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Introduction BN OPAL-RT IR

—\ TECHNOLOGIES OF SUSSEX

e A real-time hardware-capable dynamic implementation of the AC-CFM method

e Multi-vendor real-time power systems labs

e Initiative supported by OPAL-RT with licenses and technical guidance

e Proof-of-concept funded by UKRI GCPB Network+ project (www.greenconnectedbritain.org)
e Liaison with AC-CFM co-author
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http://www.greenconnectedbritain.org/
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AC Cascading Failure Model (AC-CFM) - Quasi-Steady State (QSS)

Pros Cons

Matpower casefile inputs Lacks dynamics (e.g. frequency, protection)
Fast Non-real-time
Widely cited
Graphical & text log results

Real-Time Phasor Implementation of AC-CFM Cascade Model
e Generalised dynamic and real-time version of AC-CFM for the research community
e OPAL-RT ePHASORSIM - dynamic phasor simulation
e Electrical machines, protection relays, grid connections with inertia

e Individual buses requiring higher fidelity modelling (e.g. GFM inverter / HVDC link)
outsourced to separate Speedgoat targets

e Interfaced to real-world equipment e.g. measurement instruments, relays

e Communicate with emulated real-time flexibility services e.g. DSR aggregators
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LSBU Proposed Solution OF SUSSEX.
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Simulink — ePHASORSIM Model
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Proposed Solution OF SUSSEX.

Simulink — ePHASORSIM Model

e
- Transformers that have & ratio of 1 in MATPOWER maodels are not S o Ive r ®

recognised by the import process, hence ara represented as fines )
- Callbacks wara modfiad for data input and output (Modeling -> Model O F G S

an
. £
Properties > Callbacks Machine slip
P 9 | Bus Vmag
- LineTrip signal needs to be logged ) . o vmms 1] o[
El—b Resat Generator status o Load total
,_Vang
Bus_Vang 39 Pl
Enabie #{Load Imag N
(o2d Ima E]
OFGS ) 22 - |Losd_lang Loads Load remaining
o N\ as Load P calculation
Gy _lrf:g" 4 ¥ Voltage threshold anes(1,35) N 4-“"37'““ 2<_lLine_Imag]
UV_threshold 209 =
) e e L|UVL = e
oliqge mag Load status Qo —
Ty e 5
s 8 q g 0 K 0
-_. # 5 E 0 o[ 130805 1]
g
>
oS / H dw] ‘ 4 B.749 [l 0] 3211
[3x1 \ genPe » lgenPe] ‘ 320.8] E q E 6812
10
163814 0.238e-19 5.00-08 1.527] (Bus_feal o pagy |2 TEHEneY U F LS e, o P 2747, 1] 2479 3002 0
20 >
1.527] 157 1.524 1.52] [Lomd_F] > N - 10 0] 0 1 0 1
1.156] 1.003] 1.001 0.0887] ® 1 » 9.195 g 0 g 0
oy ag 10
7004 101 101 1033 Ll Resst Load_P Infibit load changes until > a 9 9 9
5.343e-08) 5.25e-0] 1.051 0.8919) simulation starts up o »-<" [DOS_input]
i . N = Load P
30 1,034 1.052] 1.047] 1.03] fs 0
1723e-14|[ 58330 5.620-08]_ 6.0156-08 B as » o7 6] 1] 322 500) 1]
Enable PfLineTrip  Line_R 9
502708 9.013e-15) 1.38] 0.937] — Ed 3 0] 233.8] 52 5.5 1
0.0082] 1073 1.08 1,06 Enable Reconnects Resistance-based fripping JALL 10 q) BE g g 320
1.681e-14) 5.88e-08|| 1 1868-07] 324 1| 158 1| 580
T — £ 274 0 2475 308.4] 21
N 0 LP 134 281 20| 283.5] 0
27 1| 1 1| 1]
s [ s q g 1 1 1
[Line_Imag] Line_imag _ LinaTrip P 1 q 0 1 1104
35 35 LineTrip 7 1 0 T 1
— Inhibit tripping until
Line tripping and nhibit 4 T 7 1 5 o Load P selpoint
[V_mag] Voitage mag initial contingency simulation starts up - - - - -
= > 572115 5721e-15  3.002s-15  6744e-18][  1479a-07]
[ 1 i 1 i
N 1.424e-07] 0.2748 0.1055 0.6122 0339
-—, 1 1 1 1 1
[detta] Rotor fnge » 04729 0.1058] 0.2009 0.29] 0.6030
q 1 i 1 i
( - \ hing mag] /35 5 0.2815 0.2815 0.6877] 0.4475 3811
m 9 @ - 30 39 [39x1] Line switching ﬂﬂgi‘g 3.853) 2.608) 1.055| 1.275e-07|
I —— - NAE—
Frequency covation 9 _ensl Volsgemag | o v [Bus_freq] 1.6012-07] 5.353] 0.6192 2.969) 4.849]
q g 1 1 1] 125815 137707 6.123=-0) 6.1e-08|[  1.501a-08)
0 Frequency measursment = = 5 = : -
po —> fromphasaangle  []] Line_imag
‘generator Pa output N r 7 3 : T :
° QJ"“;FM' = > [Fleqjer\s]| 1 E q 3 1 Ter07] 12-07) Ter0T] 1207 Tee07]
35 - = 2 = 1 7 3 1 T 0 0.0011] 0.0008] 1e+07] 0.0002] 0.0008
Line_Imagl] dwto-fraq Gotot 39
‘Sebectad Line Current 3Em Tmag = 50 5013 1 [ 1] ol 0 0.0006] 12+07] 0.0004] 12+07] Te=07]
» Ly EXE = EXE 7 1 1 T 1 > 0.0004 0.0004 0.000] 0.0018 0.0000
" ? = =0 = 1 0] 0 o 1e+07] 0.0018] 0.000g 0.0003] 0.0007]
ot P T soms 2> = - — 0.0013 0.0008 0.000q] 0.0027 0.0005
Gen_TRIF . S requency {generators
21 Trip_Sig UV datection per bus Te+i7] 0.0014] 0.0043 0.0057] 0.0014

Frequency measurement e



LSBU Challenges P

Frequency Line Tripping
gSr?a{;]/isg NEEREIRERIS [vs] Line
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Other
unknowns (e.g. | Algorithms (e.g.
machine load shedding)
dynamics)

Results
validation /
divergence
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LSBU Case Study — IEEE 39-bus system OF SUSSEX.

Initial Contingencies:
@ Contingency 1: line between buses 4 and 14

@ Contingency 2: line between buses 16 and 21
@ Contingency 3: line between buses 4 and 5 (no cascade)
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Results — Contingency 1 (line 4-14) OF SUGSEX.

Outages Trip order Contingency 1
(Bus from-to)| Our model | AC-CFM |Our modell] AC-CFM . .
T z - Lines tripped
Line 11039 due to OLP
Line2to3
Line 2t0 25
Line3to4
Line 3t0 18 3
Line4to5 Our model:

Line 41014 O Total shedding = 65% "
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Line 5t0 6
Line 5t0 8 ®16
Line6to7

Line 6to 11 2 2 ozs” 0 o217
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Line 17t0 18 3 AC-CFM: . /18 /-14/' ’

Line 17to 27

Line 21 t0 22 Total shedding = 45% K s

Line 2210 23

Line 2310 24
Line 2310 36 19 @321

Line 25t0 26 5 ®22
Line 26 t0 27
Line 26 to 28 ®36
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LSBU Results — Contingency 2 (line 16-21)

Outages

Trip order

Bus from-to
Line 1to 2
Line 1to 39
Line2to3
Line 2 t0 25
Line 3to4
Line 3t0 18
Line4to5
Line 4to 14
Line 5t0 6
Line5t0 8
Line6to7
Line6to11
Line 7t0 8
Line 8t0 9
Line 9to 39

Line 10to 11
Line 10to0 13
Line 13t0 14
Line 14 to 15
Line 15t0 16
Line 16to 17
Line 16t0 19
Line 16t0 21
Line 16t0 24
Line 17t0 18
Line 17to 27
Line 21to 22
Line 22 t0 23
Line 23t0 24
Line 23 t0 36
Line 2510 26
Line 26 to 27
Line 26 to 28
Line 26 to 29
Line 28 to 29

Our model | AC-CFM

Our modell] AC-CFM

Contingency 2
Lines tripped
due to OLP

Our model:
Total shedding = 99.9%

AC-CFM:
Total shedding = 58%
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Results — Contingency 1 (line 4-14) OF SUSSEX

Progression of frequency (buses and generators), loads and line currents
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Conclusions and Next Steps OF SUSSEX.

s Multi-platform and
Validation through Open-source multi-lab (e.g.
all event cycles, release OPAL-RT +
multiple networks Speedgoat)

Investigate effects

of DSR, flexibility Collaborations
services, V2G etc.
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Thank you for your attention!
Questions?

Dr Spyros Skarvelis-Kazakos, s.skarvelis-kazakos@sussex.ac.uk
Dr Robert Brown, brownr27@lsbu.ac.uk

Prof Sandra Dudley, dudleyms@lsbu.ac.uk
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