to commutating reactance

KD PU Demagnetizing factor, a function of exciter alternator
reactances

KE PU Exciter constant related to self-excited field

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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KB1 PU Second stage regulator gain. It is exciter field current controller
gain used as alternative to Kb to represent a variant of the
model

KL1 PU Coefficient to allow different usage of the model

KS PU Coefficient to allow different usage of the model-speed
coefficient

HVGATE Boolena Indicates if HV gate is active

ILVGATE Boolena Indicates if LV gate is active (LVgate)

Notes

The Rectifier Regulation Characteristic F(IN):

FEX

IfFIN <0. FEX =1
IfIN <0.433 FEX=1-0577-IN

N foams<iN<o7s  FEX=Vo75 N %
IFIN >0.75 FEX = 1732 (1-IN)
IFIN > 1 FEX=0

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- EXCAC2A

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 99119 71

62




EXCITER - EXAC3

NEPLAN

Smarter Tools

EFD

WL 1 i - ) yz | 1+eTC |y3
z 1+3T8

GHTE Tr e TA

T+ TR _/::} -

1% = TF

VS = VPSS+VUEL+VOEL

iFil»

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VAMAX PU Maximum voltage regulator outputs

VAMIN PU Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

KR PU Constant associated with regulator and alternator field power
supply

VLV PU Field voltage used in the minimum field voltage limiter loop

KLV PU Gain used in the minimum field voltage limiter loop

KF PU Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KN PU Excitation control system stabilizer gain

[EFDN PU \Value of EFD at which feedback gain changes

||KC PU Rectifier loading factor proportional to commutating reactance

HKD PU Demagnetizing factor, a function of exciter alternator
reactances

IKE PU Exciter constant related to self-excited field

HEl PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
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SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Notes

The Rectifier Regulation Characteristic F(IN):

FEX

IfFIN <0. FEX =1
IfIN <0.433 FEX=1-0577-IN

N, fo4ss<iN<075  FEx=Vo75 NE %
IFIN >0.75 FEX = 1732 (1-IN)
IFIN > 1 FEX=0

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - EXAC3A

IEEE Modified Type AC3A alternator-supplied rectifier excitation system with different field
current limit.

AN

|

WL e W
wE
\Wemaz: - KD-IFD KS
W ~KE+ SEVE)
+
™ ™

5

EF[:

! i

= i+ gTE ww P

-f vz =TC [z Hy ' A }

e e GATE i T+ el )

/q .x S ,-
=

WAMIK

W REF T-FE""

FEE= ik}

WE i Wi

14+5°TR

-

[} Py

14 =TF

VS = VPSS+VUEL+VOEL

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VAMAX PU Maximum voltage regulator outputs

VAMIN PU Minimum voltage regulator outputs

TE Seconds Exciter time constant, integration rate associated with exciter
control

KR PU Constant associated with regulator and alternator field power
supply

VLV PU Field voltage used in the minimum field voltage limiter loop

KLV PU Gain used in the minimum field voltage limiter loop

KF PU Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

KN PU Excitation control system stabilizer gain

[EFDN PU \Value of EFD at which feedback gain changes

||KC PU Rectifier loading factor proportional to commutating reactance

HKD PU Demagnetizing factor, a function of exciter alternator
reactances

IKE PU Exciter constant related to self-excited field
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vLv PU Field voltage used in the minimum field voltage limiter loop

KLV PU Gain used in the minimum field voltage limiter loop

VEMIN PU Minimum exciter voltage output

KF1 PU Coefficient to allow different usage of the model

IKF2 PU Coefficient to allow different usage of the model

KS PU Coefficient to allow different usage of the model-speed
coefficient

VFEMAX PU Exciter field current limit reference

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Notes

The Rectifier Regulation Characteristic F(IN):

IfIN <0O.

IfIN <0.433

* If0.433<IN<0.75

FEX =1
FEX=1-0.577-IN

R — FEX
FEX =Y0.75 - IN? >

IfIN >0.75 FEX=1.732 (1-IN)
IfIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:

- EXCAC3A
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IEEE Modified Type AC4A Excitation System model.

r.r— //
ve |1 VI -/ V2 VI | 14sTC |V3 | KA EFD.
1+s-TR =/ 1+sTB T 1+sTA g
VIMIN VAMIN - KC IC
VVREF
VS = VPSS+VUEL+VOEL
Parameters
NAME Type Description
TR Seconds Filter time constant
VIMAX PU Maximum voltage regulator outputs
VIMIN PU Minimum voltage regulator outputs
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
KA PU \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX PU Maximum voltage regulator outputs
VRMIN PU Minimum voltage regulator outputs
KC PU Limit factor
Notes

Equivalent model in CIM/ICGMES:

- ExXCAC4A
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Modified type AC5A Excitation System

VREF VPSS VRMAX
. [
Ve 5 tyq | 14sTC V2 | KA |WVR + V3 1 EFD
- 1+sTB 1+sTA AA+sTE
- _I J
VRMIN 0
ISE(EFD) + KE |4
VF sKF (1+sTF3)
—
{(1+sTF1) (1+sTF2)
Parameters
NAME Type Description

AA pu Coefficient to allow different usage of the model
KA pu \Voltage regulator gain
IKE Seconds Exciter constant related to self-excited field
KF pu Excitation control system stabilizer gains
SE1 pu Exciter saturation function value at the corresponding exciter

voltage
SE2 pu Exciter saturation function value at the corresponding exciter

voltage
El pu Exciter voltage at which exciter saturation is defined
E2 pu Exciter voltage at which exciter saturation is defined
TA Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
TE Seconds Exciter time constant, integration rate associated with exciter

control
TF1 Seconds Excitation control system stabilizer time constant
TF2 Seconds Excitation control system stabilizer time constant
TF3 Seconds Excitation control system stabilizer time constant
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
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Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXcAC5A
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Modified IEEE ACGBA alternator-supplied rectifier excitation system
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vess  VUEL VAMAX VT VRMAX
+ ; /_
ve KA(1+sTK) 148TC VE EFD
> [ ] UL
_l Fex
VAMIN F(in)
VREF
vio VHMAX 1
In
1+sTH
Py »| KC IFD/VE
F
VFELIM
IFD
Parameters
NAME Type Description
TR seconds Filter time constant
KA pu \Voltage regulator gain
ke pu Rectifier loading factor proportional to commutating reactance
KD pu Demagnetizing factor, a function of exciter alternator
reactances
KE pu Exciter constant related to self-excited field
KH pu Exciter field current limiter gain
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, back of commutating reactance
SE2 pu Exciter saturation function value at the corresponding exciter
\voltage, back of commutating reactance
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
TA Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
TE Seconds Exciter time constant, integration rate associated with exciter
control
TH Seconds Exciter field current limiter time constant
TJ Seconds Exciter field current limiter time constant
TK Seconds \Voltage regulator time constant
VAMAX pu Maximum voltage regulator output
VAMIN pu Minimum voltage regulator output
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\VFELIM pu Exciter field current limit reference

VHMAX pu Maximum field current limiter signal reference
VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- EXcCAC6A
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EXCITER - EXAC8B

IEEE ACS8B alternator-supplied rectifier excitation system with speed input and input limiter.

VREF

VRSS

L/
WG 1 Via ’g
1+ TR =
+

VUEL VIMAX,

t
\ VIMIN

VOEL

If TELIM iz true
tha limiter for the
block {1/sTE) is
represented as
follows

v va
: -
3
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VI
o KPR VFEMAX - KD IFD
VPIDMAX ~ VRMAX KE + SE(VE)
L]
KR |va Vi 1 VE
> - » EF
'@ sTE EFD
+ Fex
SKDR |vs  EIDMIN VRMIN VEMN F(In)
1+ sTOR w12
&
in
VI IKE + SE [( o 4 KCIFD
1 * VE
sTE * [

-

0.0

IFD

Vid KD e >

Parameters
NAME Type Description

INLIM Boolean Input limiter indicator, true = input limiter Vimax and Vimin is
considered, false = input limiter Vimax and Vimin is not
considered

KA pu \Voltage regulator gain

ke pu Rectifier loading factor proportional to commutating reactance

HKD pu Demagnetizing factor, a function of exciter alternator
reactances

IKDR pu Voltage regulator derivative gain

IKE pu Exciter constant related to self-excited field

IKIR pu Voltage regulator integral gain

KPR pu \Voltage regulator proportional gain

PIDLIM Boolean PID limiter indicator, true = input limiter VPIDIMAX and
'VPIDMIN are considered, false = input limiter VPIDIMAX and
VPIDMIN are not considered

SE1 pu Exciter saturation function value at the corresponding exciter
\voltage, back of commutating reactance

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, back of commutating reactance

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

TA Seconds \Voltage regulator time constant

TDR Seconds Lag time constant

TELIM Boolean Selector for the limiter on the block [1/sTe], See diagram (on
the figure) for meaning of true and false

TE Seconds Exciter time constant, integration rate associated with exciter
control

VIMAX pu Input signal maximum
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VIMIN pu Input signal minimum

VEMIN pu Minimum exciter voltage output

VFEMAX pu Exciter field current limit reference

VPIDMAX pu PID maximum controller output

VPIDMIN pu PID minimum controller output

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

VTMULT Boolean Multiply by generator's terminal voltage indicator, true =the
limits Vrmax and Vrmin are multiplied by the generator’'s
terminal voltage to represent a thyristor power stage fed from
the generator terminals, false = limits are not multiplied by
generator's terminal voltage

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:

- ExcAC8B
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Basler Static Voltage Regulator Feeding dc or ac Rotating Exciter

W 1
1+ TR

WREF

Ve
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Kl
L,

RE]

1+aTC WE

RS

()
T

FEX = 111

WF

=KF

W3 IFD

1+5TF1 |,

1+sTF

1 +5.TF2

VS = VPSS + VUEL +VOEL

Parameters
NAME Type Description

TR Seconds Filter time constant

KP pu \Voltage regulator proportional gain

K1 pu Voltage regulator integral gain

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

TB Seconds \Voltage regulator time constant

TC Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator output

VRMIN pu Minimum voltage regulator output

KF Seconds Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

TF1 Seconds Excitation control system stabilizer time constant 2

TF2 Seconds Excitation control system stabilizer time constant 3

KE Seconds Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KC pu Rectifier loading factor proportional to commutating reactance

KD pu Demagnetizing factor, a function of exciter alternator
reactances

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Parameters Range:

0<TR<0.5
O0<KP<5
0<Kl<11

10 < KA £4000
0<TA<10
0<TB<20
0<TC<20

0.5 < VRMAX < 20
—-20<VRMIN <O
0.04<TF<15
0<TF1

Notes

NEPLAN

Smarter Tools

0<TF2

-1 <KE<=<1

0.04<TE<10
5<TF/KF<150r5<TF2/KF £ 15
KC <1

KD<2

0<E1

0<SE(E1)<1.0

El1<E2

SE(E1) < SE(E2)

The Rectifier Regulation Characteristic F(IN):

FEX

IFIN <0. FEX =1
IFIN <0.433 FEX=1-0577.IN

N fosss<in<o7s  FEx=lo7soNE %
IfFIN >0.75 FEX = 1.732 (1-IN)
IFIN > 1 FEX =0

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - EXCANS

Italian excitation system. It represents static field voltage or excitation current feedback
excitation system.

VRMX
r~
VPSS 1
1-KVFIF [
T3 T2 |[¥15 1+sTB
N
VREF 4 Vi ks Y20 BLINT 2 Kz M +¥ g vr?ldlln
s 1 1 vis *
i ]
Ve K¥FIF > KCE

1-BLINT

1-TT1| g + V23
1+ 8T - V21

1-KVFIF

IFTD

Parameters

NAME Type Description
TB Seconds Time constant
T1 Seconds Time constant
T2 Seconds Time constant
T3 Seconds Time constant
K2 pu Gain
k3 pu Gain
KVFIF Integer Rate feedback signal flag

0 = output voltage of the exciter
1 = exciter field current

KRVECC Integer Feedback enabling
0 = Open loop control
1 = Closed loop control

KCE pu Ceiling factor

BLINT Integer Governor Control Flag
0 = lead-lag regulator
1 = proportional integral regulator

IFMN pu Not include in NEPLAN model, not clear in Entsoe-
CIM/CGMES reference manual

IFMX pu Not include in NEPLAN model, not clear in Entsoe-
CIM/CGMES reference manual

VRMN pu Minimum limit

VRMX pu Maximum limit

Notes

Equivalent model in CIM/ICGMES:
- EXCANS
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EXCITER - EXCAVR1

Italian excitation system corresponding to IEEE (1968) Type 1 Model. It represents exciter
dynamo and electromechanical regulator.

) TA
T
KA v3 vnux-m}_vz( 1 EFS
1-TBITA sTE
14sTA
VRMN-KA V2(TB/TA} SE{EFD)
1
V11 . va .
V10 1
1+sTF
Parameters
NAME Type Description
TR Seconds Filter time constant
TE Seconds Time constant
TA Seconds Time constant
TB Seconds Time constant
TF Seconds Feedback time consant
VRMN pu Minimum limit
VRMX pu Maximum limit
KA pu Gain
IKF pu Feedback gain
E1l pu Saturation parameter
SE1 pu Saturation parameter
E2 pu Saturation parameter
SE2 pu Saturation parameter
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- EXCAVR1
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Italian excitation system corresponding to IEEE (1968) Type 2 Model. It represents alternator
and rotating diodes and electromechanic voltage regulators.

) TA
B
KA v3 vnux-m}_vz( 1 EFS
1-TBITA STE
1+sTA
VRMN-KA V2(TB/TA} SE{EFD)
1
Vi1 7 V9 1 KE
1+sTF2
V10 1
1+sTF1
Parameters
NAME Type Description

TR Seconds Filter time constant
TE Seconds Time constant
TB Seconds Time constant
TF1 Seconds Feedback time consant
TF2 Seconds Feedback time consant
VRMN pu Minimum limit
VRMX pu Maximum limit
KA pu Gain
IKF pu Feedback gain
E1l pu Saturation parameter
SE1 pu Saturation parameter
E2 pu Saturation parameter
SE2 pu Saturation parameter
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- EXCAVR2
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EXCITER - EXCAVR3

Italian excitation system. It represents exciter dynamo and electric regulator.

VPSS

T2 va T3
T T4

N
v

NEPLAN
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Ve

VREF + + V1 KA | v2 VRMX-K?_V1(T2;T|)+ VS VRMx-KA’xl(‘rsrTq ve | 1 EFE
1-T2M1 | va * 1-T3IT4 sTE
1+sT2 1+sT4

1 3
1+ sTR VRMN-KA ¥1{T2/T1) VRMN-KA V1(T3/T4) SE(EFD)
X
Parameters
NAME Type Description

TR Seconds Filter time constant

TE Seconds Exciter time constant

T1 Seconds Time constant

T2 Seconds Time constant

T3 Seconds Time constant

T4 Seconds Time constant

VRMN pu Minimum limit

VRMX pu Maximum limit

KA pu Gain

El pu Saturation parameter

SE1 pu Saturation parameter

E2 pu Saturation parameter

SE2 pu Saturation parameter

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:

- EXCAVR3
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Italian excitation system. It represents static exciter and electric voltage regulator.

- 1 K'II'|:1F e
VPSS T2 | T3 s
1 ™ T4 Ve
o
VREF + & V1 KA vz VRMX-K.}_V1(T2.’T1)+ V5 vnux-m’!u‘rarny Y | ke viz EFD
1-T2T1| va * 1-T3/T4 —
] 1+5T2 1+sT4 VEMN IMU1
1+ STR YRMH-KA ¥1{T2/T1) VRMN-KA V1(T3/T4) VC
T KIF L irp
ve 1+sTIF
Parameters
NAME Type Description
TR Seconds Filter time constant
T1 Seconds time constant
T2 Seconds time constant
T3 Seconds time constant
T4 Seconds time constant
TIF Seconds Exciter current feedback time constant
T11F Seconds Exciter current feedback time constant
KA pu Gain
IKE pu Exciter gain
KIF pu Exciter internal reactance
VRMN pu Minimum AVR output
VRMX pu Maximum AVR output
\VFMIN pu Minimum exciter output
VEMAX pu Maximum exciter output
IMU1 Boolean Output voltage dependency selector
0 = selector is not connected
1 = selector is connected
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- EXCAVR4
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EXCITER - EXCAVR5

Manual excitation control with field circuit resistance. This model can be used as a very simple
representation of manual voltage control.

VPSS
+
_ » KA | vet = EFD
ve = > \2) >
1+sTA _
+
V3
VREF REX
T |FD
Parameters
NAME Type Description
KA pu Gain
TA Seconds Time constant
REX pu Effective Output Resistance

Notes

Equivalent model in CIM/ICGMES:
- EXCAVRS5
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EXCITER - EXCAVR7

IVO excitation system.
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VPSS
VMAX1 VMAX3 VMAXS5
r I
Ve 1 N1 X va | A1#STH Vel A3+sTS |vg|  AS+sTS | vs /- EFD
1+sTR A2+4sT2 Ad+sT4 [ 7| A6+sTS _/ -
’ - )
VMIN1 VMIN3 VMINS
VREF
Parameters
NAME Type Description

TR Seconds Filter time constant
T1 Seconds Lead time constant
T2 Seconds Lag time constant
T3 Seconds Lead time constant
T4 Seconds Lag time constant
T5 Seconds Lead time constant
T6 Seconds Lag time constant
VMIN1 pu Lead-lag min. limit
VMAX1 pu Lead-lag max. limit
VMIN3 pu Lead-lag min. limit
VMAX3 pu Lead-lag max. limit
VMINS pu Lead-lag min. limit
VMAXS5 pu Lead-lag max. limit
K1 pu Gain
k3 pu Gain
K5 pu Gain
Al pu Lead coefficient
A2 pu Lag coefficient
A3 pu Lead coefficient
A4 pu Lag coefficient
A5 pu Lead coefficient
AG pu Lag coefficient
Notes

Equivalent model in CIM/CGMES:

- EXCAVR7
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EXCITER - ExcELIN2
Detailed Excitation System Model - ELIN (VATECH).
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This model represents an all-static

excitation system. A Pl voltage controller establishes a desired field current set point for a
proportional current controller. The integrator of the PI controller has a follow-up input to match
its signal to the present field current. Power system stabilizer models used in conjunction with
this excitation system model: PSsELIN2, PssSIEEE2B, Pss2B.

Tind o LIMPIDY
i \
VREF 5! Vs

+ IKIEC 1 +sTS1
- . o -UMPIDT +
+ V1 K1 V2 V3 +

W
VPSS IEFMAXZ .
-ZKIEC 1 v
sT11

Regulator

~5.66 KIEC

VG Exciter Field Current Thyristor

Converter
VT UM

Brushless
Exciter

1/EFDEAS el D

IEF1

Parameters
NAME Type Description

TR4 Seconds Time constant

KE2 pu Gain
TE2 Seconds Time constant

EFDBAS pu Gain
k2 pu Gain
K1 pu Voltage regulator input gain
IK1EC pu \Voltage regulator input limit

KD1 pu \Voltage controller derivative gain
TB1 Seconds \Voltage controller derivative washout time constant
TI1 pu Controller follow up dead band

LIMPID1 pu Controller follow up gain
lumAx pu Limiter
lumIN pu Limiter
K3 pu Gain
TI3 Seconds Time constant
K4 pu Gain
T4 Seconds Time constant
KETB pu Gain
TE Seconds Time constant
XP pu Excitation transformer effective reactance
IEFMAX1 pu Limiter
lIEFMAX2 pu Minimum open circuit excitation voltage
lEFMIN pu Limiter
H pu Exciter alternator output voltages back of commutating
El reactance at which saturation is defined
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Exciter saturation function value at the corresponding exciter

pu
SE1 voltage
pu Exciter alternator output voltages back of commutating
E2 reactance at which saturation is defined
pu Exciter saturation function value at the corresponding exciter
SE2 \voltage
Notes

Equivalent model in CIM/CGMES:

- EXCELINZ2
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EXCITER - EXCHU

Hungarian Excitation System Model.

IMAX
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EMAX

h[ [~
| W 1 Ve
sTE =TI

5* I —l ERAX
ve =t 1+151-r V2 el @ Ve v:f -y vel EI\IN/ @‘-’_}ﬁtz AR V13 ke L,EFD

- ' i _TEMIN

VREF VPSS AE V5 ¢t Al V1D

IF

Parameters

NAME Type Description
TR Seconds Filter time constant
TE Seconds Major loop Pl tag integration time constant
IMIN PU Major loop PI tag output signal lower limit
IMAX PU Major loop PI tag output signal upper limit
AE PU Major loop PI tag gain factor
EMIN PU Field voltage control signal lower limit on AVR base
[EMAX PU Field voltage control signal upper limit on AVR base
Kl PU Current base conversion constant
Al PU Minor loop PI tag gain factor
Tl Seconds Minor loop PI control tag integration time constant
ATR PU IAVR constant
KE PU \Voltage base conversion constant
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - EXCOEX3T
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Modified IEEE Type ST1 Excitation System with semi-continuous and acting terminal voltage

limiter.
VREF VPSS+VUEL+VOEL
VRMAX
VG ' +v2 1+sT2 1+sT6r va| ™14 Jus £ e 1 | vE EFD
T ﬁ 1+sT1 Trets N > 1+5T3 _'_@_’ STE >r\l? >
i Fex
VRMIN _u/ Fi)
v SE “I
N n
+(le _:B 0y ke led—»] ke IFonE
F 3
T KD IFD
vio sKF "
1+5TF
Parameters
NAME Type Description

TR Seconds Filter time constant
TE Seconds Integer time constant
TF Seconds Feedback time constant
T1 Seconds Time constant
T2 Seconds Time constant
T3 Seconds Time constant
T4 Seconds Time constant
T5 Seconds Time constant
T6 Seconds Time constant
VRMIN pu Minimum limit
VRMAX pu Maximum limit
KE pu Saturation gain
KA pu Gain
IKF pu Feedback gain
) pu Field current gain
KC pu Statex gain
SE1 pu Saturation parameter
El pu Saturation parameter
SE2 pu Saturation parameter
E2 pu Saturation parameter
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Notes
The Rectifier Regulation Characteristic F(IN):
IfIN <0. FEX=1
IfFIN <0.433 FEX=1-0577.IN
IN P FEX
> If0433<IN<075  FEX=V075-IN* — »
IfFIN >0.75 FEX = 1732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- ExXCOEX3T
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EXCITER - EXCSK

Slovakian Excitation System Model.

#{ WK = KCEQ{IFD/VE)

WREF WPES
UIMaX LIRM
Ve . 1TR e ' 5 ,/_ . ke —‘hl_//'__
1+ 8 B _F* % ,
LIMIN TURMIN
7—-I-:Ii | o KGOB » ;E::
e KQog
i
= 4 MB:\.SE lhf-f\' n > ;U L] Kae - "
Q:ﬁj-IEFHOTF
j Kl
uu}ruluhl”frum ¢
caniroller -
: [
P%LI F{PECH) = K1.PMECH + K2 KP v ”LTP
0 _/
KP 4]
sTl
Parameters
NAME Type Description
TR Seconds Filter time constant
K PU Gain
TE Seconds Time constant
EMIN PU Minimum field voltage output
[EMAX PU Maximum field voltage output
KC PU Pl controller gain
TC Seconds Pl time constant
UIMIN PU Minimum error
luimAX PU Maximum error
[URMIN PU Minimum controller output
lURMAX PU Maximum controller output
[EFDMIN PU Field voltage clipping limit
[EFDMAX PU Field voltage clipping limit
IKCE PU Rectifier regulation factor
kD PU Exciter internal reactance
kP PU PI controller gain
[T Seconds PI controller phase lead time constant
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k1 PU Parameter of underexcitation limit
K2 PU Parameter of underexcitation limit
YP PU Maximum output
VTMIN PU Minimum terminal voltage input
VTMAX PU Maximum terminal voltage input
KGOB PU P controller gain
lkQoB PU Rate of rise of the reactive power
INQ PU Dead band of reactive power
IkQP PU PI controller gain
Kol PU PI controller gain of integral component
oz PU Desired value (setpoint) of reactive power
REMOTE Boolean Switch control
1 = Automatic calculation in model secondary controller model
0 = Manual set; desired value of reactive power QZ is required.
QC_ON_OFF [Boolean Secondary voltage control state
1 = secondary voltage control is ON
0 = secondary voltage control is OFF.
TP PU Time constant
Notes

QMAX = K1*PMECH+K2

Equivalent model in CIM/CGMES:
- ExcSK
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EXCITER - EXCST1A

Modification of an old IEEE ST1A static excitation system without overexcitation limiter (VOEL)
and underexcitation limiter (VUEL).

VPSS

NEPLAN
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VAMAX VT VRMAX -KC IFD
P
1+5TCvs | 1+sTCH|ve | KA lva+ o w5 VE 5y EFD
1+sTB 1+sTB1| 7| 1+sTA '\]}:k'/ _/
7 B _
VAMIN VT VRMIN -KC IFD |
Vo skF XE
1+&TF v
IFD
KLR

=]
5
I Ay

ILR

Parameters

NAME Type Description
VIMAX pu Maximum voltage regulator input limit
VIMIN pu Minimum voltage regulator input limit
TC Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC1 Seconds \Voltage regulator time constant
TB1 Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VAMAX pu Maximum voltage regulator output
VAMIN pu Minimum voltage regulator output
VRMAX pu Maximum voltage regulator outputs
VRMIN pu Minimum voltage regulator outputs
KC pu Rectifier loading factor proportional to commutating reactance
IKLR pu Exciter output current limiter gain
ILR pu Exciter output current limit reference
XE pu Excitation xfmr effective reactance
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
Notes

Equivalent model in CIM/ICGMES:

- EXCST1A
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EXCITER - EXELI

Static PI transformer fed excitation system: ELIN (VATECH) - simplified model. This model
represents an all-static excitation system. A PI voltage controller establishes a desired field
current set point for a proportional current controller. The integrator of the Pl controller has a
follow-up input to match its signal to the present field current.

SMAX
—£T57 | ws 'a Wi

1+ 5752 _/

-SMAX

L 4

1+ 5T

Ve 1 1 Y11 : W12
—_— [ D 7=l
14+sTFV] STNU -'HD- '
VREF BILAS
V18
| [ v A 1
] | = 1+sTFI
D:il‘l:
Parameters
NAME Type Description
TR Seconds Filter time constant
TFV Seconds \Voltage transducer time constant
TFI Seconds Current transducer time constant
TNU Seconds Controller reset time constant
VPU PU \Voltage controller proportional gain
\VPI PU Current controller gain
VPNF PU Controller follow up gain
DPNF PU Controller follow up dead band
[EFDMIN PU Minimum open circuit excitation voltage
EFDMAX PU Maximum open circuit excitation voltage
XE PU Excitation transformer effective reactance
TW Seconds Stabilizer parameters
KS1 PU Stabilizer Gain 1
KS2 PU Stabilizer Gain 2
TS1 Seconds Stabilizer Phase Lag Time Constant
TS2 Seconds Stabilizer Filter Time Constant
SMAX PU Stabilizer Limit Output
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Notes

Equivalent model in CIM/ICGMES:

- EXCELIN1
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EXCITER - EXPIC1

Proportional/integral excitation system model.

WHEE

WR1
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ifTE=0

EFD

ve )1 V4 KA +sTAn [ VA | 1 +5TAS R W10 ) +fz—\ W11 1 w20 "
1 +s.TR B (T +s TAJT +5.TAZ) sTE
= VRMN ERMIN .
vi - e vk R
T +sTFN{ +sTF2)
1 Dﬁz:m: ’ B
\"TT WE = [KP (WD VK (1 DHIGY) J/‘|:|'\ Va2
E KCIFD | N
Fo—s ¥E
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU PI1 controller gain
TA Seconds PI controller time constant
VR1 PU Pl maximum limit
VR2 PU PI minimum limit
TA2 Seconds \Voltage regulator time constant
TA3 Seconds \Voltage regulator time constant
TA4 Seconds \Voltage regulator time constant
VRMAX PU \Voltage regulator maximum limit
VRMIN PU \Voltage regulator minmum limit
KF PU Rate feedback gain
TF1 Seconds Rate feedback time constant
TF2 Seconds Rate feedback time constant
EFMAX PU Exciter maximum limit
[EFMIN PU Exciter minmum limit
KE PU Exciter constant
TE Seconds Exciter time constant
KP PU Potential source gain
K1 PU Current source gain
ke PU Exciter regulation factor
El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Parameters Range:

0<TR<0.5 0<KC«<?2

1< KA <500 O0<KE=1
0<TAl1<10 1 <EFDMAX <10
0.5<VR1<10.0 -6 < EFDMIN < -0,5
-6 <VR2<-0.5 1<VRMAX <15
0<Tex<?2 -6 <VRMIN <0
0<KF<0.3 O<El

0.04<TF1<15 0<SE(E1)<1

5 < TF1/KF < 25 SE(E1) < SE(E2)
0<KP<5 El<E2

0<Kl=1l1 0<TF2<5

Notes

The Rectifier Regulation Characteristic F(IN):

IfIN <0. FEX =1
IfIN <0.433 FEX=1-0577-IN
IN — FEX
—» [f0.433<IN<0Q.75 FEX=Y0.75-IN* —»
IfIN >0.75 FEX=1.732 (1-IN)
IFIN > 1 FEX=0
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- ExcPIC
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Modified IEEE Type ST2 Excitation System.

WC

VP SKE |,
T+ 8TF

EFD

1 v sTR

VT - —— , VE
" :jVE = [KP{V DHY QI+ K (ID+I Q) }7

L

KCIFD | IN | Few=
— FER=TIN]

@ s TE i
i

IFD —™
Parameters
NAME Type Description
TR Seconds Filter time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX pu Maximum voltage regulator outputs
VRMIN pu Minimum voltage regulator outputs
KP pu Potential circuit gain coefficient
K1 pu Potential circuit gain coefficient
ke pu Rectifier loading factor proportional to commutating reactance
KE pu Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
EFDMAX pu Maximum field voltage

Parameters Range:

0<TR<0.5

10 < KA <1000

0<TAK<1

0<KF<0.3
0.04<TF<1.5
5<TF/ KF=<20

0.5 <VRMAX < 1.5
-1.5<VRMIN<O0.5
O<KE=1
0.04<TE<?2

KP=1.19
0<KI<8.0
O0<KC<2
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Notes
The Rectifier Regulation Characteristic F(IN):
IfFIN <0. FEX =1
IfIN =0.433 FEX=1-0577-IN
IN — FEX
—* 1f0.433<IN<0.75 FEX=V0.75-IN* ———»
IfIN >0.75 FEX=1.732 (1-IN)
IFIN > 1 FEX=0

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - FREADC
Thyristor controlled DC exciter from ASEA.
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VPSS IFD
VRMAX + EFDMAX
V2 VR + Z V3 1 V4 EFD
1+sTR i 1+sTE g
VRMIN 0.
KF-sTF |
1+sTF |
Parameters
NAME Type Description
K Seconds Gain
TR Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
TE Second Time constant
EFDMAX PU Maximum field voltage output
KF PU Feedback gain
TF Second Feedback time constant
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - IEEET1

IEEE Type 1 Excitation System
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VRMAX
vC 1 KA VR 4 V3 1 EFD
1+ sTR 1+sTA le " 'KE +sTE -
VRMIN va |
VREF VX
SE |«
TT Je
VF sKF |
1+sTF
VS = VPSS + VUEL + VOEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU Regulator gain
TA Seconds Regulator time constant
VRMIN PU Minimum voltage regulator outputs
VRMAX PU Maximum voltage regulator outputs
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF PU Feedback gain
TF Seconds Feedback time constant
El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Parameters Range:

0<TR<0.5
10 < KA <500

0=sTA<1

0.5 <VRMAX <10
-10<VRMIN <O

-1<KE=<1
0.04<TE<1
0<KF<0.3
0.04<TF<1.5
5<TF/KF <15
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Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - IEEET2

IEEE Type 2 Excitation System
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. YRMAX
WC 1 W1 o- Z W2 KA R +® 3 1 EFD
1+ 5TR / T+ STA WKE +57TE v
1 WRMIN W
WREF e =
TT e
vF 1 V5 5KF
1+ 5TF2 1+35TF1
VS = VPSS + VUEL + VOEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU Regulator gain
TA Seconds Regulator time constant
VRMIN PU Minimum voltage regulator outputs
VRMAX PU Maximum voltage regulator outputs
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF PU Feedback gain
TF1 Seconds Feedback time constant 1
TF2 Seconds Feedback time constant 2
El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 PU Exciter saturation function value at the corresponding exciter

voltage, E2, back of commutating reactance

Parameters Range:

0=<TR<0.5
10 < KA <500
0=sTA<1

0.5 <VRMAX <10

-10<VRMIN <O
0.04<TF2< 1.5

-1<KE=<1
0.04<TE<1
0<KF<0.3
0.04<TF1<1.5
5<TF1/KF <15
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Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch

Phone +41 44 914 36 66 Fax +41 44 99119 71
101



NEPLAN

Smarter Tools

EXCITER - IEEET3
IEEE Type 3 Excitation System

VRMAX

VBMAX
vC 1 KA | VR 4 VB V3 1 EFD
1+sTR 1+sTA Zj "I KE+sTE g
VRMIN [+ 0.
s-KF
1+sTF
v V4
VT =% VE = [K P(VD+VO)4K (IDHIQ)| VE V' VE® (0.78+ DF) |—
IT —* r
IFD
VS = VPSS + VUEL + VOEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
VBAX PU IAvailable exciter voltage limiter
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF PU Excitation control system stabilizer gain
TF Seconds Excitation control system stabilizer time constant
KP PU Potential circuit gain coefficient
K1 PU Potential circuit gain coefficient
Parameters Range:
0<TR<0.5 0.04<TF<15
10 < KA <200 5<TF/KF!15
0<TA<1 KP=1.19
0.5<VRMAX < 1.5 09<Kl<11
-1.5<VRMIN <-0.5 1.0<VBMAX <4.0
0.04<TE<?2 O<KE=1.0

O0<KF<0.3
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Notes

Equivalent model in CIM/ICGMES:
- ExcDC3A1
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EXCITER - IEEET4
IEEE Type 4 Excitation System

YEER

. ; WRMAX
ay IR ‘ ’7 W1 1 || <Y VR, Y3 1 EFD
Ve > > J ‘ KR " ern | WE - o TE "
-1
YRMIN I Y
W
W WA B
L | [ |
J W
YR
Parameters
NAME Type Description
KR PU Fast raise/lower contact setting
TRH Seconds Rheostat travel time
KV PU Fast raise/lower contact setting
VRMIN [PU Minimum voltage regulator outputs
VRMAX [PU Maximum voltage regulator outputs
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Parameters Range:
0.01 < KR <0.05
20<TRH <100
0.02<KV<0.10

KR < KV

2.0 <VRMAX <10.0
0=VRMIN<2.0

0.04<TE<1.0
-1.0<KE <0.10
0<E1
0<SE(E1)<1
El<E2
SE(E1) < SE(E2)

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch

Phone +41 44 914 36 66 Fax +41 44 99119 71

104



NEPLAN

Smarter Tools

Notes

The signal V1 is calculated according to the value of AV, as follows:
If -KR < AV < KR then Vi=0

If AV <-KR then Vi=-1

If AV > KR then vi=1

The signal V2 is calculated according to the value of AV, as follows:

If -KV <AV < KV then V2=0

If AV <-KV then V2 = VRMIN

If AV > KV then V2 = VRMAX

Note:

1) If VRMAX is zero, the model will compute a new value of it.

a) If KE is zero or negative, VRMAX will just allow the exciter to reach an
output voltage of E2 i.e.: VRMAX = SE(E2 ) x E2

b) If KE is positive, VRMAX will just allow the exciter to reach an output
voltage of E2 with the specified value of KE,
i.e.. VRMAX = (SE (E2) + KE ) x E2
In either case above, VRMIN is then set to -VRMAX.

2) If KE is zero, the model will set a new value of KE.
KE is set to the value that will require a voltage regulator output of
(VRMAX /10) to maintain the present value of excitation voltage, UF, i.e.:
KE =VRMAX/(10 UF) - SE (UF)

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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Modified IEEE Type 5 Excitation System

VREER

+

()

F

VRMAX
Y i ARG VR, V3 1 EFD
“TRH > 2 KE + s.TE :
YRMIN 2V = R
W4
VR =E ¢

_K\;‘ r W2

A
WRIWIMN

Parameters
NAME Type Description

TRH Seconds Rheostat travel time

KV PU Fast raise/lower contact setting

VRMIN PU Minimum voltage regulator outputs

VRMAX PU Maximum voltage regulator outputs

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Parameters Range:
0.01 < KR <0.05
2.0<TRH <100
0.02 <KV <0.10

KR < KV

2.0 < VRMAX <10.0
0=<VRMIN<2.0

0.04<TE<1.0
-1.0<KE <0.10
0<E1
0<SE(E1)<1
El<E2
SE(E1) < SE(E2)
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Notes

The signal V2 is calculated according to the value of AV, as follows:
If -KV < AV < KV then V2=0

If AV <-KV then V2 = VRMIN

If AV > KV then V2 = VRMAX

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - IEEEX1
IEEE Type 1 Excitation System
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VREMAX
Ve 1 1+5TC | V3 KA N 1 EFD
1+sTR 1+s.TB 1+ 5TA oTE >
YR IN
VREF
WHEEFD-SEEFD je
W5
KE
VF s
T+s.TF

VS = VPSS+VOEL+VUEL

Parameters
NAME Type Description

TR Seconds Filter time constant

TB Seconds Time constant

TC Seconds Time constant

KA Pu Gain

TA Seconds Time constant

VRMAX Pu Limiter

VRMIN Pu Limiter

TE Seconds Time constant

KE Pu Gain

KF Pu Gain

TF Seconds Time constant

El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Parameters Range:
0<TR<05

10 < KA <500
0sTA<1

0.5 <VRMAX <10
-10<VRMIN <O

-1<KE=<1
0.04<TE<1
0<KF<0.3
0.04<TF<15
5<TF/KF <15
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Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - IEEEX2

1979 IEEE Type 2 Excitation System Model. Also the IEEET2-exciter can be modeled with the
IEEEX2-exciter. In that case the constants TB and TC are set to equal 0.0.

VPSS
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VRMAX
vC 1+sTC | W3 KA 1 EFD
1 l-TR 1+ 7B N U sTA oTE il
VRMIN
WH=EFD-SE(EFD )«
VB
KE
skF
{(1+sTF)1 +sTF2)
Parameters
NAME Type Description

TR Seconds Filter time constant
KA PU \Voltage regulator gain
TA Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter

control
KF PU Excitation control system stabilizer gain
TF1 Seconds Excitation control system stabilizer time constant
TF2 Seconds Excitation control system stabilizer time constant
El PU Exciter alternator output voltages back of commutating

reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter

voltage, E1, back of commutating reactance
E2 PU Exciter alternator output voltages back of commutating

reactance at which saturation is defined
SE2 PU Exciter saturation function value at the corresponding exciter

voltage, E2, back of commutating reactance

Parameters Range:

0<TR<O05
10 < KA <500
0<TA<1

0.5 <VRMAX <10

-10<VRMIN <O
0.04<TF2<15

-1<KE<1
0.04<TE<1
0<KF<0.3
0.04<TF<15
5<TF/KF <15
5 <TFN/KF £ 15
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Where:

TFN=TFifS2<S
TFN = TF2if S< S2
S=|1-TF/TE|

S2 =|1- TF2ITE|

Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- ExcDC2A
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EXCITER - IEEEX3
IEEE Type 3 Excitation System Model.
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5-KF "
1+ sTF
WRMAK
! K, VR 4 VB 1 EFD
Ve — = T sTA > KE +s.TE ]
YRMIM J +
VREF
vE WEMAK
YTT::'VE = KP{VDHVQ )+jK|(|D+j|Q)|}—> JVE-pTsrota |3 V4
D Lad -
VS = VPSS+VOEL+VUEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
VBMAX PU Maximum value of siganl V4
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control

KF PU Excitation control system stabilizer gain
TF Seconds Excitation control system stabilizer time constant
KP PU Potential circuit gain coefficient
K1 PU Courent circuit gain coefficient

Parameters Range:

0<TR<05
10 < KA <200
0<TAK<1

0.5<VRMAX <15
-1.5<VRMIN <-0.5

0.04<TE<2
O0<KF<0.3

0.04<TF<15
5<TF/KF!15
KP=1.19
0.9<KlI<11

1.0 < VBMAX <4.0
O0<KE=<10
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Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - IEEEX4
IEEE Type 4 Excitation System

YRIMAX

. ! L 1 W7
1 S TRH
VREF VRMIN
WRMAX
* Ky W
o] V1. VERR V2 | VRMAX - VRMIN v g |-
T+sTR STRHHKCV R H\' EFDIMAX
* VRMIM IFVERR = KV, ¥R = VR MAX VR,
I VERR £ VA = VR MIN e+ S TE
EXCLIM EFOMIM
Parameters
NAME Type Description
TR Seconds Filter time constant
TRH Pu Rheostat travel time
KV Pu Fast raise/lower contact setting
VRMAX Pu Maximum voltage regulator output
VRMIN Pu Minimum voltage regulator output
TE Seconds Exciter time constant, integration rate associated with exciter
control
KE Pu Exciter constant related to self-excited field
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
E2 pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE2 pu Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
Parameters Range:
0.01 <KR <0.05 0.04<TE<1.0
2.0<TRH <100 -1.0<KE <0.10
0.02<KV<0.10 0<E1
KR < KV 0<SE(E1)<1
2.0 <VRMAX <10.0 El<E2
0<VRMIN<2.0 SE(E1) < SE(E2)
Notes
1) If VRMAX is zero, the model will compute a new value of it.

a) If KE is zero or negative, VRMAX will just allow the exciter to reach an
output voltage of E2 i.e.: VRMAX = SE(E2 ) x E2
b) If KE is positive, VRMAX will just allow the exciter to reach an output
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voltage of E2 with the specified value of KE,
i.e.. VRMAX = (SE (E2) + KE) x E2
In either case above, VRMIN is then set to -VRMAX.

2) If KE is zero, the model will set a new value of KE.
KE is set to the value that will require a voltage regulator output of
(VRMAX /10) to maintain the present value of excitation voltage, UF, i.e.:
KE =VRMAX/(10 UF) - SE (UF)

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- ExcDC3A (only valid with kr = 0 in CIM/CGMES)
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Modified IEEE Type 1 Excitation System
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VRMAX
FDMA
KA VR 4 m V3 1 V4 EFD
T+sTA > STE >
FDMI
VRMIN
1 j—sK":I'F < v SE +KE
VS = VPSS+VUEL+VOEL
Parameters
NAME Type Description
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
KE pu Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
FDMI pu Minimum field voltage
IFDMA pu Maximum field voltage
El pu Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 pu Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance
SEMAX pu Exciter saturation function value at the corresponding exciter
voltage, FDMA, back of commutating reactance

Parameters Range:

0<TR<O05 -1<KE=<1
10 < KA <500 0.04<TE<1
0<TA<1 0<KF<0.3
0.5 <VRMAX <10 0.04<TF<15

-10<VRMIN <O

5<TF/KF<=<15
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Notes

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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Modified IEEE Type 1 Excitation System
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=hF 1 Ve =1
1+ =TF

SW=0
VRV wiD

WRMAX

W3t Wit e K WR 1

1+=TR

VS = VPSS + VUEL + VOEL

> z Tvedh |7 T+a182
&f VRMIN

Parameters
NAME Type Description

TR Seconds Filter time constant

XE PU Excitation transformer effective reactance

SW Integer Swtich control (see block diagram)
0 = feedback from VREG
1 = feedback from EFD

VSMAX Maximum voltage regulator output

VSMIN Minimum voltage regulator output

KA \Voltage regulator gain

TAL \Voltage regulator time constant

VRMAX Maximum voltage regulator output

VRMIN Minimum voltage regulator output

TA2 Lag time constant

KF1 Excitation control system stabilizer gains

TF1 Excitation control system stabilizer time constant

KE Exciter constant related to self-excited field

TE Exciter time constant, integration rate associated with exciter
control

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance
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Notes
VR/KA is calculated during the initiating and is constant thereafter.

1) If VRMAX is zero, the model will compute a new value of it.
a) If KE is zero or negative, VRMAX will just allow the exciter to reach an
output voltage of E2 i.e.: VRMAX = SE(E2 ) x E2
b) If KE is positive, VRMAX will just allow the exciter to reach an output
voltage of E2 with the specified value of KE,
i.e.. VRMAX = (SE (E2) + KE) x E2
In either case above, VRMIN is then set to -VRMAX.

2) If KE is zero, the model will set a new value of KE.
KE is set to the value that will require a voltage regulator output of
(VRMAX /10) to maintain the present value of excitation voltage, UF, i.e.:
KE =VRMAX/(10 UF) - SE (UF)

IMAG = /ID? + 1Q?

Saturation:
See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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Y REF

WRMAX
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+ [~
Ve V1 Ka vz
- 1+sTRH
—/
WTD VRMIN VT EFDMAX
|deltalf] < KW
ve . | 'ﬂaw\x y . | § /7
- - URMIN_I v IdeltaVII—-} Y + KE + sTE ) J T
EFDMIN
Parameters
NAME Type Description

KA PU Regulator gain

TRH Seconds Rheostat travel time

KV PU Fast raise/lower contact setting

VRMIN PU Minimum voltage regulator outputs

VRMAX PU Maximum voltage regulator outputs

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

EFDMIN PU Minimum field voltage

[EFDMAX PU Maximum field voltage

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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IEEE Type 2 Excitation System Model

Wi 1
T+ 5 TR

VPSS
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VS = VPSS+VOEL+VUEL

YRMAX
T+5TC W3 WA VR + z W4 | 1 EFD N
1+sTB 1+5Th Y eTE "
VRMIN
WX
VX=EFDr SE(EFD e
L] .
skF o WE
1+ 5TF1 @‘ HE

Parameters
NAME Type Description

TR Seconds Filter time constant

TC Seconds \Voltage regulator time constant

TB Seconds \Voltage regulator time constant

VRMIN PU Minimum voltage regulator output

VRMAX PU Maximum voltage regulator output

KA PU \Voltage regulator gain

TA Seconds \Voltage regulator time constant

KF PU Excitation control system stabilizer gain

TF1 Seconds Excitation control system stabilizer time constant

TE PU Exciter time constant, integration rate associated with exciter
control

KE PU Exciter constant related to self-excited field

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
\voltage, E2, back of commutating reactance

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES Model
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IEEE model 1 (PSAT)
SE ‘—‘
WRIAX
Wi 1 Wi - 1 +5T2 1 +5T4 + 1 EFD
T+ TR > K 1+§-T1 1+S-T3 e T+sTE '
YRRMIN
YREF
Parameters
NAME Type Description
TR Seconds Filter time constant
K PU Gain
T1 Seconds Time constant
T2 Seconds Time constant
T3 Seconds Time constant
T4 Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
TE Seconds Time constant
AE PU Saturation parameter (see note)
BE PU Saturation parameter (see note)
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - PSAT Type2
IEEE model 2 (PSAT)

SE 4
VRMAX
Ve 1 KA VR *+ Z 1 EFD_
o 1+sTR 1+sTA 1+sTE :
VRMIN
sKF
1+sTF |
Parameters
NAME Type Description
TR Seconds Filter time constant
KA PU Gain
TA Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
TE Seconds Time constant
AE PU Saturation parameter (see note)
BE PU Saturation parameter (see note)
KF PU Feedback gain
TF Seconds Feedback time constant
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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General Purpose Rotating Excitation System Model.
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Vaoltage

Regulator VRMAX"F

V&

i N & VR
v SV (14 8TCH(1+sTC2} 1
5 {14 aTBI)[1+ aTEZ) 1+8TA

VRMIN'F

VE= VPSS + VUEL +VDEL

F = (KE'KD*Se)"[1 + FAUIME(VT-1.0)]

Exclter Fleld
Current
Ragulator

VEMAX*F

Feedback

Signal Selactor (FBF)
0 AVR Output Signal
1 Exdiler Field Current

2 Exditer Quigul Vollage

Parameters
NAME Type Description
TR Seconds Filter time constant
KVP PU \Voltage Regulator Proportional Gain
KVI PU \Voltage Regulator Integral Gain
VIMAX PU \Voltage Regulator Input Limit
TA Seconds \Voltage Regulator time constant
TB1 Seconds Time constant
TC1 Seconds Time constant
TB2 Seconds Time constant
TC2 Seconds Time constant
VRMIN PU Minimum controller output
VRMAX PU Maximum controller output
KF PU Rate feedback gain
TF Seconds Rate feedback time constant
TF1 Seconds Rate feedback time constant
TF2 Seconds Rate feedback time constant
FBF* enum Rate feedback signal flag (Fbf). Typical Value =
fieldCurrent
KIP PU Field Current Regulator Proportional Gain
Kll PU Field Current Regulator Integral Gain
TP Seconds Field current Bridge time constant
VFMIN PU Minimum Exciter Field Current
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IVEMAX PU Maximum Exciter Field Current

IKH PU Field voltage controller feedback

KE PU Exciter field proportional constant

TE Seconds Exciter field time constant

KC PU Rectifier regulation factor

) PU Exciter regulation factor

El PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Exciter saturation function value at the corresponding exciter
voltage, E1, back of commutating reactance

E2 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE2 PU Exciter saturation function value at the corresponding exciter
voltage, E2, back of commutating reactance

F1IMF PU Limit type flag

* Description pag. 17

Notes

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/ICGMES:

- EXcCREXS
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EXCITER - SCRX
Simple excitation system model representing generic characteristics of many excitation
systems.
1.0 VT
1 J 1 0
VPSS CSWITCH
EMAX V4
+ /
VREF VI [1esta] V2T k| VS A0\ V5 EFD
>
Na = sB| ) 1+STE Ne—»
+ 7 L
EMIN
VREF
RC IFD
RFD
Parameters
NAME Type Description
TATB Float Ta/Tb - gain reduction ratio of lead-lag element
TB Seconds Time constant
K PU Gain
TE Seconds Time constant
EMIN PU Minimum field voltage output
[EMAX PU Maximum field voltage output
RCRFD Float Rc/Rfd - ratio of field discharge resistance to field winding
resistance
CSWITCH Boolean Power source switch
0 =inputis setto 1
1 = input is set as generator terminal voltage.
Notes

Equivalent model in CIM/ICGMES:

- ExXcSCRX
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Simplified Excitation system
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VS
EMAX
+
VC - V2 1+s.TA V3 K EFD
1+sTB 1+s.TE g
+
EMIN
VREF
VS = VPSS + VOEL +VUEL
Parameters
NAME Type Description
TA Seconds Time Constant
TB Seconds Time Constant
K PU Gain
TE Seconds Time Constant
EMAX PU Limiter
IEMIN PU Limiter
Parameters Range:
0.05<TA/TB< 1 5<KxTA/TB <15
5<TB <20 EMIN=0
20<K <100 3<EMAX<6
0<TE<O0.5
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - SEXS 2005

Simplified Excitation system, version 2005

EMAX
EFDMAX
1+sTA | V3 KC | K EFD_
T+sTB Nerc S TO T e g
EFDMIN
EMIN
VREF
Parameters
NAME Type Description
TR Seconds Filter time constant
TATAB Float Ta/Tb - gain reduction ratio of lead-lag element
TB Seconds Time constant
KC PU PI controller gain
TC Seconds Pl time constant
K PU Gain
TE Seconds Time constant
EMIN PU Minimum field voltage output
[EMAX PU Maximum field voltage output
[EFDMIN PU Field voltage clipping minimum limit
[EFDMAX PU Field voltage clipping maximum limit
Notes

Same remarks as the SEXS model

Equivalent model in CIM/ICGMES:
- EXCSEXS
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IEEE Type ST1A Excitation System
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SILETTEeS S0 STeT INELE

Parameters
NAME Type Description
VOS Boolean Selector of the Power System Stabilizer input. (see block
diagram)
1 = PSS input (VPSS) added to error signal
0 = PSS input (VPSS) added to voltage regulator output.
UEL enum Selector of the connection of the UEL input. (see block
diagram)
0 = ignore VUEL signal
1 = VUEL input added to error signal.
2 = VUEL input HV gate with error signal
3 = VUEL input HV gate with volt. reg. output
TR Seconds Filter time constant
VIMAX pu Maximum voltage regulator input limit
\VIMIN pu Minimum voltage regulator input limit
TB Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
TC1 Seconds \Voltage regulator time constant
TB1 Seconds \Voltage regulator time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VAMAX pu Maximum voltage regulator output limit
VAMIN pu Minimum voltage regulator output limit
KLR pu Exciter output current limiter gain
LR pu Exciter output current limit reference
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
VRMAX pu Maximum voltage regulator output limit
VRMIN pu Minimum voltage regulator output limit
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ke lpu IRectifier loading factor proportional to commutating reactance |

Parameters Range:

0<TR<0.1 3 <VAMAX <8
0<VIMAX £0.2 -8 < VAMIN < -3
-0.3<VIMIN <0 3<VRMAX<8
0<TC<10.0 -8 <VRMIN £ -3
0.04<TB< 20 0<KC<0.3
0<TCl1<10 0<KF=<0.3
0.04<TB1<20 0.3<TF=<15
5<KAxTC/TB=<15 O0<KLR=5.0
50 < KA <1000 0<ILR=5.0
0.04<TA<O05

Notes

VOS

A switch that controls where the inputs signal VS is subtracted to the exciter. The parameter
SWS sets which system stabilizer that calculates the value of VS.

VOS =1 The input signal VS is subtracted to the sum with the output signal V2.
VOS = 2 The input signal VS is subtracted to the sum with the output signal V4.

If no system stabilizer is associated, i.e., SWS = 0, the parameter VOS is ignored. Default = 1

UEL
A switch that controls where the input signal VU is injected to the exciter. The parameter SWU
sets which under excitation limiter that calculates the value of VU.

UEL = 1 The input signal VU is added to the sum with the output signal V2.
UEL = 2 The input signal VU is one of the input signals to the left HV-gate.
UEL = 3 The input signal VU is one of the input signals to the right HV-gate.

If no under excitation limiter is associated, i.e., SWU = 0, the parameter UEL is ignored.
Default =1

Equivalent model in CIM/ICGMES:
- EXCIEEEST1A
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EXCITER - ST2A
IEEE Type ST2A Excitation System

WG 1
1+ 5TR
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W4 1 EFD

¥

K]

KE *

i -
lT::|\xE [KP

(VDY QHKII DHIQ)| |

< ()

.

KC-IFD

FEX=fIN) | E°

iro—s VE

VS = VPSS + VOEL

Parameters
NAME Type Description

TR Seconds Filter time constant

KA pu \Voltage regulator gain

TA Seconds \Voltage regulator time constant

VRMAX pu Maximum voltage regulator outputs

VRMIN pu Minimum voltage regulator outputs

KP pu Potential circuit gain coefficient

K1 pu Potential circuit gain coefficient

ke pu Rectifier loading factor proportional to commutating reactance

KE pu Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

KF pu Excitation control system stabilizer gains

TF Seconds Excitation control system stabilizer time constant

UFMAX pu Maximum field voltage

UEL Boolean UEL input,
1 = VUEL input added to HV Gate.
0 = VUEL input added to error signal.

Parameters Range:

0<TR<0.5

10 < KA < 1000

0<TAK<1

0.5<VRMAX <15

0<KF<0.3
0.04<TF<15
5<TF/ KF <20
KP=1.19
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-1.5<VRMIN < 0.5 0<Kl<8.0
O0<KE<1 0<KC«<2
0.04<TE<?2 1 <EFDMAX < 10

Notes

VT and IT definition:
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VT

The bus voltage, p.u. (=VD +jVQ)

IT

The stator current, p.u. (= 1D +jlQ)

The Rectifier Regulation Characteristic F(IN):

IfIN <0. FEX =1
IFIN <0.433 FEX=1-0577.IN

s FEX
If0.433<IN<075  FEX=Y075-IN> ——— >
IFIN >0.75 FEX = 1732 (1-IN)
IFIN > 1 FEX=0

Equivalent model in CIM/CGMES:
EXCIEEEST2A
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EXCITER - ST2A 2005
ST2A Excitation System, Entsoe-CIM/CGMES modified model

i

N \‘VL;IEL VRMAX
e 1 Wi - L\ w2 | 1+3TC Hy Ky | VR
1+ TR Z_/ T T+sTB | GATE +5.TA,
+
WM
VREF
i sKF

WT — - - -
(12 VE= [FPVDAVAHKIID+ O]

L’ KCIFD

FEX=A{IN)

Fo— VE
Parameters
NAME Type Description
TR Seconds Filter time constant
KA pu \Voltage regulator gain
TA Seconds \Voltage regulator time constant
TC Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
VRMAX pu Maximum voltage regulator outputs
VRMIN pu Minimum voltage regulator outputs
KP pu Potential circuit gain coefficient
K1 pu Potential circuit gain coefficient
Ikc pu Rectifier loading factor proportional to commutating reactance
KE pu Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF pu Excitation control system stabilizer gains
TF Seconds Excitation control system stabilizer time constant
UFMAX pu Maximum field voltage
UEL Boolean UEL input,
1 = VUEL input added to HV Gate.
0 = VUEL input added to error signal.
Notes

Same remarks as the ESST2A model
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Equivalent model in CIM/ICGMES:
- EXcST2A

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 99119 71

134



EXCITER - ST3A
IEEE Type ST3A Excitation System

WO 1
1+ TR

WREF
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WGMAK

V4
@7

W AR

WG
W RMAK

14+ TC | VA KA VR, Y3 [l W
1+ 2TH 1+ TA 1+ =W

Hv
GATE

VT _YE
T VE = P (ool + Jeidl ) \0+ N0+ SKIHKP (o8 + Jmd) ) £LLI DT | I ‘

WRM 1M Whind 1M

ﬁ?

W EIMAK

L,

EFD

o KC\;'EFD N1 e =)

VS = VPSS + VOEL
Parameters

NAME Type Description
TR Seconds Filter time constant
VIMAX PU Maximum voltage regulator input limit
VIMIN PU Minimum voltage regulator input limit
TC Seconds \Voltage regulator time constant
TB Seconds \Voltage regulator time constant
KA PU \Voltage regulator gain
TA Seconds \Voltage regulator time constant
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
KG PU Feedback gain constant of the inner loop field regulator
VGMAX PU Maximum inner loop feedback voltage
KM PU Forward gain constant of the inner loop field regulator
T™ Seconds Forward time constant of inner loop field regulator
VMMAX PU Maximum inner loop output
VMMIN PU Minimum inner loop output
KP PU Potential circuit gain coefficient
Kl PU Potential circuit gain coefficient
VBMAX PU Maximum excitation voltage
KC PU Rectifier loading factor proportional to commutating reactance
XL PU Reactance associated with potential source

Parameters Range:

0<TR<0.5
0<VIMAX <1
-1<VIMIN<O
0<TC<20

1 <UEMAX < 20
0<KG«<11
0 <VGMAX <20
1<KP<10

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch

Phone +41 44 914 36 66 Fax +41 44 99119 71

135




0.04<TB< 20
0<KA <200
0<TA<1.0

0.5 <VRMAX =10
-10 <= VRMIN < 0.5
0<sTM<1.0

0 < KM < 1000

Notes

VT and IT definition:

O0=sKlI=s1l1
0sKC«<1

0 <VBMAX < 20
0<XL<0.5

-90 < TETA<90
-1.5<VMMIN <0.5
0.5<VMMAX =15

NEPLAN
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VT The bus voltage, p.u. (= VD +jVQ)

IT The stator current, p.u. (= 1D +jIQ)

The Rectifier Regulation Characteristic F(IN):

IfIN <0.
IfIN =0.433
IN
—* If0.433<IN<0.75
IfIN >0.75
IfIN >1

FEX =1
FEX=1-0577.IN
FEX =1/0.75 - IN?
FEX = 1.732 (1-IN)
FEX=0

Equivalent model in CIM/CGMES:

- EXCIEEEST3A

FEX
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Excitation system with DC commutator exciter.

YWPES

WG AR
8

WG K "

KS
2iE EFD

VRRMAX
A AR AK UEM A3
e 1 V- W32 W3 ; W W5 WA VB \'x
5 yy. At sTC + T
1+sTR 1+sTEB 1+ sTA U
+ VIMIN =

WREF

YT vE= kP edTP vDHv@)+KIIDHI Q) |
[ KCIFD

IFO—™

WE

Parameters
NAME Type Description

FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD

TR Seconds Filter time constant

TC Seconds Regulator time constant

TB Seconds Regulator time constant

KJ Regulator gain

KA PU Regulator gain

TA Seconds Regulator time constant

KP PU Potential circuit gain coefficient

K1 PU Courent circuit gain coefficient

ke PU Rectifier loading factor proportional to commutating reactance

KG PU Exciter constant related to self-excited field

TP degree Only used in SIMPOW model, with dynamic simulator the angle
value is automaticaly coupled with the machne.

XL PU Excitation control system stabilizer gains

UEMAX PU Maximum voltage regulator outputs

VGMAX PU Minimum voltage regulator outputs

VIMAX PU Maximum voltage regulator outputs

VIMIN PU Minimum voltage regulator outputs

VRMAX PU Maximum voltage regulator outputs

VRMIN PU Minimum voltage regulator outputs

VBMAX PU Maximum voltage regulator outputs

Parameters Range:

0<TR<0.5 1 <UEMAX <20

0<VIMAX <1 0<KG<11

-1<VIMIN<O 0 <VGMAX <20
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0<TC<20 1<KP<10
0.04<TB <20 0<KlI=11
0<KA =200 0<KC«1
0<TA<10 0 < VBMAX <20
0.5 < VRMAX £10 0<XL<05

-10 = VRMIN < 0.5

Notes

VT and IT definition:

VT The bus voltage, p.u. (= VD +jVQ)

IT The stator current, p.u. (= 1D +jIQ)

Equivalent model in CIM/CGMES:
- EXcST3A
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EXCITER - ST4B

IEEE Type ST4B Potential or Compounded Source-Controlled Rectifier
Exciter

Mo L
W3 \ﬁr
WG
. WRMAX } MM A WOEL
WG 1 1S‘TR W1 /g W2 — IéIR VR 1+18.TA V3o, Z W4 - +% W18 L: Ié\;TE WA 'r/ﬁ\ EFD’
* VAMIN VM vE
YREF
W B A
\g VE=|KF @0+ e KD+ R R (P (o A+ ) ) ] I v ﬁ
. D\:: KC;I'EF L FEX =f(IN
VS = VPSS + VUEL
Parameters
NAME Type Description
TR Seconds Filter time constant
KPR PU \Voltage regulator proportional gain
KIR PU \Voltage regulator integral gain
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
TA Seconds \Voltage regulator time constant
KPM PU \Voltage regulator proportional gain output
KIM PU \Voltage regulator integral gain output
VMMAX PU Maximum inner loop output
VMMIN PU Minimum inner loop output
KG PU Feedback gain constant of the inner loop field regulator
kP PU Potential circuit gain coefficient
Kl PU Potential circuit gain coefficient
VBMAX PU Maximum excitation voltage
KC PU Rectifier loading factor proportional to commutating reactance
XL PU Reactance associated with potential source
Parameters Range:
0<TR<05 -118.8<VMMIN <0
0<KPR=75 0<KG<1l1
0<KIR=75 1<KP<10
0.8 <VRMAX =10 0<KI=11
-6 <VRMIN =<0 1 <VBMAX <20
0<TA<1 0<KC<1
0<KPM=12 0=<XL<05
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0=sKIM=18
0.8 = VMMAX =118

Notes

-90 <THETA <90

VT and IT definition:
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VT

The bus voltage, p.u. (= VD +jVQ)

IT

The stator current, p.u. (= ID +jIQ)

The Rectifier Regulation Characteristic F(IN):

IfIN <0O. FEX=1
IfIN <0.433 FEX=1-0.577-IN

—s FEX
1f0.433 <IN<0.75 FEX=V075-IN* — »
IfIN >0.75 FEX=1.732 (1-IN)
IfIN >1 FEX=0

Equivalent model in CIM/ICGMES:
- EXClEEEST4B
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ST4B Potential or Compounded Source-Controlled Rectifier, Entsoe-CIM/CGMES modified.

W GMA K

KG l
va LT
VB
. VRMAX ) TS WOEL
s 1 W1 W2 KIR | ¥R 1 V3 . V4 K |v18 | V5 _/\ EFD
T+ 51R KPR+ 75 T+5TA > KPM - GATE 17
+ &+
VUEL VRMIN MM ve
VREF
VEMAK
T WE
T : VE=| KR @+ ot ¥+ MEH LK+ (KPE o0+ v ) a0 D+ ] I /1%

L’ KC-IFD

Fo—» VE

Parameters
NAME Type Description
TR Seconds Filter time constant
KPR PU \Voltage regulator proportional gain
KIR PU \Voltage regulator integral gain
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
TA Seconds \Voltage regulator time constant
KPM PU \Voltage regulator proportional gain output
KIM PU \Voltage regulator integral gain output
VMMAX PU Maximum inner loop output
VMMIN PU Minimum inner loop output
KG PU Feedback gain constant of the inner loop field regulator
VGMAX PU Maximum inner loop feedback voltage
KP PU Potential circuit gain coefficient
Kl PU Potential circuit gain coefficient
VBMAX PU Maximum excitation voltage
KC PU Rectifier loading factor proportional to commutating reactance
XL PU Reactance associated with potential source

Parameters Range:
0<TR<05
0=sKPR =75
0=sKIR=75

0.8 < VRMAX =10
-6<VRMIN =<0
0<TAK<1
0sKPM=12

NEPLAN AG Oberw

-118.8 < VMMIN =0
0=sKG<11
1<KP<10
0=sKI=s11

1 <VBMAX <20
0=sKC«<1
0=sXL<05
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0=sKIM=18 -90 <THETA <90
0.8 = VMMAX =118

Notes

Same remarks as the ESST4B model

Equivalent model in CIM/CGMES:
- ExcST4B
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EXCITER -

ST5B

IEEE Type ST5B Excitation System

WRMAKKR
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VEMAKKR

F — F—
{1 +sTOC _1 1+sTOC2 | VB
1+sTOB1 1+5TOB2
—_ 7 _
VRMINKR VRMINIR ::R:EE'[ :EE:EIHI_:: ‘:
else jim =0
WREF f
VoRL__ v VRMAXKR VRMAXIKR i" VRMAX VT VRMAX
+ Fi— ]
1 Vi zL‘fERR V2| Gate [V3 o LV |T+STCH Ju7 | 14sTC2 | 0 |
145sTR - HY 4 14sTB1 1+45TBZ | V8
WUEL Gate 7 7
VPSS WEMINKER WREMIN/ER
IFD
VRMANIKR  VRMAXIKR KC |4—ro
I F i—
1+5TUCT | VBl 1+5TUC2 | vin
T +sTUBA 1+sTUB2
7 7
WRMIMNKR WRMINKR
Parameters
NAME Type Description
TR Seconds Filter time constant
TC1 Seconds Regulator time constant
TB1 Seconds Regulator time constant
TC2 Seconds Regulator time constant
TB2 Seconds Regulator time constant
KR PU Regulator gain
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
T1 Seconds Firing circuit time constant
KC PU Rectifier regulation factor
TUC1 Seconds UEL time constant
TUB1 Seconds UEL time constant
TUC?2 Seconds UEL time constant
TUB2 Seconds UEL time constant
TOC1 Seconds OEL time constant
TOB1 Seconds OEL time constant
TOC?2 Seconds OEL time constant
TOB2 Seconds OEL time constant

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch
Phone +41 44 914 36 66 Fax +41 44 99119 71

143




NEPLAN

Smarter Tools

Notes

VOUT = V6 if VOEL < VERR
VOUT =V10 if VUEL > VERR

VOUT =V8 in other cases

Equivalent model in CIM/ICGMES:
- EXCIEEEST5B
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EXCITER - ST6B
Type ST6B Excitation System, Entsoe-CIM/CGMES modified.

DELin=t YOEL  oElin=g
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WIMAX WANAX
_ J,-’_ KFF
+T ’_b WIMIN \.ﬁrhl . v falze KC
e VPSS v %3 fn o IDFD
Parameters
NAME Type Description
TR Seconds Filter time constant
KPA PU \Voltage regulator proportional gain
IK1A PU \Voltage regulator integral gain
KDA PU \Voltage regulator derivative gain
TDA Seconds \Voltage regulator derivative time constant
VAMAX PU Maximum voltage regulator output
VAMIN PU Minimum voltage regulator output
KFF PU Pre-control gain constant of the inner loop field regulator
KM PU Forward gain constant of the inner loop field regulator
IkC PU Exciter output current limit adjustment
IKLR PU Exciter output current limiter gain
ILR PU Exciter output current limit reference
VRMAX PU Maximum voltage regulator output
VRMIN PU Minimum voltage regulator output
KG PU Feedback gain constant of the inner loop field regulator
TG Seconds Feedback time constant of inner loop field voltage regulator
\VIMIN PU Maximum voltage regulator output
VIMAX PU Minimum voltage regulator output
XC PU Excitation source reactance
TS Seconds Rectifier firing tme constant
K1 Boolean Feedback selector
0= EFD feedback
1= IFD feedback
OEL* enum OEL input selector (OELin). Typical Value = noOELinput
VMULT Boolean Output multiplication factor
0 = output signal multiplied by 1
1 = output signal multiplied by VT
* Description pag. 17
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Notes

Equivalent model in CIM/ICGMES:

- ExcST6B
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EXCITER - ST6B CIM/CGMES

IEEE ST6B static excitation system with PID controller and optional inner feedbacks loop
(Entsoe-CIM/CGMES model).

oELiN=1_ YOEL opLin=2

IFD

VIMAX WVAMAX

- - [—
&b |+1STR vl o— c:.::-e vzt w3 KPA+% VA EF%
+T ’—. + 7
WIMIN VAMIN
vRer o VPSS
Parameters
NAME Type Description
TR Seconds Filter time constant
OEL enum * OEL input selector (OELin). Typical Value = noOELinpu
VIMAX pu Maximum voltage regulator output
VIMIN pu Minimum voltage regulator output
KPA pu \Voltage regulator proportional gain
KIA pu \Voltage regulator integral gain
VAMAX pu Maximum voltage regulator output
VAMIN pu Minimum voltage regulator output
KFF pu Pre-control gain constant of the inner loop field regulator
KM pu Forward gain constant of the inner loop field regulator
VRMAX pu Maximum voltage regulator output
VRMIN pu Minimum voltage regulator output
ILR pu Exciter output current limit reference
KCl pu Exciter output current limit adjustment
IKLR pu Exciter output current limiter gain
KG pu Feedback gain constant of the inner loop field regulator
TAG Seconds Feedback time constant of inner loop field voltage regulator
Notes

Equivalent model in CIM/CGMES:

- EXCIEEEST6B
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IEEE Type ST7B Excitation System

WOEL

L,

WIOEL WUEL

L L‘» YT " WRMAK
ve 1 , ; 1+sTC 3 | , EFD
1+ TR -'._;‘;r\ ™ ('1;19 ™ 1+sTH | + ir’ C::E ™ -';Ihlt:lu _/'f/{_ v
YTVRMIN Y TTVRIMAX . ‘
+ ETd
E 1+ sFid
Lo
Parameters
NAME Type Description

TR Seconds Filter time constant
TG Seconds Feedback time constant of inner loop field voltage regulator
TF Seconds Excitation control system stabilizer time constant
VMIN PU Minimum voltage regulator output
VMAX PU Maximum voltage regulator output
KPA PU \Voltage regulator proportional gain
VRMIN PU Minimum voltage regulator output
VRMAX PU Maximum voltage regulator output
KH PU High-value gate feedback gain
KL PU Low-value gate feedback gain
TC PU Regulator lead time constant
TB Seconds Regulator lag time constant
KIA PU \Voltage regulator integral gain
TIA Seconds Feedback time constant
OEL enum OEL input selector (OELin). Typical Value = noOELinput
lUEL enum UEL input selector (UELIn). Typical Value = noUELinput
Notes

Equivalent model in CIM/ICGMES:
- EXCIEEEST7B
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EXCITER - URSTS5T

IEEE Proposed/Modified Type ST5B Excitation System

WREF WP ES

SUEL
+ . WRMAXIKR WRMAXIKR WRMAK YRMAKAT

YT 1 W 2 L H Ly Vi ot W | 1+ TCl | WE | 1+ sTC2 | Ve W7 1

ey GATE [ 4] GATE Trsam | 1rstez| ] R T et
WRMINSKR VRMINKR WRMIN WRMINAT

WOEL
Parameters
NAME Type Description

TR Seconds Filter time constant

TC1 Seconds Regulator time constant

TB1 Seconds Regulator time constant

TC2 Seconds Regulator time constant

TB2 Seconds Regulator time constant

KR PU Regulator constant gain

VRMAX PU Maximum voltage regulator output

VRMIN PU Minimum voltage regulator output

T1 Seconds Regulator time constant

KC PU Rectifier regulation factor

Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - TYPE 1

Excitation system with DC commutator exciter.
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VRM AX
YC 1 T+s5TC | W3 A 1 EFD
T | T eTR 1+sTB o1+ sTA ¥ TSoTE >
WRMIN
WREF
VX=EFD-SE{ EFDjle
V5
KE [
VF SKF
1+5-TF
E e
Parameters
NAME Type Description
SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).
SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT
SW2 Boolean Switch Control (see block diagram):
0 = Switch B is closed
1 = Switch Ais closed
TR Seconds Filter time constant
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
VRR PU Initial value of VR. Signal. (see block diagram)
-If VR is given, then in the initiation of the exciter parameter KE
is calculated during the initialization.
-If VR is not given then parameter KE must be given.
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF PU Rate feedback gain
TF Seconds Rate feedback time constant
UEMAX PU Maximum controller output
lUEMIN PU Minimum controller output
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VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance

SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

Notes

If VRMAX and VRMIN equal O:
- VRMAX = (KE + SEMAX) - UEMAX

- VRMIN = (KE + SEMIN) - UEMIN

If UEMAX equal O:
- UEMAX = VRMAX / (KE+SEMAX)

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - TYPE 12
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Excitation system with alternator rectifier exciter.

WO 1
1+ 2TR

Y3 VP | Ly + W KA,
aare e

WRMAK sl

EFD

W PIN -
WAMIN
WOEL

WF sHF vi [ ]
1+sTF Iﬂl
Parameters
NAME Type Description
SWF Integer Schitch control:
1 = “Sef” Saturation function = 0
2 = “Sef” Saturation function = SE
TR Seconds Filter time constant
KA PU Gain
TA Seconds Time constant
TE Seconds Exciter time constant, integration rate associated with exciter
control
KF PU Rate feedback gain
TF Seconds Rate feedback time constant
KP PU Gain
VPMAX PU Maximum controller output
VPMIN PU Minimum controller output
UEMAX PU Maximum field voltage
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance
SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance
Notes
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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The ASEA excitation system with potential source controlled rectifier exciter.

IR
WPEE 1 Nl
WUEL YT
: WEMAR L WM T A VEMAK!
Ve +18 vl - P EVATE - lé\jkTE 55 V3 /_ EFD_
e ’—‘ U W EMIN
WOEL
VREF

Parameters

NAME Type Description
SWPS Boolenr Switch Control:

0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT

TR Seconds Filter time constant
KP PU Gain
VPMAX PU Maximum controller output
VPMIN PU Minimum controller output
UEB PU Only used in SIMPOW. (See Manual)
uUiD PU Only used in SIMPOW. (See Manual)
Tl Second Intergral time constant
VIMAX PU Maximum controller output
VIMIN PU Minimum controller output
UEMAX PU Maximum controller output
lUEMIN PU Minimum controller output
Notes

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER - TYPE 4

Excitation system with DC generator commutator exciter and non-continuously acting
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regulators.
YHER
. VRMAX
- Y g VR1 oy VR, V2 1 EFD

e @ o > KE + 5-1E i

YRMIN
W
VRMAX VRMAX SE e
o Ky ‘ r VR2
v
VRMIN YEMIN
Parameters
NAME Type Description

SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).

TRH Second Rheostat travel time

KV PU Fast raise/lower contact setting

KE PU Exciter constant related to self-excited field

TE Second Exciter time constant, integration rate associated with exciter
control

UEMAX PU Maximum voltage regulator output

UEMIN PU Minimum voltage regulator output

VRMAX PU Maximum voltage regulator output

VRMIN PU Minimum voltage regulator output

SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance

SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

Notes

If VRMAX and VRMIN equal O:
- VRMAX = (KE + SEMAX) - UEMAX

- VRMIN = (KE + SEMIN) - UEMIN

If UEMAX equal O:
-  UEMAX = VRMAX / (KE+SEMAX)
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1) Actioneering circuit (see block diagram)

NEPLAN

Smarter Tools

lif VR2 =0 VR = VR1

lif VR2 # 0 VR = VR2

The signal VR2 is calculated according to the value of AV, as follows:

If -KV < AV < KV then V2=0
If AV < -KV then V2 = VRMIN
If AV > KV then V2 = VRMAX
Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER - Type ST2
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Excitation system with DC commutator exciter.

W 1

/K
W1o- W2 RY]
>

YPES

1 1+sTR

—kP/WMN

W REF

WF siF
1+ sTF
1 2
W RMAX UERAX
1M B A '
1 +5Tc | ¥ v KA, VR T 5 B w7 1 EFD
T TR THsTA KE+ oTE "
+  WEMIN
WRMIN UEMIN
VB
e : LvE
T VE = |[KP(VDAV Q) KD+ Q) | T

N

KCAIFD

iFo—» E
Parameters
NAME Type Description

SW Boolean Defaut value =0
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal VR1 is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal VR1 is at limit).

SW1 Boolean 0 = Limit UEMAX/UEMIN is valid
1= Limit VBMAX/VBMIN is valid

FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD

TR Seconds Filter time constant

TC Seconds Regulator time constant

TB Seconds Regulator time constant

KJ Regulator gain

KA PU Regulator gain

TA Seconds Regulator time constant

KP PU Potential circuit gain coefficient

K1 PU Potential circuit gain coefficient

ke PU Rectifier loading factor proportional to commutating reactance

KE PU Exciter constant related to self-excited field

TE PU Exciter time constant, integration rate associated with exciter
control

KF PU Excitation control system stabilizer gains

TF PU Excitation control system stabilizer time constant

UEMAX PU Maximum voltage regulator outputs

UEMIN PU Minimum voltage regulator outputs

VIMAX PU Maximum voltage regulator outputs
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\VIMIN PU Minimum voltage regulator outputs
VRMAX PU Maximum voltage regulator outputs
VRMIN PU Minimum voltage regulator outputs
VBMAX PU Maximum voltage regulator outputs
\VBMIN PU Minimum voltage regulator outputs
Notes

VT and IT definition:

VT The bus voltage, p.u. (= VD +jVQ)

IT The stator current, p.u. (= 1D +jIQ)

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model

NEPLAN AG Oberwachtstrasse 2 CH 8700 Kisnacht ZH ~ www.neplan.ch

Phone +41 44 914 36 66 Fax +41 44 99119 71

157




EXCITER - Type ST3 (SCRX MODIFIED)
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For this exciter, please take in consideration the information about the model EXCITER ST3.

Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER- Type W

A sinusoidal variation as a function of time with arbitrary amplitude and frequency is
superimposed on the initial field voltage EFDy.

EFD=EFD, + > (A -sin(2-z-F, -t+Fl,))

Parameters
NAME Type Description
N Integer See above equation. (In Neplan Nmax = 10)
A PU Amplitude. N values must be given
F Hz Frequency Hz. N values must be given.
[F1 degrees Angle. N values must be given.
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER- Type WA

Excitation system involving field controlled DC exciters, or field-controlled rotating alternator-
rectifiers, with or without self-excitation.

YEMAX
Vi 1 1+sTC |V3 KA VR . V4 1 EFD
— - >
1+ &TR 1+57TB 1+ 574 KE + 5+TE
WRMIN -
VR EF
AL SE [
vF SHF (1 +5.TF3)
fp———————
1+ =TF1)1+ s-TF2)
E e
Parameters
NAME Type Description
SW Boolean Switch Control:

0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).

1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).

SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT

SW2 Boolean Switch Control (see block diagram):
0 = Switch B is closed
1 = Switch A is closed

TR Seconds Filter time constant

KA PU Gain

TA Seconds Time constant

TB Seconds Time constant

TC Seconds Time constant

VR PU Initial value of VR signal in p.u. See block diagram.

-IF VR or KE is set to zero: KE will automatically be calculated,
such that the initial conditions are fulfilled with given value for
VR.

-Otherwise, if both values are different from zero, the initial
value for VR will automatically be calculated, such that the
initial conditions are fulfilled with given value for KE.

KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
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lUEMAX PU Maximum field voltage

UEMIN PU Minimum field voltage

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance

SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

KF PU Feedback gain

TF1 Seconds Feedback Time constant

TF2 Seconds Feedback Time constant

TF3 Seconds Feedback Time constant

Notes

If VRMAX and VRMIN equal 0:
- VRMAX = (KE + SEMAX) - UEMAX

- VRMIN = (KE + SEMIN) - UEMIN

If UEMAX equal O:
- UEMAX = VRMAX / (KE+SEMAX)

Saturation:

See the paragraph Saturation in exciter controller.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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Excitation system involving field controlled DC exciters with continuously acting regulators
whose output limits may be chosen to be dependent on synchronous machine terminal
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voltage.
VR MAX! WIJEL
WC 1 1+s5TC E' KA YR L: H EFD .
1+ 5TR 1 +sTB 1+5TA GATE v
WRMIN
WREF
WF S kF
1+3TF
Parameters
NAME Type Description
SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).
SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT
TR Seconds Filter time constant
KA PU Gain
TA Seconds Time constant
TB Seconds Time constant
TC Seconds Time constant
VB PU Initial value of VB signal in p.u. See block diagram.
-IF VB or KE is set to zero: KE will automatically be calculated,
such that the initial conditions are fulfilled with given value for
VB.
-Otherwise, if both values are different from zero, the initial
value for VB will automatically be calculated, such that the
initial conditions are fulfilled with given value for KE.
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
UEMAX PU Maximum field voltage
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
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SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance

SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

KF PU Feedback gain

TF Seconds Feedback Time constant

Notes

Saturation:

See the paragraph Saturation in exciter controller

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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Excitation system with alternator rectifier exciter.

1+ =TC

L

1+ =TH

GATE

P F
WOEL
WF sHF T IFD
1+ TF
Parameters
NAME Type Description
TR Seconds Filter time constant
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
VR PU Initial value of the VR signal. p.u. If VR is given ,the parameter
KE is calculated so that the initial conditions are fulfilled. If VRR
is NOT given, then KE may be given.
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
VEMAX PU Maximum controller output
VEMIN PU Minimum controller output
KF PU Feedback gain
TF Seconds Feedback Time constant
KC PU Demagnetizing factor, a function of exciter alternator
reactances
KD PU Exciter constant related to self-excited field
VEL PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined
SE1 PU Exciter saturation function value at the corresponding exciter
voltage, VE1, back of commutating reactance
SE2 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of VE1, back of commutating reactance
FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD
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Notes

FEX:
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See the paragraph General/ Rectifier Regulation Characteristic according to FMOD.

Saturation:
See the paragraph Saturation in exciter controller

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER- Type WD

Excitation system involving DC-generator-commutator exciters, with or without self-excitation,
and with a separate field incorporating a motor operated rheostat for slowly correcting small
errors and field contacts which force more rapid response to large errors.

WP S5

. VRMA X'
1 - \ X 1 YR 1) . YR 4 V! 1 EFD
e r— > » > >
1 +3.TR ‘/ 5 TRH KE +sTE
3
YREF WRMIN i
b SE
VRMAR W RMAK!
Ky ‘ r W2
RS
WRMIN WRMIN
5-KF

1+ & TF

Parameters

NAME Type Description

SW Boolean Switch Control:

0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).

1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).

SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT

TR Seconds Filter time constant

TRH Seconds Rheostat travel time

KV PU Fast raise/lower contact setting

VR PU Initial value of VR signal in p.u. See block diagram.

IF VR or KE is set to zero: KE will automatically be calculated,
such that the initial conditions are fulfilled with given value for
VR.

Otherwise, if both values are different from zero, the initial
value for VR will automatically be calculated, such that the
initial conditions are fulfilled with given value for KE.

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

UEMAX PU Maximum field voltage

UEMIN PU Minimum field voltage

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output
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SEMAX PU Exciter saturation function value at the corresponding exciter
voltage, UEMAX, back of commutating reactance

SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

KF PU Feedback gain

TF Seconds Feedback Time constant

Notes

1) Auctioneering circuit (See block diagram)

lif VR2 =0 VR = VR1

lif VR2 # 0 VR = VR2

The signal VR2 is calculated according to the value of AV, as follows:

If -KV < AV < KV then VR2=0
If AV <-KV then VR2 = VRMIN
If AV > KV then VR2 = VRMAX
Note:

If VRMAX and VRMIN equal O:
- VRMAX = (KE + SEMAX) - UEMAX

- VRMIN = (KE + SEMIN) - UEMIN

If UEMAX equal O:
- UEMAX = VRMAX / (KE+SEMAX)

Saturation:
See the paragraph Saturation in exciter controller

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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Excitation system involving compound source controlled rectifier exciters.

VM Y = KV (VD + [VQ) + K (D + 1Qy | [f T

T
VREMAX
YEM AKX
Wi 1 WA VR VB V3 1 EFD
1+ 5TR T+sTA KE +sTE "
YEMIMN
YREMIN
WREF WA
SE
WE s
(1 +5TE)(1+ sTFZ)
Parameters
NAME Type Description

SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).

TR Seconds Filter time constant

KA PU Gain

TA Seconds Time constant

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

KV PU \Voltage gain

Kl PU Current gain

VBMAX PU Maximum controller output

\VBMIN PU Minimum controller output

VB PU Initial value of VB signal in p.u. See block diagram.
IF VB or KE is set to zero: KE will automatically be calculated,
such that the initial conditions are fulfilled with given value for
VB.
Otherwise, if both values are different from zero, the initial
\value for VB will automatically be calculated, such that the
initial conditions are fulfilled with given value for KE.

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

SEMAX PU Saturation Se at VE = VBMAX / (KE+SEMAX)

SE75 PU Saturation Se at VE = 0.75 - VBMAX / (KE+SEMAX)
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KF PU Feedback gain

TF1 Seconds Feedback Time constant
TF2 Seconds Feedback Time constant
Notes

Saturation:

See the paragraph Saturation in exciter controller

Equivalent model in CIM/CGMES:

- No CIM/CGMES model
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High initial response excitation system with non-controlled rectifier.

Parameters
NAME Type Description

TR Seconds Filter time constant

TC Seconds Time constant

TB Seconds Time constant

KA PU Gain

TA Seconds Time constant

VAMAX PU Maximum controller output

VAMIN PU Minimum controller output

VR PU Initial value of the VR signal. p.u. If VR is given ,the parameter
KE is calculated so that the initial conditions are fulfilled. If VRR
is NOT given, then KE may be given.

KH PU Gain

KX PU Limiter gain

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

VEMIN PU Minimum controller output

KL PU Factor for VEMAX calculation (see note)

KB PU Factor for VEMAX calculation (see note)

VLR PU Factor for VEMAX calculation (see note)

KF PU Feedback gain

TF Seconds Feedback Time constant

KC PU Demagnetizing factor, a function of exciter alternator
reactances

KD PU Exciter constant related to self-excited field

VEL PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Saturation Se at VE = VE1

SE2 PU Saturation Se at VE = 0.75-VE1

FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD
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Notes

VLR-KL-KB KD-IFD

VEMAX:  VEMAX = -
(1+ KL-KBYKE +SE) KE +SE

FEX:
See the paragraph General/Rectifier Regulation Characteristic according to FMOD.

Saturation:
See the paragraph Saturation in exciter controller

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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High initial response excitation system with non-controlled rectifier.

Parameters
NAME Type Description

TR Seconds Filter time constant

TC Seconds Time constant

TB Seconds Time constant

KA PU Gain

TA Seconds Time constant

VAMAX PU Maximum controller output

VAMIN PU Minimum controller output

VR PU Initial value of the VR signal. p.u. If VR is given ,the parameter
KE is calculated so that the initial conditions are fulfilled. If VRR
is NOT given, then KE may be given.

KH PU Feedback gain

KX PU Limiter gain

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

VEMAX PU Maximum controller output

VEMIN PU Minimum controller output

KL PU Feedback gain

KB PU Gain

VLR PU \Voltage limiter

KF PU Feedback gain

TF Seconds Feedback Time constant

KC PU Demagnetizing factor, a function of exciter alternator
reactances

KD PU Exciter constant related to self-excited field

VEL PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Saturation Se at VE = VE1

SE2 PU Saturation Se at VE = 0.75-VE1
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FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD

Notes

Saturation:
See the paragraph Saturation in exciter controller

FEX:
See the paragraph General/Rectifier Regulation Characteristic according to FMOD.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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Excitation system with alternator supplied controlled rectifier exciter.
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VPSS
+ VIMAX VRMAX-KC-IFD

Ve 1 V1 - 5 VI | 1+sTC | V3 KA |v4 EFD_

1+sTR 1+sTB 1+sTA -
+ VIMIN VRMIN-KC IFD
VREF
Parameters
NAME Type Description

TR Seconds Filter time constant

VIMAX PU Maximum controller output

VIMIN PU Minimum controller output

TC Seconds Time constant

TB Seconds Time constant

KA PU Gain

TA Seconds Time constant

VRMAX PU Maximum controller output

VRMIN PU Minimum controller output

KC PU Limiter gain

Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER- Type WH

Excitation system with alternator rectifier exciter.

i pt=t=1
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WA A WVEN A
L 1+19_|-R 11:9;;5 E. 1+K2TA WA, k-|—|— YR, Zr/ W4 S:;E WE _@ EFD
VAMIN ) YEM IN= YL 1§ FEX FB¢
L]
IFD
N kM
AL S RF/_’ .
1+s5TF co
Parameters
NAME Type Description
TR Seconds Filter time constant
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
VAMAX PU Maximum controller output
VAMIN PU Minimum controller output
VR PU Initial value of the VR signal. p.u. If VR is given ,the parameter
KE is calculated so that the initial conditions are fulfilled. If VRR
is NOT given, then KE may be given.
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
VEMAX PU Maximum controller output
VLV PU \Voltage limiter
KR PU Feedback gain
[EFDN PU Field voltage limit for feedback change
IKF PU Feedback gain 1
KN PU Feedback gain 2
TF Seconds Feedback Time constant
KLV PU Only used in SIMPOW. Simpow Manual is not clear about the
use of this parameter
KC PU Demagnetizing factor, a function of exciter alternator
reactances
KD PU Exciter constant related to self-excited field
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VE1 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Saturation Se at VE = VE1

SE2 PU Saturation Se at VE = 0.75-VE1

FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD

Notes

Saturation:
See the paragraph Saturation in exciter controller

FEX:
See the paragraph General/Rectifier Regulation Characteristic according to FMOD.

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER- Type WHA

Excitation system with alternator rectifier exciter.

VPSS

1+ TR

WREF

]
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1+sTC | M2

1+3.TH

rp——2)
VAN X VEMAK,
Hy W W i m\m + m v | VE /_\ EFD
GATE 1+ 5TA '\/‘ k/ TE
VEMIN i VEMINE WL/ FEX f—

B

WF

WH KE

1+ 5. TF

Parameters
NAME Type Description

TR Seconds Filter time constant

TC Seconds Time constant

TB Seconds Time constant

KA PU Gain

TA Seconds Time constant

VAMAX PU Maximum controller output

VAMIN PU Minimum controller output

VR PU Initial value of the VR signal. p.u. If VR is given ,the parameter
KE is calculated so that the initial conditions are fulfilled. If VRR
is NOT given, then KE may be given.

KE PU Exciter constant related to self-excited field

TE Seconds Exciter time constant, integration rate associated with exciter
control

VEMAX PU Maximum controller output

VEMIN PU Minimum controller output

VLV PU \Voltage limiter

KLV PU Feedback gain

KR PU Feedback gain

[EFDN PU Field voltage limit for feedback change

IKF PU Feedback gain 1

KN PU Feedback gain 2

TF Seconds Feedback Time constant

KC PU Demagnetizing factor, a function of exciter alternator
reactances

KD PU Exciter constant related to self-excited field
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VE1 PU Exciter alternator output voltages back of commutating
reactance at which saturation is defined

SE1 PU Saturation Se at VE = VE1

SE2 PU Saturation Se at VE = 0.75-VE1

FMOD Integer See the paragraph General/Rectifier Regulation Characteristic
according to FMOD

Notes

Saturation:
See the paragraph Saturation in exciter controller

FEX:
See the paragraph General/Rectifier Regulation Characteristic according to FMOD.

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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EXCITER- Type WI

Excitation system involving DC-generator-commutator exciters, with or without self-excitation,
and with a separate field incorporating a motor operated rheostat for slowly correcting small
errors and field contacts which force more rapid response to large errors.

WP S5
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VR MAX
K
Ve 1 W2 W3 1 YR ) VR 4 4 1 EFD .
1 +35-TR 3TRH KE +3TE
WRMIN'
VREFR R S RMAX = SE o
w | [
‘ Ky
VRMIN'| VRMIN®
Parameters
NAME Type Description
SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).
SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT
TR Seconds Filter time constant
TRH Seconds Rheostat travel time
KV PU Fast raise/lower contact setting
VR PU Initial value of VR signal in p.u. See block diagram.
IF VR or KE is set to zero: KE will automatically be calculated,
such that the initial conditions are fulfilled with given value for
VR.
Otherwise, if both values are different from zero, the initial
value for VR will automatically be calculated, such that the
initial conditions are fulfilled with given value for KE.
KE PU Exciter constant related to self-excited field
TE Seconds Exciter time constant, integration rate associated with exciter
control
UEMAX PU Maximum voltage regulator output
UEMIN PU Minimum voltage regulator output
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
SEMAX PU Exciter saturation function value at the corresponding exciter

voltage, UEMAX, back of commutating reactance
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SE75 PU Exciter saturation function value at the corresponding exciter
voltage, 75% of UEMAX, back of commutating reactance

Notes

1) Auctioneering circuit (see block diagram)

lif VR2 =0 VR = VR1

lif VR2 # 0 VR = VR2

The signal VR2 is calculated according to the value of AV, as follows:

If -KV < AV < KV then VR2=0
If AV <-KV then VR2 = VRMIN
If AV > KV then VR2 = VRMAX

If VRMAX and VRMIN equal 0:
- VRMAX = (KE + SEMAX) - UEMAX

- VRMIN = (KE + SEMIN) - UEMIN

If UEMAX equal O:
- UEMAX = VRMAX / (KE+SEMAX)

Saturation:
See the paragraph Saturation in exciter controller

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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Excitation system with potential source controlled rectifier exciter.

VPSS
VRMAX
VT-UEMAX-KC-IFD
vVC 1 1+sTC | V3 KA V4 EFD
1+sTR 1+sTB 1+s.TA i
VT-UEMIN-KC- IFD
VRMIN
s-KF
1+sTF
Parameters
NAME Type Description
TR Seconds Filter time constant
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
KF PU Feedback gain
TF Seconds Feedback time constant
UEMAX PU Maximum controller output
IUEMIN PU Minimum controller output
IKC PU Limiter gain
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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Excitation system with potential source controlled rectifier exciter.

VPSS

V T-VRMAX-KCIFD

Ve 1 1+sTC | v3 KA V4 EFD
1+sTR 1+sT8B M 1+sTA >
VT VRMINKC IFD
sKF

1+5TF |

Parameters
NAME Type Description

TR Seconds Filter time constant
VIMAX PU Maximum controller output
VIMIN PU Minimum controller output
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
KF PU Feedback gain
TF Seconds Feedback time constant
UEMAX PU Maximum controller output
UEMIN PU Minimum controller output
ke PU Limiter gain
Notes

Equivalent model in CIM/ICGMES:

- No CIM/CGMES model
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NEPLAN

Smarter Tools

EXCITER- Type WKA

Excitation system with potential source controlled rectifier exciter.

VREF VPSS
+ WA A + WRM AKX
Wi 1 Wl o- W2 Wl 1+sTC | va KA W+ W WG EFD
1+ sTR > T+sTB T+ 5TA KC >
_OWIMIT W RMIN
WE s F
1+ 5Tk
Parameters
NAME Type Description

TR Seconds Filter time constant
VIMAX PU Maximum controller output
VIMIN PU Minimum controller output
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
KC PU Output gain
KF PU Feedback gain
TF Seconds Feedback time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
Notes

Equivalent model in CIM/ICGMES:
- No CIM/CGMES model
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EXCITER- Type WP

NEPLAN

Smarter Tools

Excitation system involving controlled-rectifier exciters energized from a potential source only.

VPSS
VRMAX
VC 1 V2 KA EFD_
1+ sTR 1+sTA -
VRMIN’
VF s-KF
1+sTF
Parameters
NAME Type Description
SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).
SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT
TR Seconds Filter time constant
KA PU Gain
TA Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
KF PU Feedback gain
TF Seconds Feedback time constant
Notes

Equivalent model in CIM/ICGMES:

- No CIM/CGMES model
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EXCITER- Type WQ

NEPLAN

Smarter Tools

Excitation system where stabilization is accomplished by means of a forward-path lead-lag
transfer function rather than by a damping feedback loop.

VPSS
VRMAX
VIMAX
VC 1 V2 V3 | 1+sTC | V4 KA EFD_
1+ s5-TR 1+s5TB 1+sTA "
VIMIN
VRMIN’
VREF
Parameters
NAME Type Description
SW Boolean Switch Control:
0 = The regulator is of non-windup type (i.e. the internal signals
in the regulator are also limited when the output signal EFD is
at limit).
1 = The regulator is of windup type (i.e. the internal signals are
not limited when the output signal UF is at limit).
SW1 Boolean Switch Control:
0 = VRMAX'=VRMAX / VRMIN' =VRMIN
1 = VRMAX'=VRMAX - VT / VRMIN' =VRMIN - VT
TR Seconds Filter time constant
VIMAX PU Maximum controller output
VIMIN PU Minimum controller output
TC Seconds Time constant
TB Seconds Time constant
KA PU Gain
TA Seconds Time constant
VRMAX PU Maximum controller output
VRMIN PU Minimum controller output
Notes

Equivalent model in CIM/CGMES:
- No CIM/CGMES model
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