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Annex A

61400-21 © IEC:2008

(informative)

Sample report format

This sample report format gives a suggested format for reporting the results of tests for
characterizing the power quality parameters of a wind turbine. The assessor should fill in
the empty tables and insert graphics at the Figure captions.

REPORT ON RESULTS OF WIND TURBINE POWER QUALITY TESTS

The reported characteristics are valid for the specific configuration of the assessed wind
turbine type only. Other configurations, including altered control parameters, that cause the
wind turbine to behave differently with respect to power quality, require separate assessment.

Name of test organization

-

Report number

Wind turbine type designation

Wind turbine manufacturer

Serial number of wind turbine tested

The wind turbine identified above has been tested in accordance with |IEC 61400-21. General

wind turbine data are given below:

Wind turbine type (horizontal/vertical axis)

Number of blades

Rotor diameter (m)

Hub height (m)

Blade control (pitch/stall)

Speed control (fixed/two-speed/variable)

Generator type and rating(s) (kW)

Frequency converter type and rating (kVA)

Reactive compensation type and rating (kvar)

Transformer ratio and rating (kVA)

Identification of wind turbine terminals

This test report is accompanied by the documents specified below.

Type of information

Document name and date

Description of the tested wind turbine,
including settings of the relevant control
parameters

Description of test site and grid connection

Description of test equipment

Description of test conditions

Note of exceptions to IEC 61400-21
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Author

Checked

Approved

Date of issue

Characteristic parameters that are determined otherwise than outlined in IEC 61400-21 are
marked. This includes parameters that are calculated instead of measured. The document(s)
with exceptions to IEC 61400-21 describes the alternative procedure(s) that has been applied.

The resulting characteristic parameters are stated below.

A.1  Wind turbine rated data at terminals

Rated power, P, (kW)

Rated wind speed, v, (m/s)

Rated apparent power, S,, (kVA)

Rated current, I, (A)

Rated voltage, U, (V)

Rated frequency, f, (Hz)

A.2 Voltage fluctuations.

A.2A Continuous operation

The operational mode of the wind turbine during the test was:

Reactive set-point control, Q =0

Other mode:
Network impedance phase angle, ¥ (°) 30 50 70 85
Annual average wind speed, v, (m/s) Flicker coefficient, c(¥,v,)
6,0
7,5
8,5
10,0

A.2.2 Switching operations

The operational mode of the wind turbine during the test was:

Reactive set-point control, Q=0

Other mode:
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Case of switching operation

Start-up at cut-in wind speed

Max number of switching operations, N4,

Max number of switching operations, N;,q,

Network impedance phase angle, ¥ (°)

30

50

70

85

Flicker step factor, k¢ )

Voltage change factor, & (y4)

Case of switching operation

Start-up at rated wind speed or higher

Max number of switching operations, N,

Max number of switching operations, N5y,

Network impedance phase angle, y (°)

30

50

70

85

Flicker step factor, k(¥ )

Voltage change factor, k()

Case of switching operation

Worst case switching between generators

Max number of switching operations, Ny,

Max number of switching operations, Nyog,

Network impedance phase angle, ¥ (°)

30

50

70

85

Flicker step factor, kq( y;)

Voltage change factor, k()

A.3 Current harmonics, interharmonics and higher frequency components

The emission of current harmonics, interharmonics and higher frequency components from
the wind turbine is specified for in percent of I, for operation of the wind turbine within the

power bins 10, 20, ..., 100 % of P,,.

The operational mode of the wind turbine during the test was:

Reactive set-point control, Q=0

Other mode:
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A.3.1

Harmonics
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Pain (%)
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Iy (%)
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A.3.2 Interharmonics

Puin (%) 0 10 20 30 40 50 60 70 80 90 100

f I (%) | (%) | (%) | W(%) | W{%) | h(%) | Wi%) | h(%) | W{%) | hW(%) | h(%)
(Hz)

75/90

125/150

175/210

228/270

275/330

325/390

375/450

425/510

475/570

525/630

5751690

625/750

675/810

725/870

775/930

825/990

875/1050

925M1110

975M170

1025/1230

1075/1290

1125/1350

1175/1410

1225/1470

1275/1530

1325/1590

1375/1650

1425/1710

1475/1770

1525/1830

1575/1890

1625/1950

1675

1725

1775

1825

1875

1925

1975
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A.3.3 Higher frequency components

Puin (%) 0 10 20 30 40 50 60 70 80 90 100

f W(%) | h(%) | W(%) | & (%) | W(%) | (%) | W(%) | W(%) | h(%) | (%) | k(%)
{kHz)

2.1

2,3

2,5

2,7

2,9

3.1

3.3

3,5

3,7

3,9

4.1

4,3

4,5

4,7

4,9

5.1

5,3

5,5

57

59

6,1

6,3

6,5

6,7

6,9

7.1

7,3

7.5

7.7

7.9

8.1

8,3

8,5

8,7

8,9
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A.4 Response to voltage drops

Wind turbine operational mode:

Test conditions:

Figure A.1 Time-series of measured voltage drop when the wind turbine under test
connected. Case VD1-VD6.

Test results for operation at between 0,1P, and 0,3P:

Figure A.2a Time-series of measured positive sequence fundamental active power.

VD1-VD8.

Figure A.2b Time-series of measured positive sequence fundamental reactive power.

VD1-VD8.

Figure A.3a Time-series of measured positive sequence fundamental active current.

VD1-VD86.

Figure A.3b Time-series of measured positive sequence fundamental reactive current.

VD1-VD6.

is not

Case

Case

Case

Case

Figure A.4 Time-series of measured positive sequence fundamental voltage at wind turbine

terminals. Case VD1-VD6.

Test results for operation at above 0,9P,:

Figure A.5a Time-series of measured positive sequence fundamental active power.

VD1-VD6.

Figure A.5b Time-series of measured positive sequence fundamental reactive power
VD1-VDG6.

Case

. Case

Figure A.6a Time-series of measured positive sequence fundamental active current. Case

VD1-VDS.

Figure A.6b Time-series of measured positive sequence fundamental reactive current
VD1-VDB.

. Case

Figure A.7 Time-series of measured positive sequence fundamental voltage at wind turbine

terminals. Case VD1-VD86.

A.5 Active power

A.5.1 Maximum measured power

600 s average value

Measured value, Py, (kW)

Normalized value, pgoq = Pgoq / Py
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60 s average value

Measured value, Pg, (kW)

Normalized value, pgy = Pgq / P,

0,2 s average value

Measured value, Pj , (kW)

Normalized value, pg 5, = P 5/ P,

A.5.2 Ramp rate limitation

Wind turbine operational mode: Ramp rate limitation set to 10 % of rated power
per minute

Figure A.8a Time-series of available and measured active power output.
Figure A.8b Time-series of measured wind speed during the test.

A.5.3 Set-point control

Wind turbine operational mode: Active power set-point control mode

Figure A.9a Time-series of active power set-point values, available power and measured
active power output. :

Figure A.9b Time-series of measured wind speed during the test.

A.6 Reactive power

A.6.1 Reactive power capability

Wind turbine operational mode: Reactive power set-point control mode

Active power (% of rated)

Max inductive reactive power
{kvar)

Max capacitive reactive power
(kvar)

A.6.2 Set-point control

Wind turbine operational mode: Reactive power set-point control mode

Reactive power set point = 0 kvar:

Active power (% of rated)

Reactive power (kvar)
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Reactive power set point step change:

Figure A.9 Time-series of reactive power set-point values and measured reactive power.

Figure A.10 Time-series of active power during test (shall be approximately 50 % of rated).

A.7 Grid protection

Protection level

Disconnection time (s)

Set Measured

poi
nt

Set
point

Measured

Over-
voltage

Under-
voltage

Over-
frequency

Under-
frequency

A.8 Reconnection time

Duration of grid failure

10

1 min

10 min

Actual measured duration of grid failure (s)

Reconnection time (s)
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2H 5 h 4 g Tt (generator) 312 Sdc

* o {:, 7?’
i BT
BT A LA ol (S8 4T ) W4G2U
Wi R R E R
FRERTAE LR
H ook
w o/m-
P ¥
L
* 51§
%‘L‘QK? s CONs # Value Description
J Tiacma - Converter time constant for IQecmd
J+1 Tircma - Converter time constant for IPcmd
J+2 ViveLr . LVPL voltage 1 (Low voltage power logic)
J+3 Viver2. LVPL voltage 2
J+4 GuveL - LVPL gain
J+5 Vuvrer - HVRCR voltage (High voltage reactive current limiter)
J+6 CURkvrer- HVRCR current (Max. reactive current at VHVRCR)
J+7 Rip_veL - Rate of LVACR active current change
J+8 T weL . Valtage sensor for LVACR time constant
STATEs # Description
K Converter lag for lpcmd
K+1 Converter lag for Eqemd
K+2 Voltage sensor for LVACR
VARs # Description
L through
L+4 For Internal Use

3] > B W

g

WIQCMD 1 »  High Voltage
1+ 3T g Reactive Current
K+1 LOg'C
R vpL \ LVPL
5T Logic =
K
¥
LVPL Ve
T GuyeL
LVPL —1 |
1+ 8T (wpL
K+2
—y
Viveu Vv
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SR AL

CONs Value Description
J Tse. Filter time constant in Voltage regulator (sec)
J+1 Kev. Proportional gain in Voltage regulator (pu)
Ji2 Krv. Integrator gain in Voltage regulator (pu)
J+3 Kre. Proportional gain in Active Power regulator (pu)
J#d Kie. Integrator gain in Active Power regulator (pu)
J+5 K:. Rate feedback gain (pu)
J+6 T+ Rate feedback time constant (sec.)
J+T Chvpe. Max limit in Voltage regulator (pu)
J+a i - Min limit in Voltage regulator (pu)
J+9 IPmax- Max active current limit
J+10 Trv. Voltage sensor time constant
J+11 dPwx. Max limit in power Pl controller (pu)
J+12 dPwn-Min limit in power Pl controller (pu)
J+13 T_rower. Power filter time constant
J+14 Kai. MVARMNoltage gain
J+15 WancL. Min. voltage linit
J+16 WiaxcL- Max. voltage limit
JH17 Kan Voltage/MVAR Gain
J+18 Ty. Lag time constant in WindVar controller
J+19 Tg. Pelec filter in fast PF controller
J+20 ImaxTD . Converter current limit
J+21 Iphl.Hard active current limit
J+22 Ighl.Hard reactive current limit
J+23 Tigf. IQmax filter ime constant, sec
J+24 FRT_ Thres.Voltage Threshold for FRT activation (pu)
J+25 FRT_Hys.FRT De-activation Hysteresis (pu)
J+26 FRT_Droop. FRT Droop
J+27 FRT _lg_Gain.FRT Ig Gain
J+28 Max_FRT_lg.Max FRT Ig
J+29 I0Max_Factl. Factor 1 to adjust IOMX (pu)
J+30 IGMax_Fact?. Factor 2 to adjust IQMX (pu)
J+31 DC_Link_Droop  Voltage Drop in DC-Link cables (pu)
J+32 VinvMax0 . Maximum inverter no-load voltage (pu)
J+33 MNBR_X. Network bridge reactor reactance




STATEs # Description
K Filter in voltage regulator
K+1 Integrator in voltage regulator
K+2 Integrator in active power regulator
K+3 Active power regulator feedback
K+4 Voltage sensor
K+5 Power filter
K+6 MVARNTref integrator
K+7 Verror/Internal machine voltage integrator
K+8 Lag of the WindVar Controller
K+9 Input filter of Pelec for PF fast Controller
K+10 |CQmax filter
VARs # Description
L Remote bus reference voltage
L+1 Q reference if PFAFLG=0 & VARFLG=0
L+2 PFangle reference if PFAFLG=1
L+3 Power reference
ICONs # Description
M Remote bus # for voltage control; 0 for local control
PFAFLG :
M+1 1 if PF fast control enabled
0 if PF fast control disablad
VARFLG :
1 if Qord is provided by WindVar
M+2 0 if Qord i1s not provided by WindVar
If VARFLG=PFAFLG=0 then Qord is provided as a
Qref=const
PQFLAG, P/Q prionty flag:
M+3 0 Q prionty
1 P priority
ﬁi‘ﬂl] = iﬂ:. ]%‘] VAR(L)
VAR(L +2) v
Paee ° PFAFLG =1 v
e ﬁG -0 e Converter Current Limiter
| V | is the local bus voltage ‘
if ICON(M) is zero; VAR(L + 3)
else it isvi:“ea;e;me bus l ) dPux X o




A B 4 19 248 (generator) #3]% i
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B hp SR
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EWpIn 521 rﬂjﬁé i3

B E
%&?Afﬂl*’ Value Description

Tigemd, Converter time constant for IQemd

Tipecmd, Converter time constant for IPcmd

KpLL, PLL gain

KipLL, PLL integrator gain

PLLmax, PLL max. limit

Prated

VvpL1, LVPL voltage 1 Low voltage power logic

VivpL2, LVPL voltage 2

GLypL, LVPL gain

CURRHvRcR, HVRC logic, current (pu)

Rip_LvpL, Rate of active current change

T_pypL, Voltage sensor for LVPL, second

T3] S

VyvrcRr, High Voltage Reactive Current (HVRC) logic, pu voltage

WEQCMD 1 -1 High Voltage
A -
1 + 8Tigema Xag Reactive Current
Logic
K=+1
\ T
Rip_LveL LVPL
e Low Voltage
WIPCMD * N/ 1 / Active Current
¥
- ST ipamd Logic —
R « —
A
Vr
LVPL 1
1+5T 1veL
K+4
PLLnax
Vivewr Viveez K+2 —
Kew
s
_
PL L PLLnax
+
Vi » Vy Keu ¥
T -/ ¢ + \_/_/ E »*
PLLun K+3 rd
Angle of Vr

if Kpp =0 and Kipy = 0
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CONs # Value Description
J Tsy, Filter time constant in voltage regulator (sec)

J+1 Kpv, Proportional gain in voltage regulator (pu)
J+2 Ky, Integrator gain in voltage regulator (pu)
J+3 Xe, Line drop compensation reactance (pu)
J+4 Trp. Filter time constant in torque regulator
J+5 Kpp, Proportional gain in torque regulator (pu)
J+6 Kip, Integrator gain in torque regulator (pu)
J+7 Pmx, Max limit in torque regulator (pu)
J+8 Ppns Min limit in torque regulator (pu)
J+9 Qmx, Max limit in voltage regulator (pu)
J+10 Qpn. Min limit in voltage regulator (pu)
J+11 IPpmax. Max active current limit
J+12 Try, Voltage sensor time constant
J+13 RPmx. Max power order derivative
J+14 RPpnN. Min power order derivative
J+15 T_power. Power filter time constant
J+16 Kqi» MVAR/Voltage gain
J+17 VmincL. Min voltage limit
J+18 VmaxcL, Max voltage limit
J+19 Kqv. Voltage/MVAR gain
J+20 X1Qpmin
J+21 XlQmax
J+22 Ty. Lag time constant in WindVar controller
J+23 Tp, Pelec filter in fast PF controller
J+24 Fn, A portion of online wind turbines
J+25 OPmin, Shaft speed at Pmin (pU)
J+26 ®P2og, Shaft speed at 20% rated power (pu)
J+27 ®P40, Shaft speed at 40% rated power (pu)
J+28 ®Pgp. Shaft speed at 60% rated power (pu)
J+29 Pmin. Minimum power for operating at ®P1gg speed (pu)
J+30 ®P10g, Shaft speed at 100% rated power (pu)




Pase

(P = 100%. weico)
(P = 60%, weea)

(P = 40%, oapa0)
(P = 20%, owezo)

(Prane 0Prsin)

VAR (L+1)

VARFLG =1

1+ SPEED

WEQCMD
-

IPax

WIPCMD
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R
b3 5
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Value Description
VW, Initial wind, pu of rated wind speed
H, Total inertia constant, sec
DAMP, Machine damping factor, pu P/pu speed
Kaero. Aerodynamic gain factor
Theta2, Blade pitch at twice rated wind speed, deg.
Hifrae, Turbine inertia fraction (Hturbe}1
Freq1, First shaft torsional resonant frequency, Hz
Dshaft. Shaft damping factor (pu)
A = A
Bl WPITCH | VAR(L+4)
From WT3P1
Model
VAR(L+3) :
Initial Pitch Angle W‘I’E(KH}
WAEROT
WTRBSP
3
K+1
+
@) g Kahat
5
’ K
SPEED E:;?;
* Deviation
O+
_ - K+3
e = Hx e SPEED,
Hg = H-H, VAR(L+1)
o 2H; x Hg x (27 x Freq1)®

Hxuwmg
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Value Description
Tp. Blade response time constant
Kpp. Proportional gain of Pl regulator (pu)
Kip, Integrator gain of Pl regulator (pu)
Kpe, Proportional gain of the compensator (pu)
Kic, Integrator gain of the compensator (pu)
TetaMin, Lower pitch angle limit (degrees)
TetaMax, Upper pitch angle limit (degrees)
RTetaMax, Upper pitch angle rate limit (degrees/sec)
Pmx, Power reference, pu on MBASE
ﬁti‘] RS > K RTetaMax TetaMax
| SPEED i

" Y - RTetaMax  TetaMin
WNDSP1
Pitch Control
bl Km:
WPCMND +
From
WT3E1 +
Model K. + j-
s
P _/
0 Non-windup limit

+ [
From i + B o 1
— Y -
WT3T1 + - T ST,
Model - Ke + 1. +4 - T =

= \WPITCH
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[ S Value Description

TlgCmd, Converter time constant for IQecmd, second

TlpCmd, Converter time constant for IPcmd, second

VLVPL1, Low voltage power logic (LVPL) voltage 1,
pu

VLVPLZ2, LVPL voltage 2, pu

GLVPL gain

VHVRCR, High voltage reactive current (HVRC) logic
voltage, pu

CURHVRCR, max. reactive current at VHVRCR, pu

Rip_LVPL, Rate of LVACR active current change

T_LVPL, voltage sensor for LVACR time constants
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Value

Description

Tw, Filter time constant in voltage regulator (sec(

Kpv, Proportionalgain in voltage regulator(pu)

Kiv, Integrator gain in voltage regulator (pu)

Kpp, Proportional gain in torque regulator (pu)

Kip, Integrator gain in torque regulator (pu

Kf, rate feedback gain (pu)

Tf, rate feedback time constant (sec.)

Qmx, Max limit in voltage regulator (pu)

Qmn, Min limit in voltage regulator (pu)

IPmax, Max active current limit (pu)

Trv, voltage sensor time constant (sec.)

dPMX, maximum power order rate (pu)

dPMN, minimum power order rate (pu)

Tpower, Power reference filter time constant, sec.

KQi, volt/Mvar gain

Vmincl, min. voltage limit

Vmaxcl, max. voltage limit

KVi, Int. volt/Term. voltage gain

Tv, Lag in WindVar controller (sec)

Tp, Pelec filter in fast PF controller (sec)

ImaxTD, Converter current limit (pu)

Iphl, Hard active current limit (pu)

Ighl, Hard reactive current limit (pu)

PMX, Max power from PV plant, MW
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Value Description

PDCMAX200, maximum power of
panel at an irradiance of 200 W/m2, pu
on PDCMAX1000 base

PDCMAX400, maximum power of
panel at an irradiance of 400 W/m2,
pu on PDCMAX1000 base

PDCMAX600, maximum power of
panel at an irradiance of 600 W/m2, pu
on PDCMAX1000 base

PDCMAX800, maximum power of
panel at an irradiance of 800 W/m2, pu
on PDCMAX1000 base

PDCMAX1000, maximum power of
panel at an irradiance of 1000 W/m2,
pu on PDCMAX1000 base




kR P R AR (irradiance profile) #-7] % %#k
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HBTEHE] | FPE] (GRS AT ) IRRAD
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FEET # Description

TIME1, Time of first data point, sec

| Value

IRRADIANCET1, Irradiance at first data point, W/m2

TIMEZ2, Time of second data point, sec

IRRADIANCEZ, Irradiance at second data point, W/m2

TIME3, Time of third data point, sec

IRRADIANCES3, Irradiance at third data point, W/m2

TIME4, Time of forth data point, sec

IRRADIANCE4, Irradiance at forth data point, W/m2

TIMES, Time of fith data point, sec

IRRADIANCES, Irradiance at fith data point, W/m2

TIMES, Time of sixth data point, sec

IRRADIANCES, Irradiance at sixth data point, W/m2

TIME7, Time of seventh data point, sec

IRRADIANCEY, Irradiance at seventh data point, W/m2

TIMES, Time of eigth data point, sec

IRRADIANCES, Irradiance at eigth at point, W/m2

TIMES, Time of ninth data point, sec

IRRADIANCES, Irradiance at ninth data point, W/m2

TIME10, Time of tenth data point, sec

IRRADIANCE10, Irradiance at tenth data point, WW/m2




4 i kg 2 ¥ (Generator) /%= % (Converter) #-7] % %¥#c

R
LR
B | ol (g heT) REGCAI
FREETH | LR
CRI
i E
miE GE" b L)
= 5§ Fl
%‘&g{? i ICON Value Description
M Lvplsw (Low Voltage Power Logic) switch (0: LVPL not present, 1:LVPL
present)
CONs Value Description
J Tg, Converter time constant (s)
J+1 Rrpwr, Low Voltage Power Logic (LVPL) ramp rate limit (puls)
J+2 Brkpt, LVPL characteristic voltage 2 (pu)
J+3 Zerox, LVPL characteristic voltage 1 (pu)
J+4 Lvpl1, LVPL gain (pu)
J+5 Volim, Voltage limit (pu) for high voltage reactive current manage-
ment
J+6 Lvpnt1, High voltage point for low voltage active current manage-
ment (pu)
J+7 LvpntO, Low voltage point for low voltage active current manage-
ment (pu)
J+8 lolim, Current limit (pu) for high voltage reactive current manage-
ment (specified as a negative value)
J+9 Tfltr, Voltage filter time constant for low voltage active current man-
agement (s)
J+10 Khv, Overvoltage compensation gain used in the high voltage reac-
tive current management
J+11 Igrmax, Upper limit on rate of change for reactive current (pu)
J+12 Igrmin, Lower limit on rate of change for reactive current (pu)
J+13 Accel, acceleration factor (0 < Accel <= 1)




W

Rate limits on reactive cument for recovery after fault.
Upvard limitis active when Qgeno > 0
Downwvard limit is active when Qgen, < 0

Lvplsw
0

LVPL

Lwpl1

Zerox

Qgens

\J

lgmax

High Voltage Reactive Cumrent Management
lacmd "
T+sTg
lolim
st
Igmin
Volim
LVPL & rpwr )
LowVoltage Active Current Management
Ipcmd 1 Ip
E—
1+sTg
s0
Gain
1
- > 14
1+sT fitr
2 0
Brkpt \"
Lypnt0 Lypnt1 V

Interface to Network Model
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ICONSs Value Description
M Bus number for voltage control: local control if 0
M+1 PFFLAG:

= 1 if power factor control

= 0 if Q control (which can be controlled by an external signal}

hM+2 VFLAG:
= 1if Q control
+ 0 if voltage control

M+3 QFLAG:
= 1 if voltage or Q control
= 0 if constant pf or Q control

h+4 PFLAG:
= 1 if active current command has speed dependency
« 0 for no dependency

M+5 PQFLAG, PIQ priority flag for current limit:
« O for Q priority
= 1 for P priority

CONSs Value Description

J Vdip (pu), low voltage threshold to activate reactive current injection
logic

J+1 Vup (pu), Voltage above which reactive current injection logic is ac-
tivated

J+2 Trv (s), Voltage filter time constant

J+3 dbd1 (pu), Voltage error dead band lower threshold (<0)

1+4 dbd2 (pu), Voltage error dead band upper threshold (=0)

J+5 Kgv (pu), Reactive current injection gain during over and undervolt-
age conditions

J+6 Igh1 (pu), Upper limit an reactive current injection lqinj

J+7 Iql1 (pu), Lower limit on reactive current injection lginj

J+8 VrefO (pu), User defined reference (if 0, model initializes it to initial
terminal voltage)

J+9 lgfrz (pu), Value at which Iqginj is held for Thid seconds following a
voltage dip if Thid > 0




CONs

Value

Description

J+10 Thid (s), Time for which Iginj is held at Igfrz after voltage dip returns
to zero (see Note 1)

J+11 Thid2 (s) (=0), Time for which the active current limit (IPMAX) is held
at the faulted value after voltage dip returns to zero

1412 Tp (s), Filter time constant for electrical power

1+13 OMax (pu), limit for reactive power regulator

J+14 QMin (pu) limit for reactive power regulator

J+15 VMAX (pu), Max. limit for voltage control

I+16 VMIN {(pu), Min. limit for voltage control

1+17 Kgp (pu), Reactive power regulator proportional gain

J+18 Kgi (pu), Reactive power regulator integral gain

1+19 Kvp (pu), Voltage regulator proportional gain

1+20 Kvi (pu), Voltage regulator integral gain

J+21 Vbias (pu), User-defined bias (normally 0)

1+22 Tig (s), Time constant on delay 54

1+23 dPmax (puls) (=0) Power reference max. ramp rate

1+24 dPmin (puls) (<0) Power reference min. ramp rate

1+25 PMAX (pu), Max. power limit

1+26 PMIN (pu), Min. power limit

1+27 Imax (pu), Maximum limit on total converter current

1+28 Tpord (s), Power filter time constant

1+29 Vg1 (pu), Reactive Power V-l pair, voltage

1+30 Ig1 (pu), Reactive Power V- pair, current

1+31 Vg2 (pu) (Vg2=Vq1), Reactive Power V-| pair, voltage

1+32 Ig2 (pu) (Ig2=Iq1), Reactive Power V-| pair, current

J+33 Vg3 (pu) (Vg3=Vq2), Reactive Power V-| pair, voltage

1+34 Ig3 (pu) (Ig3=Igq2), Reactive Power V-l pair, current

J+35 Vg4 (pu) (Vg4=Vq3), Reactive Power V- pair, voltage

1+36 Ig4 (pu) (Ig4=lgq3), Reactive Power V-l pair, current

J+37 Vp1 (pu), Real Power V-1 pair, voltage

J+38 Ip1 (pu), Real Power V-| pair, current

J+39 Vp2 (pu) (Vp2=Vp1), Real Power V-l pair, voltage

J1+40 Ip2 (pu) (Ip2=Ip1), Real Power V- pair, current

J+41 Vp3 (pu) (Vp3=Vp2), Real Power V-I pair, voltage

J+432 Ip3 (pu) (Ip3=Ip2), Real Power V-l pair, current

1+43 Vp4 (pu) (Vp4=Vp3), Real Power V-I pair, voltage

J+44 Ip4 (pu) (Ip4=Ip3), Real Power V-l pair, current
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l Q=0

Stayin state 2 for B

1 (VT < Vdip) or (Vi >Vup) Valtage_dip =1
clsa Valtage_dp =

S
Srata O - 1f Vokage_dip =0: normal oparation (| gny = 0}
Srate 1 -1 Vokaga_dip = 1: ignjgoasto postion 1

Sata 2 — 1 Thad > (; than after vokage_dip goes back to

zaro. setvalie 1o Igirz for Thid saconds. after
which go Back to state 0 = ~N
If Thid <0, then aftar valtage_dip returns 1 zero ~
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%}%F\ A ICONs Value Description
M Bus number for voltage control; local control if O
M+1 Monitored branch FROM bus number for line drop compensation (if
0 generator power will be used)
M+2 Monitored branch TO bus number for line drop compensation (if O
generator power will be used)
M+3 Branch circuit id for line drop compensation (enter in single quotes)
(if 0 generator power will be used)
M+ VC Flag (droop flag):
+ 0: with droop if power factor control
* 1:with line drop compensation
M+5 RefFlag (flag for V or Q control):
* 0: Q control
+ 1:voltage control
M+6 Fflag (flag to disable frequency control):
* 1: enable control
* 0: disable
CONs Value Description
] Tfltr, Voltage or reactive power measurement filter time constant (s)
141 Kp, Reactive power Pl control proportional gain (pu)
1+2 Ki, Reactive power Pl control integral gain (pu)
J+3 Tft, Lead time constant (s)
J+4 Tfv, Lag time constant (s)
J+5 Vfrz, Voltage below which State s2 is frozen (pu)
J+6 Rc, Line drop compensation resistance (pu)
1+7 X¢, Line drop compensation reactance (pu)
1+8 Kc, Reactive current compensation gain (pu)
1+9 emax, upper limit on deadband output (pu)
J+10 emin, lower limit on deadband output (pu)
J+11 dbd1, lower threshold for reactive power control deadband (<=0}
1+12 dbd2, upper threshold for reactive power control deadband (>=0)
J+13 Qmax, Upper limit on output of VIQ control (pu)
J+14 Qmin, Lower limit on output of VIQ control (pu)
1415 Kpg, Proportional gain for power control (pu)
l+16 Kig, Integral gain for power control (pu)




CONs Value Description
J+17 Tp, Real power measurement filter time constant (s)
J+18 fdbd1, Deadband for frequency control, lower threshold (specified
as per unit frequency deviation) (<=0)
J+19 fdbd2, Deadband for frequency control, upper threshold (specified
as per unit frequency deviation) (>=0)
J+20 femax, frequency error upper limit (pu)
J+21 femin, frequency error lower limit (pu)
1422 Pmax, upper limit on power reference (pu)
J+23 Pmin, lower limit on power reference (pu)
J+24 Tg, Power Controller lag time constant (s)
J+25 Ddn, reciprocal of droop for over-frequency conditions (pu)
J+26 Dup, reciprocal of droop for under-frequency conditions (pu)
TR - ,
o IV ReiXo) hana] VCFlag T + Freeze Sate 52
Vreg

Qoranch

Freq
(from PO '_O .

Plant_ref

fdbd1
fdbd2

:

Freq_ref

emax v
ldbd1 | [ Kn+ﬁ 1+ ST/, aref
dbd2 s
A 1+5T,
emin s2 s3
Qmin
Pmax
1
A g ]
s 1+ sTg o
e 6 0
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I B;’Zl’}v\”ﬁ LN PHAR T 69KV (72 ) U2 R R BRAE FUF[EAok - AT o
- 69KV (5) M2 Rl TRA L FUE
3 5 HlH I 3 5 ElE I AR A&
’Pb /ﬁ» Fé e @f’% /Pl» ’Pb /Pl» Pﬁx EN ey @’Pb /}9‘» ’% /ﬁ» Hﬁ T @’Pb /}i
h (%) h (%) h (%)
5 2.00 3 2.00 2 1.40
7 2.00 9 1.00 4 0.80
11 1.50 15 0.30 6 0.40
13 1.50 21 0.20 8 0.40
17 1.20 27 0.20 10 0.35
19 1.07 33 0.20 12 0.32
23 0.89 39 0.20 14 0.30
25 0.82 45 0.20 16 0.28
29 0.70 18 0.27
31 0.66 20 0.26
35 0.58 22 0.25
37 0.55 24 0.24
41 0.50 26 0.23
43 0.47 28 0.23
47 0.43 30 0.22
49 0.42 32 0.22
34 0.22
36 0.21
38 0.21
40 0.21
42 0.21
44 0.20
46 0.20
48 0.20
50 0.20
BIrRA R ERAESF (Vmip) "HEEZ 3% -
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