» Continental Europe Synchronous Area
Separation on 24 July 2021

ICS Investigation Expert Panel » Final Report » 25 March 2022
Annexes




Disclaimer

The following Final Report, concerning the system event
which occurred on 24 July 2021 in the Continental Europe
Synchronous Area, has been prepared and issued by the
Incident Classification Scale Investigation Expert Panel
andis based oninformation as known on 25 March 2022.
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INEXES

Annex 1 - LFDD Recordings
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Underfrequency Protection Evaluation - Sim.Nr. 1/18 [1]
Mogadouro PT: Station Y - Device Protection (WF): f< =49.50 Hz; UB/UN =0.70 [V8M5]
(File: 20210724 Portugal DG oscillography\20210724 Portugal DG _oscillography)

Start: 24/07/2021,16:36:38.746955 (+1:00:01); f_ = 1000 Hz Analog Voltage Signals

| T T \ | I T T T 1 T
150 LU L L 11
=~ 50 : HEEERE ' et - Hel e ' T 09 5
3 0 N 08 o
-50 B L _ A B L3 HRO7 S
100 . R . A . i | . SHbELEL . uon W os
-130 l l I l \ | \ | 1 | I I l l l u(pu)|—105
0 02 04 06 08 1 12 14 16 18 2 22 24 286 28 3 | =——- Uy
Analog Current Signals
1 T T T T \ | T T T T T T T T T
Losk I
= i
0 | | | | ! | ! | L | L | | | | i”
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 L3
Frequency Measurements: Protection (WF) and closest WAM(s)
50 T T T T T | \ | T T T T T T T T T
498 f(WF) -
496 ===~ f_(Setting WF)|_|
N 49.4 ——— (1) PT-Recarei | _|
N 49,
T 492 |
49 —
48.8 —— -
488 [ | | | | | | \ | L | L | | | | | -
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4
Binary Signals of Underfrequency Protection (2 int., 5/64 ext.)
Trip (WF) I o — ] ] R — — O . e Y . T — o
U-Block(WF) [
DISJ_ABT M e e e e e e e e e
DISI FCH| !
ARR_F<_F81 T T e e e e e e
DISP_F<_F81 e e 2 e o e ) T e e e e e e e o e e e
MS_EQUP : : ny : : ] : : : : : : : : : : :
A
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 34

|Trigger: 16:36:39.246 s
27.01.2022 21:22:19 / W. Fromm

Annex 1: COMTRADE measurement evaluation Mogadouro LFDD relay

AN

Y
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Underfrequency Protection Evaluation - Sim.Nr. 2/18 [2]
Fuentes Alcarria 400 kV: Station ZIV72289 - Device 21 Protection (WF): f_ = 48.70 Hz; U /U = 0.70 [V13M5]
(File: Alcohete 703_Guadalajara\2021-07-24T16_36_412.182000)
Start: 07/24/21,16:36:41.182000; f_ = 599 Hz

Analog Voltage Signals
150 ' '
100 /1.
= 50[L]
= ol
-100 | :
-150

|
0.4

Analog Current Signals
I I I I

L2
| | | \ | |

0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 L3)g

Frequency Measurements: Protection (WF) and closest WAM(s)
I I ]

50 I I I ] | H

498 f(WF) m
49.6 —-——— f_(Setting WF)

E 49.4 (5) ES-Carmona | _|
= 492 —
49
48.8
48.6

Trip (WF)

U-Block(WF)

Intensidad en direc. disparo neutro aislado
Salida unidad de subfrec.
Salida de disparo por protecciA®n
Entrada fA-sica 2 (Tarjeta 1)

|Trigger: 16:36:41.182 s
27.01.2022 21:22:23 /W. Fromm

u{p.u.)

Annex 2: COMTRADE measurement evaluation Fuentes Alcarria LFDD relay

6 // FinalReport // Continental Europe Synchronous Area Separation on 24 July 2021 // Annexes

<>



Underfrequency Protection Evaluation - Sim.Nr. 3/18 [3] )
Alarcos 220 kV: Station ZIV77207 - Device 35 Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V13M85]
(File: Alimuradiel 705_C Real\2021-07-24T16_36_40Z.548000)

Start: 07/24/21,16:36:40.548000; f =599 H
a ' ' ‘ Analog Voltage Slgnals

- | I |
100 nnnnn_nnnnnnnmnnﬁnnﬂnnnnnnnnfu\nnﬁ
50 '
oL LT
-50 ff=HE
-100
-150

usv

U2

u(p.u.)
=== UglUy

| |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Analog Current Signals
0.5 | T | | | |

L2
| | | | |

I1A
o

-0.5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 L3

Frequency Measurements: Protection (WF) and closest WAM(s)

50 I I I I I I I T —
498 | f (WF) —
496 —-——— f_(Setting WF)
494 + (5) ES-Carmona | _|
(7) ES-LaCereal | |

492 -

49 =
48.8
48.6

f/iHz

A

e e —
| —
0.8

Trip (WF) I 1 I T I I I

U-Block(WF) =

Salida unidad de subfrec. r
Salida de disparo por protecciA®n

Cualquier estado de blogueo interno

Entrada fA-sica 2 (Tarjeta 1)

‘Trigger: 16:36:40.548| Vs
27.01.2022 21:22:26 / W. Fromm

Annex 3: COMTRADE measurement evaluation Alarcos LFDD relay
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Y
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Underfrequency Protection Evaluation - Sim.Nr. 4/18 [4]
Arganda 220 kV: Station ZIV77319 - Device 102 Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V13M3]
(File: Arganda 702_Madrid\2021-07-24T16_36_40Z.476000)
Start: 07/24/21,16:36:40.476000; fs =599 Hz

Analog Voltage Signals

150 [~ !
100 f
> SO0f}!

LA N A AN

I

Analog Current Signals
I I I I I I I

| | | | | | .
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0 L3

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I I I I I I | —

49.8 - f(WF) -
496 - === f_(Setting WF) |_]

:E 494 (7) ES-LaCereal | _|
= 492 —
49
48.8 -
48.6

Trip (WF) | R

U-Block(WF) [

Intensidad en direc. disparo neutro aislado
Salida unidad de subfrec.  mEerTTIRIETD
Salida de disparo por protecciA*n Vg
Entrada fA-sica 2 (Tarjeta 1)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

|Trigger: 16:36:40.476 t/s
27.01.2022 21:22:29 / W. Fromm

Annex 4: COMTRADE measurement evaluation Arganda LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 5/18 [5]
Cinca 220 kV: Station SE CINCA - Device 1 Protection (WF): f_ = 48.70 Hz; U /U, = 0.70 [V7M5]
(File: CINCA TR1 TR2 TR4 110_25kV\24.07.21 16.01.10.000.000)
Start: 24/07/2021,16:01:09.993000; 'fS =1170.6 Hz

Analog Voltage Signals
I T

T T
ihaguaidiaauihigaadsahigiinsisikaaniuatigaddiihigeinstaiiianddn Lo I | EXAES

Frequency Measurements: Protection (WF) and closest WAM(s)
9] T T T ! f I ! ! I T T T

498 - f(WF) N

496 - ——— f_(Setting WF) |_]

494 (10) ES-Biescas ||

f/Hz

492 .
49 - _
488 -

488 [ | | S | | | | | | | | [
0 0.2 0.4 0.6 0.8 1 12 14 16 18 2 2.2 24

Trip (WF)
U-Block(WF)

F<1 Arranque
F<2 Arranque
DISP. 1 NIVEL F<
DISP. 2 NIVEL F<

Trigger: 16:01:10.505 /s

27.01.2022 21:22:38 / W. Fromm

Annex 5: COMTRADE measurement evaluation Cinca LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 6/18 [6] )
Zamora 220 kV: Station ZIV73842 - Device 55 Protection (WF): f_ = 48.70 Hz; U /U = 0.70 [V13M9]
(File: Cobreros 707_Zamora\2021-07-24T16_36_402.183000)

Start: 07/24/21,16:36:40.183000; f_ = 599 H .
a ' s ‘ Analog Voltage Signals

lI\I.AILIALLI\IAALnlIII\lln_A_I_L_I_l

150
100 H) 4
= 50 [z
- 0 :'
-100 I
-150 =

0

0.7 0.8 0.9 1 1

Analog Current Signals
I I I I I I 1

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I I I I I I I I I |

498 |- f(WF) -
496 [~ —-——— f_(Setting WF)|_]

E 49.4 (6) ES-Xove |
— 492 =
49
48.8
48.6

Trip (WF)

U-Block(WF)
Salida unidad de subfrec.
Salida de disparo por protecciA®n

Cualguier estado de blogueo interno
Entrada fA-sica 2 (Tarjeta 1)

| Trigger: 16:36:40.183 t/s
27.01.2022 21:22:41 / W. Fromm

Annex 6: COMTRADE measurement evaluation Zamora LFDD relay

<>
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Underfrequency Protection Evaluation - Sim.Nr. 7/18 [7]
Collblanc 220 kV: Station SE COLLBLANC - Device 1
(File: COLLBLANC ATR1 220_110_25\24.07.21 16.36.40.000.000)
Start: 24/07/2021,16:36:38.743000; fS =11742 Hz

Protection (WF): f_ = 48.70 Hz; UBIUN =0.70 [VIM5]

Analog Voltage Signals
| T

E% 'gggmmum !HIHIHIH!HIHI_!H!IHH_! L Iﬂ _U_.}- | | |
- AR AR R
100 ii il !iﬂi'\' T e ﬁl """

/A

0 O 0O 0O RO O IIIII'HHIIIHHIHII |H|NH|IIII NI
IINIIIHWIIiHIIIIIiHHlIIIHHHIlHIIllIIilmllIIDIMIIIHIMlllllWIIIIIWIIIIIihlIHlIIIHHHIllliPHHllIIIMI IR A LA AR IHHIHHIIIIIIHIHHIIIIIWIW

50 I I I I I I I
498 - : f(WF) m
496 —— . || ==—- f_(Setling WF)|_]

(9) ES-Vic _

49.4 - ——
49.2

49
4858
48.6

f/iHz

Trip (WF)
U-Block(WF)
DISP. 1 NIVEL F<

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 i 2.2 2.4

ts Trigger: 16:36:40.856

27.01.2022 21:22:50 / W. Fromm

Annex 7: COMTRADE measurement evaluation Collblanc LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 8/18 [8] )
Mérida 220 kV: Station Olivenza Trafo 1 7SJ621 V4.4 Var 1 - Device 001060 Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V10M5]
(File: OLIVENZA TR1 66_20\Olivenza TR1)

Start: 24/07/2021,16:36:40.350000; f_ = 781.8 Hz .
s Analog Voltage Signals

i nn,nwfi T mmm p —w
250 """" FEEE RV TR R EE R e IR 1E EA AT BRI R IR e E i 1 EaE 1 1] T 09 3
> 58 AR R1R 1SRN RTRTER1RIRRAR IR 0 04R TR R RTHEIR 100, 1A R RIE BIGIRATRIE RAR IR 01016 0E AR IR AR TA01 1R BVA1G 0] 01 11E R L3 8? z

128 q / IUJ | | | U | I” U | -I -I | | -I. ! ] !’ I” | 4\\} —EL(:LS) gg

Frequency Measurements: Protection (WF) and closest WAM(s)
I I I I I I I I I I —————H
f (WF)

- ——— f_(Setting WF)
(5) ES-Carmona

-
]
—_
[#%)
-
B
-

Binary Signals of Underfrequency Protection (2 int., 3/26 ext.)
I I I I I T 1 I I

Trip (WF) I l l ‘
U-Block(WF)
DISP f1

Arranque Relé
DISP.gen Relé

|Trigger: 16:36:40.444 s
27.01.2022 21:22:55 [ W. Fromm

Annex 8: COMTRADE measurement evaluation Merida LFDD relay

<>
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Underfrequency Protection Evaluation - Sim.Nr. 9/18 [9] )
Tordesillas 220 kV: Station ZIV91610 - Device 22 Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V13M5]
(File: Otero Herreros 703 Segovia\2021-07-24T16 36 40Z.462000)

Start: 07/24/21,16:36:40.462000; f_ = 599 H .
a ' s ‘ Analog Voltage Signals

150 E T T T T | T | L R

100 |-
~ 50
~ 0
-50 ff
-100
-150 = | ! | | | ! [ u (pu.)

0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 -——— Uglly

1 Analog Current Signals
I I I I I

= o w.'.'.'.'m'. L

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I I I I I I —

498 | f(WF) -
496 |~ - ——— f_(Setting WF)|_]

E 49.4 (6) ES-Xove |
= 492
49
48.8
48.6

Trip (WF)

U-Block(WF)

Intensidad en direc. disparo neutro aislado
Salida unidad de subfrec.

Salida de disparo por protecciA®n

Cualguier estado de blogueo interno

Entrada fA-sica 2 (Tarjeta 1)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

‘Trigger: 16:36:40.462| Vs
27.01.2022 21:22:58 / W. Fromm

Annex 9: COMTRADE measurement evaluation Tordesillas LFDD relay

AN

Y
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Underfrequency Protection Evaluation - Sim.Nr. 10/18 [10]

Zezere: Station MT11_TP1 - Device Protection (WF): f_=49.00 Hz; U /U, = 0.70 [V10M5]

(File: Portugal HVMVsubstation frequencyloadshedding 49Hz\CT000592)

Start: 24/07/2021,16:36:40.290000(*); f_ = 781.3 Hz .
s Analog Voltage Signals

IH“l““ HHHIIIlllIIIlllllllllII.IHI IIIIIIIIIIIIIIIUHilHIlIIIIIIIIIIIHHI [T llII.HHIIIIIIIIIIIIIIllllllll HHH Hllllllllllllllllllllll

150
100
50

0
-50
-100
-130 ~ 1 | | | | | | | |

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2 2.4 26 2.8 3 3.2

usv

Analog Current Signals

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I I I I I I I I I I I I I I -

498 f(WF) m
49.6 : —-——— f_(Setting WF)|_]

E 494 . e (2) PT-Zezere |_|
= 492 : =
49
48.8
48.6

Trip (WF)
U-Block(WF) |-
Relay PICKUP

0 ) 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 2.8 3 3.2 3.4 3.6

‘ Trigger: 16:36:40.390 | s
27.01.2022 21:23:04 | W. Fromm

up.u.)

Annex 10: COMTRADE measurement evaluation Zezere LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 11/18 [11]

Rocio 220 kV: Station Rocio Trafo 3 7SJ621 V4.4 Var - Device 002040

(File: ROCIO 66 TR3 66_15\Rocio TR3 Oscilo)
Start: 24/07/2021,16:36:41.569000; f_ = 780.6 Hz

Analog Voltage Signals

Protection (WF): f_ = 48.70 Hz; UE;'UN =0.70 [V10M5]

> 5 b Hos
i | et
) | | | Analog Current;SignaIs | | :
< o DR —

50 fl
498 :
496 |-

N 494
=492

Frequency Measurements: Protection (WF) and closest WAM(s)
\

f (WF) —
- ——— f_(Setting WF)

(5) ES-Carmona | |

49 |- /—/L
48.8 ;_TJ:E%‘- _

48.6 [~ H \

0 0.1 0.2

0.3 0.4 0.5 0.6

Binary Signals of Underfrequency Protection (2 int., 4/29 ext.)
\ T T I

Trip (WF) l
U-Block(WF) [ :

>|P cerrado ol \

DISP 1

Arranque Relé

DISP.gen Relé

7
0 0.1 0.2

|Trigger: 16:36:41.665
27.01.2022 21:23:08 / W. Fromm

0.3 0.4 0.5 0.6

up.u.)

Annex 11: COMTRADE measurement evaluation Rocio LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 12/18 [12]
Rubi 220 kV: Station RUBI - Device 1

(File: RUBI TR3 220_66_25\AA1J1Q01A1202107243cc)

Start: 24/07/2021,16:36:41.093178; fS =1000 Hz

Protection (WF): f_= 48.70 Hz; U /U, = 0.70 [V8MS]

Analog Voltage Signals
I

150 ' l ! I NN
100 1 — A
= ‘ 3
S B L e L U e e A e L R R L] - <
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 14 |~ Yl
0.05 i I | Analo? Current S‘ignals I | | ‘ |
= o ! RO —
| | | | ! | | | \ b
_0'050 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 13)q3
Frequency Measurements: Protection (WF) and closest WAM(s)
50 | | a 1 | | + 1 | | + | 3
f (WF) —
———- f_(Setting WF)|_|
N (9) ES-Vic _
= _
e —— e :
I | | | | .
0.8 0.9 1 1.1 1.2 1.3
Binary Signals of Underfrequency Protection (2 int., 2/45 ext.)
Trip (WF) I P, AR TR R RSRRRR e AR e . e FE TS e |
U-Block(WF) [
52 MT OPEN T O PO e O e O e e, e e 5 P e P P ST AT RSSO FTT
W2 TUF1 TRIP e 6 3 6 S R \

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
Trigger: 16:36:41.393 Vs

27.01.2022 21:23:13 / W. Fromm

Annex 12: COMTRADE measurement evaluation Rubi LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 13/18 [13]
Cordovilla 220 kV: Station ST CORDOVILLA - Device #DRVD1N***201*C
(File: ST CORDOVILLA POTASAS 66 kVABDRVD1N2202015C.71711.20210724163640068)

Start: 24/07/2021,16:36:40.068000; f_ = 2400 Hz .
s Analog Voltage Signals

Protection (WF): f_ = 48.70 Hz; UE;'UN =0.70 [V3M5]

150 ' ' ! ' ' i bt
> -58 LR A A B H S R H R W A R LR A BB f b S U i ZLa :
jgg I | I I | | I L - BL(%:S)

4 | | | | | | An%log Curi’ent Sigéals | | | | ‘
< i S
<Himmmn— i;j
Frequency Measurements: Protection (WF) and closest WAM(s)

50 I I I | I I I [ I I I I I I —
49.8 ' f (WF) —
496 ———~ f_(Setting WF) |_|

E 494 ———(12) ES-Hernani | _|
iosk PR e R

Trip WF) [T
U-Block(WF) [=—

ED10 =

TRIP_UF1

Trigger: 16:36:40.563 t/s

27.01.2022 21:23:17 / W. Fromm

u{p.u.)

Annex 13: COMTRADE measurement evaluation Cordovilla LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 14/18 [14]
La Serna 220 kV: Station ST LA SERNA - Device #DRVD1N***211*K

(File: ST LA SERNA LLABRADAS 1 66KVI\8DRVD1N2202115K.67842.20210724163641334)
Start: 24/07/2021,16:36:41.334000; fS = 2400 Hz

Protection (WF): f_= 48.70 Hz; U /U, = 0.70 [V3M5]

Analog Voltage Signals
150 ! I
100 [t

50

u/v
=

-50 [t
-100 F
-150

u{p.u.)

Analog Current Signals
I I I I I I I [ I I I I I

| .
A

05 | | | | | | | | | | | | | | L
0 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 1 1.1 1.2 13 1.4 L3

0.5

o

<

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I I I I I I I I I
498 | 5
496 [~
E 494 —
=492
49 -
488 _
486 | | | | | | I | | | | |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

I I I I —
f (WF) —
———~ f_(Setting WF) |_|
———(12) ES-Hernani | _|

Binary Signals of Underfrequency Protection (2 int., 2/19 ext.)
Trip (WF) I I | | | | I I | |
U-Block(WF) =
ED10 L e e e e e e e e e e e
TRIP_UF1 oo

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 15
|Trigger: 16:36:41.634‘ s

27.01.2022 21:23:27 / W. Fromm

Annex 14: COMTRADE measurement evaluation La Serna LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 15/18 [15]
Palencia 220 kV: Station PALENCIA 04L ZAR - Device #DRVD1N***211*K

(File: ST PALENCIA LZARATAN 45KVI\8DRVD1N220211SK.77632.20210724163642448)

Start: 24/07/2021,16:36:42.448000; f_ = 2400 Hz .
s Analog Voltage Signals

Protection (WF): f_ = 48.70 Hz; UE;'UN =0.70 [V3M5]

150 LA adhnd

100 If e U
= 50 c U,
b e e }

-50 L3
-100 ULtz
-150 u (p.u.)

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 1.1 1.2 13 14~~~ Ys/Uy
Analog Current Signals
2
I I I I I I I I I

iL1

i
| L | | | | | | | .L2
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 L3

Frequency Measurements: Protection (WF) and closest WAM(s)

50 I I I I I I I I I I I I | I —]
498 f(WF) m
49.6 - ——- f_(Setting WF)|_]

E 49.4 (6) ES-Xove |
= 492

49
488 [

48.6 [

Binary Signals of Underfrequency Protection (2 int., 2/20 ext.)
|

Trip (WF) I I | | T I I I |

U-Block(WF) [

ED10 Iy

TRIP_UF1

Trigger: 16:36:42.911 s

27.01.2022 21:23:35 / W. Fromm

u{p.u.)

Annex 15: COMTRADE measurement evaluation Palencia LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 16/18 [16] )
Renedo 220 kV: Station RENEDO-LAGUNA-2-45KV - Device 7DRVD1N***311*K Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V3M5]
(File: ST RENEDO LLAGUNA 2 45KV\7DRVD1N220311QK.90317.20210724163641097)

Start: 24/07/2021,16:36:41.097000; f_ = 2400 Hz .
s Analog Voltage Signals

Tl

up.u.)

| | | | | | | | | | I L2
0.7 0.8 0.9 1 1.1 1.2 1.3 14 15 1.6 1.7 L3

Frequency Measurements: Protection (WF) and closest WAM(s)
50 I I I T I I I I I I I I I I

49.8 - f(WF) N
496 - : —-——— f_(Setting WF)|_]

N 494 : (6) ES-Xove |
= 492
49
48.8
48.6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2 1.3 14 15 1.6 1.7 1.8 1.9

Binary Signals of Underfrequency Protection (2 int., 4/20 ext.)
I I 1 I I T I I T

Trip (WF) l I l I
U-Block(WF) [ f
ALGUN ARR| _ m———————— T e !
TRIP_UF1 —

0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 19
Trigger: 16:36:41.540 s

27.01.2022 21:23:45 / W. Fromm

Annex 16: COMTRADE measurement evaluation Renedo LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 17/18 [17]
Villimar 220 kV: Station VILLIM 04L Gamonal 1 - Device #DRVD1N***201*C
(File: ST VILLIMAR LGAMONAL45KVA8DRVD1N220201SC.72450.20210724163640553)

Start: 24/07/2021,16:36:40.553000; fS = 2400 Hz

Protection (WF): f_ = 48.70 Hz; UE;'UN =0.70 [V3M5]

Analog Voltage Signals

150 f [ ! LA A AhADbL
100 - i Uy
= 50 S,
5 0 R TR }

-50 (M & i SRR L3
-100 H YT LA : RIRIN ARRRI Uiz
-150 u (p.u.)

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 1.1 1.2 13 14~~~ Y/
Analog Current Signals
2 s
: I I I I I I I I I

iL1

i
| L | | | | | | | i”—
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 L3

Frequency Measurements: Protection (WF) and closest WAM(s)

50 I I I B I | I I I I I I | I —]
498 f(WF) m
496 - ———— f_(Setting WF) |_|

N 494 ——+—(12) ES-Hernani | _|
N 49,
= 492

49
48.8
48.6 [

Trip W) [—— T
U-Block(WF) [ ;
ED10 j o
DU_UF1

0 0.1 02 03 04 05 06 07 08 09 1 1.1 1.2 13 1.4 1.5
Trigger: 16:36:41.036 t/s

27.01.2022 21:23:53 / W. Fromm

Annex 17: COMTRADE measurement evaluation Villimar LFDD relay
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Underfrequency Protection Evaluation - Sim.Nr. 18/18 [18]
Madridejos 220 kV: Station ZIV51609 - Device 31 Protection (WF): f_=48.70 Hz; U /U, = 0.70 [V13M85]
(File: Tomelloso 702_C Real\2021-07-24T16_36_402.592000)
Start: 07/24/21,16:36:40.592000; fS =599 Hz

Analog Voltage Signals
| |

150
100 A f| A
50 (1 f)if

0k
-50 |
-100
-150 (=

(

usv

Analog Current Signals
I I I I I

) \ | | | | I L2
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 L3

Frequency Measurements: Protection (WF) and closest WAM(s)
] I

50 I I I I I | —
498 f(WF) .
496 —-——— f_(Setting WF) |_|

g aoer &) ES Carmona
=492 —

49 —
48.8
48.6

Trip (WF)
U-Block(WF)

Intensidad en direc. disparo neutro aislado

Salida unidad de subfrec.
Salida de disparo por protecciA®n

Cualquier estado de blogueo interno
Entrada fA-sica 2 (Tarjeta 1)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

|Trigger: 16:36:40.592 tis
27.01.2022 21:23:57 / W. Fromm

Annex 18: COMTRADE measurement evaluation Madridejos LFDD relay
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