=/

ENERGINET

y

R

(

7 SYSTEMVARN KRIEGERS FLAK

Frank Larsen, fls@energinet.dk



ENERGINET

Armeret SB1 runback Blokeret




ENERGINET

ome
YAINCOY z
MOE/AMOST/08E = juawdinby
SO
Mmmg . -
__JW ?_.
MWS8Y ‘T-o13jeg
— 5+ -
ve ] _wa
b K
___l. WI Im 'l___
MWSS8T :Z-o1jeg
i—DH G
p — X 49 X%
zve b
juawdinb3y §9) 4) (30) Auewiag
ewud
UIPIMS SPIEMO] () yewuaq
|||||||||| |
UOISUIIX? 3|qISSOd X % : "
Wy ) [ 7~
MPROr-a3 MINOOZ V)
YAWOSY
AOST/0Z2 @
g _ ] v [ %
uawdinb3 $9) )
i—5- .m‘ﬁuhﬁ AW hﬁ - —
i
M 0TT S8 )
) 4
1Sd
A0ZZ/022
p
YAWCOS YAWO0S
AOZZ/00Y nozz/ooy

A1 00 HSI N 00% Sra



ENERGINET

LAST LINE TRIPPING

Challenge
ISH@J 400 BJAVERSKOV 220
L L -./
-O— ] l 200 MW 1000 MW = Overvoltageon BtB DC <40-50 ms!
* windpower
KRIEGERS KRIEGERS BENTWISCH BENTWISCH
BJAVERSKOV 400 FLAK B FLAK E BALTIC 2 BALIIC 1 150 380
© v -(D/ .y I 4 4 BtB
| MR |
400 MW 200 MW 200 MW, 400 M W
Solution

* Fast tripping solutions over fiber relay channels (app. 10 ms)
* Only tripping of KFA+KFB windfarms above 400 MW in all
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LAST LINE TRIPPING

Solution
Fiber
TRIP L1 —
TRIP L2 — =
TRIP L3 —
Trip or open from all CB in DK grid ]
Fiber
TRIP L1 —
TRIP L2 — -
TRIP L3 -
Power from

KFA+KFEB+BtB

Challenge for manual operation!

Fiber Allow
KFA trip
—T

I
Fiber aR I
Allow l

KFB tri’pl_
I
Power |
calculator |
RTL = = —— — 4
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LAST LINE TRIPPING / TRF I>

Wind turbine models helped us!

Additional protection

« Overvoltage in AC net o Trfl>
* Unstable BtB
KRIEGERS
ISH@) 400 BJAEVERSKOV 220 FLAK A
BCU BCU BCU BCU | ==
_@ \ 200 MW
BCU BCU Trip <150 ms
KRIEGERS KRIEGERS BENTWISCH  BENTWISCH
BJAEVERSKOV 400 FLAK B FLAKE BALTIC 2 BALTIC 1 380
’e BCU I
BCU BCU BCU BCU 4 scu | ...( I ...( BtB
- | I I
Separate 100 Mbit I 400 MW 200 MW 200 MW BCU
SDH network
BCU Trip <150 ms
Separate 100 Mbit
SDH network
Redundant
RTU

LOGIC
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BETTER HARDWARE

GOOSE TRIP/ACTIVATING

NEW: mZHO-ZS ms
OLD: 40-140 ms
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TEST

TEST IN LAB OF LOGIC

 TEST THROUG SDH NETWORK

* MULTITRIPS = LONGER RESPONSE

* LIVE TEST = 20-25 ms

 TEST OF INPUTS AND OUTPUTS
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TO CONSIDER

LOGIC FOR LAST LINE, LINE ON EMPTY BUSBAR
* MEASUREMENTS CHANGING DIRECTION DURING FAULT
* TIMING BETWEEN TRIP AND CHANGE OF SCENARIO

* FAULTS IN SYSTEM



