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ABSTRACT: The stability characteristics of AC-DC hybrid
power grids with high proportion of renewable energy have
profound changes, and rotor angle stability remains a key issue
that threatens the operation safety. Related studies have
required higher demands on authenticity, rationality and
representativeness of the benchmark test system. In this paper,
the rotor angle stability benchmark test system, designed
specifically for electromagnetic transient simulation, is
constructed based on the practical topology and data. The main
grid voltage level of aforementioned benchmark is 500 kV and
this benchmark includes 2 regions, i.e. 1 AC transmission
channel and 1 DC transmission channel. Two basic operation
modes are provided, corresponding to dynamic and transient
rotor angle stability, respectively. The penetration level of
renewable energy in the above operation modes is above 50%.
To study the influence of different factors on the rotor angle
stability level, the penetration of renewable energy, generator
location and control strategy are used to obtain the quantitative
analysis. Then, sensitivity analysis results show that this
electromagnetic transient simulation benchmark is able to
comprehensively reflect the characteristics of different rotor
angle stability, and it has flexible extensibility. Sharing the
benchmark test system can provide a basic platform for related
research of rotor angle stability analysis and control, and
contribute to the horizontal comparison of different conclusions

as well as the improvement of research efficiency.

KEY WORDS: rotor angle stability; renewable energy;
AC/DC hybrid power grid; benchmark test system
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Fig. 1 System topology of CSEE-RAS
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Table 1 Overview of transmission network

HLE S5 /kV T E R
500 11 P 4L
220 25 AR/ R
210 2 LR
199 2 B AR
35 39 AR s A/
Gt 79 —
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Table 2 Overview of transmission lines and transformers

ey M H AT
L 500kV 19 %
LR 47 %
220kV 28 %
300 MVA 40 4
) ) 360 MVA 1964
WG AT R 3% 76 &
780 MVA 136&
3000 MVA 45
- 1000/1 000/360 MVA 124
ZERIAR R AR 254
1000/1 000/300 MVA 134
. HE W Rk +500
HIRLL % 1 [=l o ]
HUE /MW 5000

4200MW, X% B #Hl 3600MW; K HL. ik 2
FhrREIRNLAL B ZENL 8400 MW, FHirp Xk A 241
6000 MW, [Xi% B 3H] 2400 MW, HrAEIRHLLH 2
BLG EERT 50%; TRAHMLE AL 900 Mvar, ¥67T
X3k B; RAIENMAL IR 3 Fion, KA SE
FREVRALH S H. HrRe IR ) N e B T S 4
SAIVERLINER A4—AT. HA, KENLA R R
RUHN PSS B S DL R A8
1.4 Caferitis

SRS 10537TMW, HA X A fff
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Table 3 Overview of generator installation
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Table 5 Startup mode of dynamic stability scenario

- EIN KH R/ MW WARHL X 45k WAL KE/MW B HREEMW B3
X 11 -
BRLE EIUMW  XUH etk FeH/Mvar B03 400 1 500 2
B03 600%2 300x4 300x2 — 3% Uity B04 400 1 500 2
P B04 600x1  300x4 - — X A BOS - - 800 3
Xi A  BOS 600x3 300x4  300x2 — BO6 396.07 1 500 2
B06 600x1 — 300x4 - o B09 480 2 — —
e B10 300 1 — —
BOS / - - 300x3 X B
i B09 600x3 — — — Bll 300 1 - -
X% B BI10 600%2 — 300%4 — ait / 2276.07 7 2300 9
Bl 600x1 - 300x4 - F*6 EREFRATNE
3600 4800 Table 6 Load distribution of dynamic stability scenario
&t — 7800 — 900
8400 X BEABRE HIE/MW I/ Mvar fg
900 MW, X1 B #1fi 9637 MW, Z %47 fai B v s B9 3084 200 LA
. \ — X 1%, B B10 1400 50
W 4. XA BN T T XA, g BX
Gt / 4484 250 /

MERIRFE . KB E RS,
®4 RGEOEHRL

Table 4 Overview of system loads

D AR AI/MW T/ Myar fug R

S BO1 450 50
Xk A B02 450 50
B09 4347 150 TEFH$T
52 i
B10 3590 200
X1k B
Bl 1700 100
it — 10537 550 —

2 FEMARESR

AV fataE IR RAZ RN KR
ahfs, EENFTEGRERNERT, Rk
SRR kA E e MY A ScEE M s SR E S
S Bl vy L A8 BT R R 4 NN AE BTV B L M Bl A
Dhfaka e Rt sE .
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5 AT X3 & I M A2 € (dynamic  angle
stability, DAS): ‘KH L 7] 2276.07TMW, HAHX
oA KHH S 1196MW, X1 B Kk H 5
1080 MW ; XUFEL AR 2 M e 77 2300 MW,
BIEX I A, RGUHRIEE 7 5 R 50.26%, FFHL
TRk 5 FioRs KRG 4484 MW, Hifii 4y
AR 6 Fn; BEWIEIESMNEIZE 800MW; XX [A|
LR AT IIEIE BO1—BI11 #METN R 2648.4MW.,
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Fig.2 Response curve of rotor angle dynamic stability
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LR BEHCERE 200MW), BEE 2 FiA FEHT R H
VAREE A 0p 1 W =N N (T

7750 1 g nEz ATE B03. B06 _LIHTAE
TS 100MW, AR FRRE ANTE IR REER Bk
% 100MW;

J3 2. 5775001 IR mAH R, RIS
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Table 7 Damping ratio of different penetration levels

FEHLIT KHE/MW  BREIE/MW 5% BB
HAFH DAS  2276.07 2300 50.26 0.0037
Jia 1 2078.82 2500 54.60 0.0273
Jix 2 247424 2100 45.90 0.001 4
70
65t

60 - ﬂ
55¢

FXT A/
8o &8 & 3

B EN
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20 = FAJ7DAS )
0 5 10 15 20

IS [8)/s
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Fig. 3 Rotor angle of different penetration levels

2 7 K& 3 AR, 2R REUR (e AL Tk v X
WA ) S 50.26%FF 5 54.60% 0, — 5T,
BREVEH IR, AR IEIE A DR HT RE RIS 5 45 R
JERIPRSL IR ZR AR, 53— 7 1H, &3 KL Jpssb,
Fhih & a8 I S SRR Tk gs , (6453 BH e
0.0037 JH2 0.0273, shBREKFRE: k2, 3
H 5 EEBE A 45.90% 0, 123 K FL G R 8 2B
fBH JE A A s, PHJE LERE 2 0.001 4, BhaFREK
PR
222 KHHAEAAE

RGNS BT Braedi i ke, &2

FMIEE DR IALRRE T, Bk, 2
KENHAKEAALE, KE 3 FAFRIFHLIT 0
= 8 i, R KWK 9 Fizn, TP04-1 ThffiHhk
(FXFF TPL1-DHWE 4 fios.
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Table 8 Startup mode of different generator locations

J3 HAMw JiEla i oiMw s MW

B
KHL OBTRBIE K BIRRIR K BTRRIE
B0O3  793.09 500 — 500 400 500
BO4 400 500 400 500 400 500
BOS — 800 — 800 / 800
B06 — 500  801.02 500 39810 500
B09 480 — 480 — 240 —
BI10 300 — 300 — 300 —
Bl 300 — 300 — 540 —

R9 TEXEBHEENIEREREE

Table 9 Damping ratio of different generator locations

) &3 H J1/MW 23 tH J1/MW
FEHLIT 3 — TH/B
KH eI KCHL
HAT R DAS  1196.07 0.0037
H 3 1193.09 0.0155
) 2300 1080
Jix 4 1201.02 —-0.000 1
775 1198.10 0.0121
65 T T T
— HADAS  —HA3 —Hh4 —ls

60

55¢

50

FAXT T A1(%)

ast

40 b

U
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' I )/s
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Fig. 4 Rotor angle of different generator locations
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2o AR ), HEKRRFEKRLT, &
FaEVEREC, IBIEE . Zamig I kg 3. 5,
BEJB L ARSI FH % 0.0155, 0.0121, D4R &2
59, BARE KT EIER R T KTy
4, PHJBLEREZ-0.0001, DhfdRiai R, shatee
KA
223 LREHRERAME
FERGUE W BAS BRedi bt. 52



15

RS W RAEFRMERBI(—): ThAFRE CSEE-RAS 5977

FRIEE DR IAL /RN, i A nisiE
LR R IAME, W HE 2 MARZAT A,
FAFREMER W, FREK TR 10 s, TP04-1
A 2R HIXS T TP1I-D)IE 5 fioR.

Fz 10 T EIZESHMMEREL

Table 10 Damping ratio of different line parameters

BT AR L& fHi/pu WA /MW FHLJE L
547720 DAS 0.0166 2648.4 0.0037
Ji 6 0.0126 2647.4 0.0305
FR7 0.020 6 2649.4 0.0008

75

70 +
65
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W [=}
T T

AHXT T A/0)
5 & o
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S
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[%)
(=}

— JEAJTRDAS
10 15 20
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El5 TELES RN HZ
Fig. 5 Rotor angle of different line parameters
25532 10 AEL 5 AT, g/ r pan T K6,
AT RIS SRR, T RRIA . R RG A
BRZ, PHJBLETHZ 0.0305, Thffy 2k F 54
R ez, BRI 7, HERR SR
RIRGS, BLIBLLFEE 0.000 8, Thf i Zir S IE iR
Do LRI HTERYT, S0 S TE R R A M
Jit, WE RN DRGSR e AR E KT
2.2.4 B AEURAR AL B R 1) SRS
973 BT RE YRR HL I 25 B 300 8] A 2y LR K
(B4R IR T 2 B X B A Th f AR e KT I R
W, ERGUEM A, B BrRelE bt Hl
HIENALE . L HREE DR IIAZRIFR T, &
B2 FOANFERESRE, KT ImE 11 PR,
TP04-1 Ui H ZE(HHXT T~ TP11-1) a1 & 6 P
LEEHNE 1. 2 ATAL, A DIHERUKEH 50%
B 22 20%00 S Jk/b 1T REISAR 5 I IR) A AT T 2h
&1l TREAMERKFERIERE

Table 11 Damping ratio of different active current levels

o]
W

(=]
w

1 e A YK % FHLJE L
HIUR SR NE 50 0.0037
K 1 20 0.004 5
SR 2 80 0.003 5

65

60

AR ThA/(°)
5 g 2

Ny
(=]

)

W
T T T
—_—

30 — 51

_ o

5 ) — SR
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I A]/s

6 TREIBINERKFHITALZ
Fig. 6 Rotor angle of different active current levels

2, AR KBS 1A D) B Sk s LA
ROINER P, A4 D P sk s, FHLJE LTt 2 0.0045,
A&FaE AR %S H0T 2 80%I, &7t
TARZ AT REUEA DhK-F, HOK T S EIE A T
JE T3 BB LA E , R DA ARIE O, FHJE
ELFE 4 0.0035, BhaAaE KT R,

3 EXNUIARESR

BENMRRERBRNRAZI MG, &
7] 25 . AL R R 8] 25 48 AT F 3 I 21058 1 5k B 31
Fk R e M. BB SRR ED
St 2 P vy LA BT RE YR B N X A8 T AL VR B R TR T A
Dhfafee RetE o sgmm .
3.1 IHEME

B AT N A ) A A8 € (transient  angle
stability, TAS): 7E R SCHTIA BN A Th M Fa e 3 5e
E, BRI 6 G KA 14 GFREIENLAL N E
WK, R KA ) 5374.64MW, HAX
A KHL 3274.64MW, X3 B K 2100MW, 3
3 3 G 300Mvar AN KHLL AR 2 FloErREYER
ST 5390MW, X3k A HTRETR 3890 MW,  [X 15
B #rfgli 1500MW; SHragdEt 77 5 N 50.07%,
FEHLTT W 12 Fons KRGS A 10537MW,
i AR 4 BHUEIESMNEDIZE 3000MW; XA
LA IEIE BO1—B11 #METIE 3200MW. 54k,
B M PSS S H o 1F FHLJE LA 3h 2 Th M 4R
D, BRI R LI B S T AR e R

MR ZEE% BO1—BI11 £ =1.00s If &4
MK AMERRS, =1.16s WL BRI,
%L Zum AL I A T A RP (R T 32 o pL 2
TPLI-DWE 7 Frox. EHATRH, =1.10s B #fEL
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Table 12 Startup mode of transient stability scenario

EIN KHL/ i1 ANy
X35 ‘ B SR EE
R MW MW Mvar
B03 1200 2 1230 5 — —
3% ¥ B04 500 1 800 4 o —
Xi A  BO5 1200 3 960 4 o —
B06 374.64 1 900 3 o —
BOS — — - = 900 3
52 Vit B09 900 3 — — — —
X B  BI0 900 2 600 3 — —
Bl 300 1 900 4 — —
&t — 537464 13 5390 23 900 3
400 .
— TP03-1
350 — TP04-1
— TP09-1
300F — 7p10-1
250
& 200 ‘
] LA
Z 150
=
100
50¢ FiLa 1
50 .
0 1 2 3 4 5
i 1) /s

7 EISTHFANE R L

Fig. 7 Response curve of rotor angle transient stability
WU, RGESIMRE, HNHEZERES
D 2 AF—[a] 500 kV ATk 2% 2 i b W T A E A
(GEM R 0.09s JEVIER, ZifE sl 0.10s JaYIER)
I, RGORFFAR IS AT AL TR ik 73X — 2K,
RSB v R 3 — S e Aa e bt

bR R EOE . ImbLAL A EAT TR,
IRENHLL D) M RR IR AR IT LB RO e &, AL
TEBIARESY R A V)RR A5 H A& R
A DDA e R AR MR 2 %, IR T F 4 3d8 3 T
RALRE 7, B AEE P AL SO, R S
RET TR, BETTHISS 1R AIEE s R RE ST, el
RGN FRREEEMN, &P SM R,
3.2 HUBMSIR

FE = LB RE IR A ELIRTR IR R gt b, el
Ity FUHBAALE . R EHI RN . B
IR AER Z 2 RGP IR BA R, EiRFEER
XF D AR AR AR B M IR AN T A0 . A5k F AR PR
IR 1] (critical clearing time, CCT)!WE N &%
TEM LSRR, I BURE D A B R E X R4t
R KT HIREM , AT S CSEE-RAS RGTHIE 25

I e e R
32,1 HraelE 1Ak

ERGSH S, Bods. PLARAME. KH
TIBTE DRI 2 G4 T, @ik 53 eSS
EEAERE 600MW), &E 4 MARH )L
NI T, 8BRSk 13 Fior.

®13 TEFHFEERE DGR CCT
Table 13 CCT of different penetration levels

iRIIVIE:N T i e CCT/s
BREE/MW  BTEER/MW TS %

HAFTAXTAS 3890 1500 50.07 0.156

i1 4490 1500 55.62 0.200

i 2 3290 1500 44.51 0.131

Ji 3 3890 2100 55.67 0.133

Ji 4 3890 900 44.46 0.190

H2 13 AIAN, B T34 b B 5 5 52 i B REVA 43
AT RADMARREATF T L 4 RZ, KiF
1 S B 52 T BEVRURE DN E M L U T 3K 2.
3. XTI 1. 3 B9 CCT W%, fEiE. i
73 ) HEOT  BE U LA T AR L ) o B R T 2K
N, BEREVERE ISR BRI S A B
REVR 1 77 5 B3 — R AR BEAT PR RE VP A & 40 H Ay
TR, R AAESE . B ReIR T HL T 2.
322 KH/BBERNLAE AL E

FERGRW ) SR Bl b, =&
ELIEE R IR Z e T, Wik, Zin
PUARIEAALE, WE 3 FAFEIIL AR 14
Fios, REEKFHIIER 15 fis.

F14 TRNEENIBHOFNSR
Table 14 Startup mode of different generator locations

A siimmw  gite imw i 7 HJiMw
B ki HRER DG ) KHE BRI

B03 1200 750 600 1500 1600 610
B04 1095 400 200 1490 1600 400
BO5 1800 645 600 1200 1800 480

B06  367.62 900 376.61 1200 390.95 300

B09 450 0 1800 — — 1200
B10 300 1495 1200 — — 1200
B11 155 1200 600 — — 1200

HHEE 15 A1, 4ERpH el th /) & b 50.07%(hF
NEETREVE S ) 5390 MW)ANAS, 1% Ae R L )
M, FARIAREKEEE: RZ, FEKFR
Ko KH/FRETEMLA BN BAE, XFRFFHLT
R CCT ZENBK, RPLHIENALE 5
ZARGESAREENEERE.
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F15 TERHEENIERN CCT
Table 15 CCT of different generator locations

) %3 H /MW S H SI/MW
T " ——— CCT/s
KH B REIR KH B REIR
FA T TAS 3274.64 3890 2100 1500  0.156
H s 4462.62 2695 905 2695  0.100
H 6 1776.61 5390 3600 — 0.400
HR 7 5390.95 1790 — 3600  0.002

current order limiter, VDCOL)Z#{, W B A~ [Fl#% i
W, AEIRASE K THNE 18 BT 28 Lo Uttous
Udnigh 72 9 B LR 2 e /IME . VDCOL JH 3l H
JEE{E. VDCOL B i EBIME, bR LA Lomin
— M E N 0.10pus

%18 TEER VDCOL =HEH K CCT
Table 18 CCT of different VDCOL control parameters

323 RGWINRKF

FER AR PN VA= NI 131803 7 i = AN i B
DIRIAZRZFIRT, WE 2 MAREITK 1z
177720 [RERERETE 16 P, Hih )ik
SRR 5%, CCT 42714 0.180s, AT
RO R R, MRS E 5%,
CCT PRIKZE 0.120s, FREMHERFIK.

&16 REFBRAKTER CCT
Table 16 CCT of different power flow levels

o K H Bl LPIBIE
18477730 ) CCT/s
HMw HHmMw H /MW
HEAFNTAS  5374.64 5390.0 3189.4 0.156
78 5099.95 5120.5 2877.0 0.180
Fx9 5651.12 5659.5 3503.4 0.120

3.2.4  HTREURAK L s T R A ) SR
FERGUA . B, HIAEAALE ., Hrie
P Iy ZLEREERIAR R, &
B 4 PSR R R PR o S 1 SR, 45 BAE K-
ik 17 fios.
®17 FRBNRRKFEH CCT
Table 17 CCT of different active current levels
& 23 A )

Fel AT AT
HIEH AN 50 50 0.156
EH 20 50 0.206
Hehg 2 80 50 0.120
K 3 50 20 0.142
Hemg 4 50 80 0.173

HHEE 17 %N, 383 Reds A D /K1 i
fr, I K L AN D) E R, A Y AR E M
FERR/NUNSERE 1. 25 S2umHt Re s A T B 7K Bk
i, VA VISCHERE R, R A R R T SR e
3. 4.

3.2.5 BRI BR I H] SR s

ERGUSH I Bfdr. VAL E . #ife
P A REBEE RS AT L T, @
i AR B K E BR 3R FE 9T (voltage  department

1E Ugiow=0.30pu %14~ TE Ugnigh=0.80pu 551 F

Ugnign/pu CCT/s Udgiow/pu CCT/s
0.60 0.170 0.15 0.160
0.70 0.167 0.30 0.156
0.80 0.156 0.45 0.155

H12 18 AN, 24 Ugiow B Udnigh FEAIRINT, ATHE K
AHIE) B LR T I ELIR H IR TR 2 B AR, iRl
S8 B DR AR, R 42 A A IR TE 1Y
AIMRZE, BRUMEERERR: RZ, 2 Ugow
5% Udnign Femny, AHFEEREE NERERE 2R
fED, EIRA DR R AR ST, R e BRI,

4 Z5ip

AL Er v A B R R AC B I VR IR H )
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IR A
KAl ZESH
Table A1 Parameters of transmission line
iide] YRR AT 19 25 i BH/pu Hi/pu F.44/pu B R /kV F£ 51 [H1#%
1 B02 BO1 0.0002 0.0067 0.3926 525 2
2 B03 BO1 — 0.0004 — 525 1
3 B04 B02 — 0.0001 — 525 1
4 BOS B07 0.000 89 0.020 12 1.164 525 2
5 B06 B07 0.00023 0.004 3 0.262 525 2
6 B07 B02 0.000 13 0.002 52 0.1643 525 3
7 B08 B09 0.000 14 0.00197 0.109 84 525 2
8 B09 B10 0.000 14 0.00197 0.309 84 525 2
9 Bl11 B10 0.000 25 0.009 21 0.5379 525 2
10 Bl11 BO1 0.000 45 0.0166 0.968 2 525 2
11 Bl14 B15 0.001 86 0.1307 0.2412 230 2
12 Bl14 B16 0.001 86 0.1307 0.2412 230 2
13 Bl14 B17 0.001 86 0.1307 0.2412 230 2
14 B18 B19 0.001 86 0.1307 0.2412 230 2
15 B18 B20 0.001 86 0.1307 0.2412 230 2
16 B21 B22 0.001 86 0.1307 0.2412 230 2
17 B21 B23 0.001 86 0.1307 0.2412 230 2
18 B21 B24 0.001 86 0.1307 0.2412 230 2
19 B25 B26 0.001 86 0.1307 0.2412 230 2
20 B25 B27 0.001 86 0.1307 0.2412 230 2
21 B30 B31 0.001 86 0.1307 0.2412 230 2
22 B30 B32 0.001 86 0.1307 0.2412 230 2
23 B34 B35 0.001 86 0.1307 0.2412 230 2
24 B34 B36 0.001 86 0.1307 0.2412 230 2
FA2 BERATERSH
Table A2 Parameters of two winding transformer
iide] EEods! A R Jbi/pu BE 2 H/MVA S R /kV BIEAALL L
1 B07 DPO1 0.006 3000 525/210 1 1
2 B07 DNO1 0.006 3000 525/210 1 1
3 BO08 DP02 0.006 3000 525/199 1 1
4 B08 DNO02 0.006 3000 525/199 1 1
5 BO08 SC08-1 0.023 360 525/20 1 1
6 B08 SCO08-2 0.023 360 525/20 1 1
7 B08 SCO08-3 0.023 360 525/20 1 1
8 B15 B39 0.035 300 230/37 1 1
9 B15 B40 0.035 300 230/37 1 1
10 Bl16 B41 0.035 300 230/37 1 1
11 Bl16 B42 0.035 300 230/37 1 1
12 B17 B43 0.035 300 230/37 1 1
13 B17 B44 0.035 300 230/37 1 1
14 B19 B46 0.035 300 230/37 1 1
15 B19 B47 0.035 300 230/37 1 1
16 B20 B48 0.035 300 230/37 1 1
17 B20 B49 0.035 300 230/37 1 1
18 B22 B51 0.035 300 230/37 1 1
19 B22 B52 0.035 300 230/37 1 1
20 B23 B53 0.035 300 230/37 1 1
21 B23 B54 0.035 300 230/37 1 1
22 B24 B55 0.035 300 230/37 1 1
23 B24 BS56 0.035 300 230/37 1 1
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24 B26 B58 0.035 300 230/37 1 1
25 B26 B59 0.035 300 230/37 1 1
26 B27 B60 0.035 300 230/37 1 1
27 B27 Bo6l 0.035 300 230/37 1 1
28 B31 Bo64 0.035 300 230/37 1 1
29 B31 B65 0.035 300 230/37 1 1
30 B32 B66 0.035 300 230/37 1 1
31 B32 B67 0.035 300 230/37 1 1
32 B35 B70 0.035 300 230/37 1 1
33 B35 B71 0.035 300 230/37 1 1
34 B36 B72 0.035 300 230/37 1 1
35 B36 B73 0.035 300 230/37 1 1
36 WTO03-1 B39 0.021 67 300 0.69/37 1 1
37 WTO03-2 B40 0.021 67 300 0.69/37 1 1
38 WTO03-3 B41 0.021 67 300 0.69/37 1 1
39 WTO03-4 B42 0.018 06 300 0.4/37 1 1
40 PV03-1 B43 0.018 06 360 0.4/37 1 1
41 PVO03-2 B44 0.018 06 360 0.4/37 1 1
42 WTO04-1 B46 0.021 67 300 0.69/37 1 1
43 WTO04-2 B47 0.021 67 300 0.69/37 1 1
44 WTO04-3 B48 0.021 67 300 0.69/37 1 1
45 WTO04-4 B49 0.021 67 300 0.69/37 1 1
46 WTO05-1 B51 0.021 67 300 0.69/37 1 1
47 WTO05-2 B52 0.021 67 300 0.69/37 1 1
48 WTO05-3 B53 0.021 67 300 0.69/37 1 1
49 WTO05-4 B54 0.2167 300 0.69/37 1 1
50 PVO05-1 B54 0.018 06 360 0.4/37 1 1
51 PV05-2 B55 0.018 06 360 0.4/37 1 1
52 PV06-1 B58 0.018 06 360 0.4/37 1 1
53 PV06-2 B59 0.018 06 360 0.4/37 1 1
54 PV06-3 B60 0.018 06 360 0.4/37 1 1
55 PV06-4 Bo61 0.018 06 360 0.4/37 1 1
56 PV10-1 B64 0.018 06 360 0.4/37 1 1
57 PV10-2 B65 0.018 06 360 0.4/37 1 1
58 PV10-3 B66 0.018 06 360 0.4/37 1 1
59 PV10-4 B67 0.018 06 360 0.4/37 1 1
60 PV11-1 B70 0.018 06 360 0.4/37 1 1
61 PV11-2 B71 0.018 06 360 0.4/37 1 1
62 PV11-3 B72 0.018 06 360 0.4/37 1 1
63 PV11-4 B73 0.018 06 360 0.4/37 1 1
64 TPO03-1 B03 0.022 64 780 20/525 1 1
65 TP03-2 B03 0.022 64 780 20/525 1 1
66 TP04-1 B04 0.022 64 780 20/525 1 1
67 TPOS-1 BO5 0.022 64 780 20/525 1 1
68 TP05-2 BO5 0.022 64 780 20/525 1 1
69 TP05-3 BO5 0.022 64 780 20/525 1 1
70 TPO06-1 B06 0.022 64 780 20/525 1 1
71 TP09-1 B09 0.022 64 780 20/525 1 1
72 TP09-2 B09 0.022 64 780 20/525 1 1
73 TP09-3 B09 0.022 64 780 20/525 1 1
74 TP10-1 B10 0.022 64 780 20/525 1 1
75 TP10-2 B10 0.022 64 780 20/525 1 1
76 TP11-1 BIl1 0.022 64 780 20/525 1 1




15 A B RGNFHERGI(—): DifMFeE CSEE-RAS 5983

RAI ZRATERSHY
Table A3 Parameters of three winding transformer

i AR s 28 44 B HiHt 1/pu HiHt 2/pu HLPT 3/pu HE 45 E/MVA He e L /K V A AR AR L

1 T3-01 0.02143 -0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

2 T3-02 0.02143 —-0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

3 T3-03 0.0157 —0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

4 T3-04 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

5 T3-05 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

6 T3-06 0.0157 —0.00158 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

7 T3-07 0.0157 —-0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

8 T3-08 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

9 T3-09 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

10 T3-10 0.0157 —0.00158 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

11 T3-11 0.02143 -0.0021 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

12 T3-12 0.02143 -0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

13 T3-13 0.02143 -0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

14 T3-14 0.02143 —-0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

15 T3-15 0.02143 -0.0021 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

16 T3-16 0.02143 -0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

17 T3-17 0.02143 -0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

18 T3-18 0.02143 —-0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

19 T3-19 0.02143 -0.0021 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

20 T3-20 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

21 T3-21 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

22 T3-22 0.02143 —-0.002 1 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

23 T3-23 0.02143 -0.0021 0.04093 1000/1 000/300 525/230/37 1.0/1.0/1.0

24 T3-24 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

25 T3-25 0.0157 -0.001 58 0.026 68 1000/1 000/360 525/230/37 1.0/1.0/1.0

R A4 NBHESH RAS HFREFESH
Table A4 Parameters of thermal plants Table AS Parameters of renewable energy
Fro RANARR  WRRE BERE/MVA  BEAII/MW P WReIEHLAL A B B BUE & E/MVA
1 SCO08-1 PV 300 - 1 WTO03-1 PQ 320
2 SC08-2 PV 300 — 2 WTO03-2 PQ 320
3 $C08-3 PV 300 — 3 WT03-3 PQ 320
4 TP03-1 PV 667 600 4 WT03-4 PQ 320
5 TP03-2 PV 667 600 5 WTod-1 PQ 320
6 TPO4-1 PV 667 600 6 Wrod-2 FQ 320
7 TPO5-1 PV 667 600 7 W04 e 320
8 WT04-4 PQ 320
8 TP05-2 PV 667 600

9 WTO05-1 PQ 320
9 TP05-3 PV 667 600 10 WT05.2 PQ 220
10 TPO6-1 Slack 667 600 1 WT05-3 PQ 120
11 TP09-1 PV 667 600 1 WT05-4 PQ 320
12 TP10-1 PV 667 600 13 PVO3-1 PQ 315
13 TP10-2 PV 667 600 14 PVO32 PQ 315
14 TP11-1 PV 667 600 15 PV05-1 PQ 315
15 TP11-2 PV 667 600 16 PV05-2 PQ 315
16 TP11-3 PV 667 600 17 PV06-1 PQ 315
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gk < A8 FHELIEEIAN PSS HEEISH
e FeLIENLH LR 4 WiE 75 /MVA Table A8 Parameters of excitation model and PSS model
18 PV06-2 PQ 315 SRR PSS 58
19 PV06-3 PQ 315 E S 23 ES S
20 PV06-4 PQ 315 LN SR PSS 2% XA ZY PSS
21 PV10-1 PQ 315 WA AR 3 K/pu 500.00 Kr 1.00
22 PV10-2 PQ 315 T 1.00 Ks 1.00
23 PV10-3 PQ 315 T, 8.33 Kp 1.00
24 PV10-4 PQ 315 T 0.10 T 0.21
25 PV1I-1 PQ 315 T, 0.10 T 0.03
26 PV11-2 PQ 315 TR 225 Ka/pu 1.00 T; 0.30
27 PV11-3 PQ 315 Vimax 7.88 T, 0.03
28 PV11-4 PQ 315 Vimin -5.70 Vmas 0.10
— — Vsmin -0.10

R A6 FREIRITHIRME
Table A6  Control strategy of renewable energy

B & 2R
1K HRLP 2 I 2 A 1 0.90 pu
RS JE R 5 F I A 0.90 pu
i 652 B 2 B
) A Iz ‘
R ZF WA B I RESIE 50%
Th R 42l o R 2 ) 6 T L O
FThE T ) y
TR R B 1.50
k2 & AR A e gy = T IRAE E R 4.5MW/s
IhEed i T T5 2 SRR E AR

T AT EREESH
Table A7 Parameters of DC model

4R ZH
FRAR RIS Ginax 0.1
B R A AR 42 AT 1) 5 2 T/ 0.012
5E R R LL B 28 K e 10
SE HRLALAZE ) 1 30
L SN Lo Rt VRN =T 30
SR MR £ ) A BT RS R s 0.37
VDCOL J& 3 i K BI{E Ugiow pu 0.30
VDCOL 3Bt H  B{H Ugnign/pu 0.80
VDCOL £/ 2 BUH Lomin/pu 0.10
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The stability characteristics of AC-DC hybrid power
grids with high proportion of renewable energy have
profound changes, and rotor angle stability remains a key
issue that threatens the operation safety. Related studies
have required higher demands on the authenticity,
rationality and representativeness of benchmark test system.

In this paper, the rotor angle stability benchmark
test system aimed to utilize for electromagnetic transient
simulation is constructed based on the practical topology
and data by Chinese Society for Electrical Engineering
(CSEE-RAS). The of
aforementioned benchmark is 500kV and this benchmark

main grid voltage level
includes 2 regions, 1 AC transmission channel and 1 DC
transmission channel. The system topology is shown in
Fig. 1, the region A is the sending system and the region
B is the receiving system.
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©
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Fig.1 System topology of CSEE-RAS

The installed capacity of renewable energy in the
benchmark test system is more than 50%. According to
the system structure, dynamic and transient rotor angle
stability scenarios are provided by adjusting the
operation mode, and the penetration level of renewable
energy in the above scenarios is above 50%.

The response curve of rotor angle dynamic stability
is shown in Fig. 2. The damping ratio is selected to
evaluate dynamic rotor angle stability. And impact
factors that influence dynamic rotor angle stability level
are renewable energy penetration, thermal power plant

location, renewable energy control strategy and the line

S11

series compensation. These impact factors are used to

obtain the sensitivity analysis.
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Fig.2 Response curve of rotor angle dynamic stability

The response curve of rotor angle transient stability
is shown in Fig. 3. The critical clearing time (CCT) is
selected to evaluate dynamic rotor angle stability. Impact
factors that influence transient rotor angle stability level
are renewable energy penetration, renewable energy
plant location, thermal power plant location, the power
flow level, renewable energy control strategy and
VDCOL control strategy. And these impact factors are

used to obtain the sensitivity analysis.
400

— TP03-1
— TP04-1
— TP09-1
— TP10-1

350
300 f
250
200 |

Sending thermal plant

o)

150 -
100 -

50

Receiving thermal plant |~

0 e T PR ]
-50

0 1 2 3 4 5

Fig.3 Response curve of rotor angle transient stability

Sensitivity —analysis results show that this
electromagnetic transient simulation benchmark is able
to comprehensively reflects the characteristics of

different rotor angle stability issues and has flexible
extensibility. Sharing the benchmark test system can
provide a basic platform for related research of rotor
angle stability analysis and control, and contribute to the
horizontal comparison of different conclusions as well as
the improvement of research efficiency.



