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Fig.1 Schematic diagram of security correction control
based on steady-state security region after
stretching transformation
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Planned valve group entry / exit control method for
UHV multi-terminal hybrid HVDC system
LIU Jingjia,MEI Hongming, LIU Shu, YU Hualong, WANG Jieqing
(Beijing Sifang Automation Co.,Ltd.,Beijing 100085, China)
Abstract: The existing valve group entry / exit control strategies are only suitable for two-terminal LCC-UH-
VDC(Line Commutated Converter Ultra-High Voltage DC) transmission system,but cannot be used in VSC-
UHVDC (Voltage Source Converter Ultra-High Voltage DC) transmission system and multi-terminal hybrid
UHVDC transmission system, for which, based on the background of the project transmitting power from
Wudongde power station to Guangdong and Guangxi, a planned valve group entry / exit control method
based on hybrid bridge MMC (Modular Multilevel Converter) is proposed, and the existing planned valve
group entry / exit control method for LCC-HVDC is improved. The hardware closed-loop test is performed
in RTDS simulation test platform, and results show that the proposed method can smoothly and quickly
complete the planned valve group entry / exit in multi-terminal hybrid UHVDC transmission system.
Key words: UHVDC; multi-terminal hybrid HVDC system;zero voltage deblock of MMC;planned valve group

entry / exit;improved valve group entry / exit control

(E#% 150 W continued from page 150)
Security correction strategy of AC / DC hybrid system based on
security distance sensitivity
CHEN Zhong'?,ZHU Zhengguang'*, YAN Jun'?
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;
2. Jiangsu Key Laboratory of Smart Grid Technology and Equipment,Nanjing 210096, China)

Abstract: In the large-scale AC / DC hybrid system, the dynamic characteristics of AC / DC hybrid power
grid have been fundamentally changed due to the large capacity, flexible and controllable characteristics of
the DC system,and the difficulty of operation and control has increased sharply. The large-scale transfer of
power flow after DC blocking will seriously affect the stable operation of the system. It is urgent to study
the security correction strategy of AC / DC hybrid system. Therefore, a safety correction method for AC /
DC hybrid system based on steady-state security distance sensitivity is proposed. Based on the steady-state
security region theory of AC / DC hybrid system,in order to meet the requirements of online calculation of
power system, the linear fitting of the security region boundary surface is performed and the calculation
method of security distance and its sensitivity are given. The control cost of different dimensional variables
is characterized by the expansion and contraction of the security region,on this basis, the security correc-
tion guidance vector is obtained. According to the sensitivity of each control variable to the guidance vec-
tor and the actual adjustment ability of each control variable,it is sorted and substituted into the security
correction model to minimize the total adjustment during the regulation process. Based on the analysis and
calculation of the modified IEEE 39-bus AC / DC hybrid system and the simplified actual power grid, the
correctness and effectiveness of the proposed security correction strategy are verified.

Key words: AC / DC hybrid system; steady-state security region; linear fitting; security distance sensitivity ; secu-

rity correction
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#& D1 BU&fE IEEE 39 TR ARG & TR K BILMGEE
Table D1 Data of generators and loads for modified IEEE 39-bus system

5 ﬁ%ﬂf\;ﬁ HIS MW | ﬁfﬁﬂf\f HISRMW | ﬁ%\f\f 5 MW
1 0 97.6 14 0 0 27 0 281
2 0 0 15 0 320 28 0 206
3 0 322 16 0 329 29 0 283.5
4 0 500 17 0 0 30 250 0
5 0 0 18 0 158 31 678 9.2
6 0 0 19 0 0 32 650 0
7 0 233.8 20 0 680 33 632 0
8 0 522 21 0 274 34 508 0
9 0 6.5 22 0 0 35 650 0
10 0 0 23 0 247.5 36 560 0
11 0 0 24 0 308.6 37 540 0
12 0 8.53 25 0 224 38 830 0
13 0 0 26 0 139 39 1000 1104

% D2 UE/F IEEE 39 13 m R Gtk i B T MR R &4

Table D2 Active power transmission limits of lines for modified IEEE 39-bus system

gt AUMERREMW | i FUMERRRMW | &E FOMERREMW | Al G RRMW
1-2 600 6-31 1800 15-16 600 22-35 900
1-39 1000 7-8 900 16-17 600 23-24 600
2-3 500 8-9 900 16-19 600 23-36 900
2-30 900 9-39 900 16-21 600 25-26 600
3-4 500 10-11 600 16-24 600 25-37 900
3-18 500 10-13 600 17-27 600 26-27 600
4-5 600 10-32 900 19-20 900 26-28 600
5-6 1200 12-11 200 19-33 900 26-39 600
5-8 900 12-13 500 20-34 900 28-29 600
6-7 900 13-14 600 21-22 900 29-38 1200
6-11 480 14-15 600 22-23 420

% D3 LCC ERAGZHVBEITEH
Table D3 Initial operation parameters of LCC-HVDC systems

HIR R HRHEAV O HRHER/A  RAEIAC) B A B/ Mvar
953 B 500 490 16.1 17.8 1 138.9
A 494.9 490 17.7 16.3 1 143.6
1718 B 500 400 16.8 15.6 0.98 113.4
AR 495.8 400 18.1 13.7 1 116.1
144 B 500 530 16.6 18.7 1 146.7
AR M 494.4 530 17.4 17.2 1 149.5

* D4 XMAGM LCC ERARBITARN LT IRE
Table D4 Upper and lower limits of operation constraints for AC system and LCC-HVDC system

BATAR LBR TRR

RN 1.06 0.94

LCC Hiit & 0.85 1.2
LCC B 1.1 0.2
fi & £ /(°) 45 5
KEAA/(°) 35 15
ToIhAME 25 i /Mvar 200 0
X 2% Bk 2 0.8

VE: RPMATSEE. LCC BB E . LCC B B IR IR L 1H .
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Fig.D3 Fitting goodness value of each effective boundary surface

D5 B AR FEHZEMEINE R

Table D5 Linear fitting coefficients of partial effective boundary surfaces

NPT R 11-6 AHAZE  HIE 17-18 bk M X . L 11-6 MfMZE  HIE 17-18 itk A
‘;é‘("_' iEi~“"‘E i%ﬁ’_' i:ugAu‘/\F—‘
S L A Bl P A i EIR/C) FIRA) B L IR AR EIC) FHE)
T 1 g A -0.02281 -0.00678 1585 26 Safi L) 0.01326 0.01212
T 1 AT 0.01519 0.01383 I 27 AT -0.02113 -0.00721
95 3 Fufai A -0.02147 -0.00652 1915 27 S o h 0.01052 0.00981
T3 LT 0.01343 0.01395 i 28 A AT -0.02731 -0.00402
T 4 S A -0.03337 -0.00449 1585 28 fafi LI 0.01609 0.01133
T 4 TR 0.00716 0.01472 T8 29 AT -0.02906 -0.00549
7 Fufai A -0.02131 -0.005678 19 15 29 g o h 0.00775 0.01429
TR T A T 0.01581 0.01040 3B -0.05286 -0.00265
195 8 Fufui A5 -0.02568 -0.00519 19 5 31 Ml HLE 0.20331 0.24319
8 g T 0.01058 0.00787 T2 BN -0.03171 -0.00571
59 Fufui A5 -0.03375 -0.00409 19 15 32 Ml HLUE 0.21018 0.28736
9 A T 0.01315 0.00933 T 33 HYM D -0.03231 -0.00758
T 12 S 2 -0.03101 -0.00464 19 15 33 Ml HLUE 0.288510 0.28046
12 e Th 0.01472 0.01371 T 34 HYH D -0.03033 -0.01211
T 15 A Th -0.02699 -0.00463 155 34 Ml L 0.26713 0.22912
1515 B Th 0.01108 0.01075 T35S BN -0.02837 -0.00423
T 16 A A Ih -0.02063 -0.00479 1535 Ml L 0.11321 0.32011
10516 A B Th 0.01303 0.00876 i 36 HUIH N -0.02941 -0.00405
T 18 A Th -0.02054 -0.00702 1 5536 Ml HLE 0.10871 0.28039
195 18 g oI 0.00878 0.00823 5 37 I A -0.02358 -0.00374
12520 A A Th -0.03128 -0.00656 15 37 Ml HLE 0.10536 0.18182
19 2 20 45 To 0.01387 0.01429 195 38 HIh A -0.02406 -0.01105
Fi 05 21 G h -0.02704 -0.00680 7 5 38 Ml HLE 0.10319 0.32502
195 21 figa o2 0.01075 0.01198 195 39 HIh A -0.02117 -0.00347
T 23 A A Th -0.02778 -0.00433 F1 AL 39 Wl H R 0.18579 0.19807
195 23 4 o 0.00916 0.01167 2R 25-2 ER -0.05732 0.04761
W58 24 T Th -0.02309 -0.00379 2% 25-2 B IR 0.10318 -0.00996
19 5 24 45 To 0.00777 0.00803 2R 17-18 B HIR -0.05907 0.07728
10525 AT A Th -0.03305 -0.00576 LR 17-18 B R 0.11002 -0.01872
19 25 F4e o 0.00812 0.01411 2% 14-4 B HIR -0.06143 0.05013
12526 MG Th -0.02889 -0.00398 2% 14-4 HRHBE 0.11986 -0.01027

& Do BEERAM T RIEHEREEERHE N SEFRETIRE

Table D6 Security distance sensitivity and adjustable ability of each control variable under single DC line blocking

TR R GRS REE SERRERERE S
2R % 25-2 EIR AT -0.5628 170 A

2% 25-2 RIS 0.5377 2.7°
2R 17-18 ELI AR -0.5013 260 A

2R 17-18 MK 0.4751 3.1°
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Table D7 Security distance sensitivity and adjustable ability of each control variable under double DC line blocking

AR ZAERRPUE BRI WA AR FEEBRGE bR
158 30 AR HHLE ) -0.3912 790 MW 19 A5 32 Ab 2 L ATLATL Y L 0.1565 0.0441
R 31 ALK EHLE T 0.1058 678 MW TR 33 Ab K FHTLHL G L R 0.1991 0.0572
158 32 AR HAHLE ) 0.2271 650MW 19 A5 34 b2 ALY L 0.1035 0.0723
R 33 MK EHLE T 0.1185 632 MW TR 35 b FATLIL G L R 0.1988 0.1094
105 34 R HENA T 0.1352 508 MW 12536 Kb R EALH LG FE -0.2045 0.0004
TR 35 MK H LA T 0.1774 650 MW TR 37 b FATLIL G R -0.2134 0.0325
10536 AR HEANA T -0.1568 20MW 105 38 bR AL FE -0.1732 0.0335
1 37 IR AL T -0.2186 24 MW 19 5 39 Ab 2 ALY L -0.1077 0.03
1 38 AR HNLA T 0.3653 830 MW 2R 17-18 B IR -0.5415 260 A
19 5 39 bR HALA 0.1865 1000 MW 2R 17-18 JEINA 0.5028 3.1°
1 530 Ak FATUY L R -0.1040 0.0101 i 4 b g 0 500 MW
19 25 31 AR HALA L L 0 0.078

T R R LI FLTS B S B 55 RE ) D AR XA, JE TR
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Table D8 Comparison of different correction control strategies under double DC line blocking

e e ey HEE
AR LU AR AT S D)

1585 30 AR HHLE ) 496 MW 505 MW 0
31 AR LA TH -38 MW 0 0
198 32 bR HHLE ) 22 MW -76 MW 0
I 33 AR LA TH -14 MW 0 0
198 34 AR HHLE ) 0 0 0
T 35 AR LA TH 27 MW 0 0
19 15 36 A K LA Th 20 MW 0 0
I 37 R HENLATH 24MW 45 MW 0
19 15 38 A LA Th 213 MW 475 MW -358 MW
T8 39 AR LA TH 234 MW 0 0

19 25 30 Ak LA HL 0.00001 0 0

1925 31 AL AL Lo L 0 0 0

F1 AL 32 Kbk H AL HL -0.00001 0 0

19 15 33 A H LA L -0.0002 -0.0003 0

T 5 34 bk ALY LU F R -0.0003 0 0

19 15 35 A HU LA LU -0.0004 -0.0004 0

1 AL 36 Ak H AL I L 0.0004 0.0004 0

1925 37 Kb AL LI HLR 0.0005 0.0005 0

1 5 38 Ak FEATL L F R 0.0005 0 0

19 15 39 A B AL HL 0 0 0
2% 17-18 EIRHITR 260 A 260 A 260 A

2R 17-18 FHIL S0 -1.1° -1.1° -1.1°
W 5 4 A g 0 0 -350 MW

Z 5B EA 19 10 4

T R R UYL R R A O bR X SR

* DY BITHER RS RYE K SIFRETIRE

Table D9 Security distance sensitivities and adjustable ability of control variables

BB R CAEE RS SRR RE )
ZREK% 17-18 EIE R -0.5289 260 A
2R 17-18 FHIL S 0.5027 3.1°
FT R 38 ALK HHLE T 0.4891 830 MW
19 4 b 0.4765 350 MW

P —
SR TR
| O, } & ik

| LA R R S o I

B D4 2% Safar fRiPIZ AEHERE]
Fig.D4 Logic block diagram of line overload protection




\
\
Zﬁﬁ

I
|
I
|
|
|

[ D5 &L BISEPREE M
Fig.D5 Simplified actual power grid
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Table D10 Data of generators and loads for simplified actual power grid

wig BRI movmw [ e BRI e | BB g
1 679.88 1104 14 0 8.53 27 671.12 0
2 0 97.6 15 0 0 28 0 283.5
3 0 322 16 662.08 9.2 29 0 206
4 631.2 0 17 670.68 0 30 0 339
5 535.62 0 18 508 0 31 0 281
6 0 24 19 628.66 0 32 0 0
7 0 6.5 20 0 680 33 0 158
8 0 522 21 0 0 34 0 329
9 0 233.8 22 668.2 0 35 0 308.6
10 0 0 23 535.62 0 36 0 320
11 0 0 24 0 0 37 0 0
12 0 0 25 0 2475 38 0 500
13 0 0 26 0 274
#F D11 (&1L SCPReE %k 38 B IR iR R
Table D11 Active power transmission limits of lines for simplified actual power grid
. A DA R . A D4 iR . A D4 iR . "
ik MW L% MW ik MW &k HIUERARIR/MW
1-2 1000 10-38 600 20-21 900 29-30 600
1-7 900 11-12 500 21-34 600 30-31 600
2-3 500 11-16 1800 22-24 900 31-32 600
2-4 900 12-14 500 23-25 900 32-33 600
5-6 900 12-15 600 24-25 500 32-34 600
7-8 900 13-14 500 24-26 900 34-35 600
8-9 900 13-15 600 25-35 600 34-36 600
8-10 900 15-17 900 27-28 1200 36-37 600
9-11 900 18-20 900 28-29 600 37-38 500
10-11 1200 19-21 900 28-30 600
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Fig.D6 Fitting goodness value of each effective boundary surface

D12 ELSEPREE M BT 8 R 20 E REUE K SIPRETIRE

Table D12 Security distance sensitivity and adjustable ability of each control variable for simplified actual power grid

TR SRR REEBREE BRI TR R REEBREE SRR

R KA D) -0.4237 420 MW T4 4 R E UL LR 0 0.007

T4 4 bRk B HLA T -0.2935 408 MW 1905 AR AL R -0.2267 0.005
RS AR A D) -0.2761 28 MW 1516 bk AL B R 0.3864 0.074
15816 AR HHLE ) 0.2808 662 MW 1917 A AL 0.3729 0.082
17 MK EHLE T 0.5749 671 MW 15 18 Kbk FATU L R -0.2951 0.05
15 18 AR HHLA T 0 508 MW 19519 A AL HL -0.3207 0.057
119 R FBHLE T -0.1972 23 MW 19 22 A S AL L 0.1879 0.12
158 22 AR HHLE ) 0.5004 668 MW 19 23 A S AL 0.2430 0.12
195 23 Ab R AL 0.2385 536 MW 19 27 A AL -0.1240 0.022
T 27 ek HENA T -0.6183 193 MW 2R % 6-30 ELi IR -0.1238 130 A

19 5 1 b AL L L E 0.1543 0.072 2% 6-30 SN SH 0.1175 2.4°

% D13 (&L SEPRER MY A RIS [E F 6l SR 1f EE

Table D13 Comparison of different correction control strategies for simplified actual power grid

I i e RS
R RO TR R
TS 1R EHAE D) 124.14 MW 151.8 MW
A4 KR ENLE 0 0
RS AR AT 28.17 MW 0
19516 &K HHLE Th -16.08 MW 0
R 1T AR EHA T -162.68 MW -202.6 MW
T 45 18 A& HHLAE Th 0 0
19 R LA TH 23.24 MW 0
198 22 AR HHLE ) -106.67 MW -138.9 MW
FT R 23 AR BN T) -19.16 MW 0
15827 AR HHLE ) 126.09 MW 173.1 MW
WA T AR LIS R 0 0
194 b AL R 0 0
FT RS b HUTIL S L R 0.001 0
195 16 A2 HATLAL S L R -0.041 -0.045
TR 17 A S H AL o E -0.057 -0.073
195 18 Ab 2 FLATLATL S H R 0.012 0.018
919 Kb HLHTLAL 3G L 0.02 0.024
TR 22 Kbk H UL o E -0.012 0
19 5 23 Ab 2 FUATLATL S HL R 0 0
1R 27 A H L oG EL 0.004 0
2% 6-30 B HLL 56 A 0
£ 6-30 SN -0.3° 0
Z 5 IA K 17 3
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