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Optimal control strategy of voltage dependent current order limiter
based on constant equivalent DC input resistance
LIU Bo',CHEN Zhong',YANG Kai',LU Chen',YAN Jun',ZHUANG Weijin®
(1. School of Electrical Engineering,Southeast University,Nanjing 210096, China;

2. China Electric Power Research Institute, Nanjing 210003, China)
Abstract: VDCOL (Voltage Dependent Current Order Limiter) is an important control link to suppress the
subsequent commutation failure of LCC-HVDC (Line-Commutated-Converter based High Voltage Direct Cur-
rent) system. By analyzing the converter commutation process of LCC-HVDC system,an evaluation index of
VDCOL optimal schemes based on equivalent DC input resistance and an optimal control strategy of VDCOL
based on constant equivalent DC input resistance are proposed. Based on the CIGRE HVDC standard test
model, different types of VDCOL optimal schemes during fault period is simulated and tested to verify the
rationality of the proposed evaluation index and the effectiveness of the proposed control strategy. The simu-
lative results show that the equivalent DC input resistance is positively correlated with the turn-off angle
during fault period. After adopting the proposed control strategy,the equivalent DC input resistance can be
restored as soon as possible and keep at around 1.0 p.u.. At the same time,the proposed control strategy
can effectively suppress the subsequent commutation failure of LCC-HVDC system.

Key words: HVDC power transmission system;commutation failure;evaluation index; VDCOL;optimization
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Reliability evaluation to UPFC with abnormal state and routine test

LI Shenghu'?,HU Tao"?,CHANG Yaling'?
(1. School of Electrical Engineering and Automation,Hefei University of Technology, Hefei 230009, China;
2. Anhui Province Key Laboratory of Renewable Power Utilization and Energy Saving,Hefei 230009, China)

Abstract: The availability of UPFC(Unified Power Flow Controller) depends on the reliability of its compo-
nents and their routine test strategies. According to the sudden failure ratio of the component,a calculative
method of the transition rate of the component with abnormal state is proposed,and the state-space model
of UPFC with abnormal state and routine test is built. A sensitivity model of UPFC reliability to failure ratio
of the component is built to confirm the vulnerable component, moreover the influence of the routine test
parameters on the UPFC’s reliability is quantified. According to the analytical results of sensitivity model,
the vulnerable component of UPFC is confirmed,the reliability of UPFC with abnormal state and the routine
test is quantified,and the influences of the ratio of sudden failure and the ratio from the abnormal state to
failure state on the UPFC’s reliability are analyzed. The accuracy of the sensitivity analysis method of
UPFC reliability with routine test is verified by comparing with the perturbation method.

Key words: UPFC;reliability ;abnormal state jroutine test;sensitivity analysis
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Table A1 Operation capacity of UPFC before and after equivalence

FEAREF S HHERESFS Suc Esm sc eq
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4 4 05 1.0 05 0.75
5 5 0.5 0.5 0.5 0.5
6 6 0 0 05 0.25
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* A2 UPFC L&
Table A2 Component parameters of UPFC
BAL: K/a

JefF o u y
Sin-v 0.14  8760/6 8 760/2
Sp-v 0.14  8760/6 8 760/2
™, 0.10  8760/30
™, 0.10  8760/30
CG 010  8760/15  8760/3
Cs 0.09 8 760/7 -

#+ A3 UPFC REBERIEHR
Table A3  State probability indices of UPFC

1 0.968 4 6 6.040x10°
2 0.014 86 7 3.937x10*
3 3.937x10* | 8 6.040x10°
4 0.014 86 9  8.932x10*
5 2.279x10*

3R A4 UPFC AJ A &i54n
Table A4 Availability indices of UPFC
AHE O A | THE B
Auco 0.9833 Asmo 0.991 2
Asco 0.991 2 Ao 0.991 2
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Table A5 State probabilities of valve considering abnormal state

5 Pepo Pouo Puro Pono Pwo
REERHEIRES 0.9999 9.588x10° 3.196x10°
ZEFEEIRA 09090 0.0909 0.9999 9.588x10° 3.196x10°

RxA6 THREK. ATARKEKE UPFC KSR IERR
Table A6  State probability indices of UPFC with routine test and maximum availability

1 0.981 00 7 3.374x10"
2 0.015 05 8 5.177x10°
3 3.989x10™ 9 8.932x10"
4 1.831x10° 10 4.426x10™
5 2.809x10® 11 6.791x10®
6 7.444x107 12 1.800x107

#£ A7 HRER UPFC A7 FHRIERR
Table A7 Maximum availability indices of UPFC with routine test
EIpEiES A [piiE:s A
Auc 0.989 5 Asm 0.991 2
Asc 0.997 4 A 0.994 3
#+z A8 T REWR UPFC SR AR ARIBIRN & T HBIERNREE
Table A8 Sensitivity of maximum availability indices to failure rate of each component of UPFC with routine test
I TTHMPERA R UE
JLfF
UC Tjge SM IfigE SC Thie UPFC ¥ %
Si-v -5.375x10% -5.390x107 5.800x10™° -2.695x107
T, -3.387x10° -3.393x10° 2.417x107° -1.697x107
Sp-v -9.689x10° 3.365x10™2 -9.842x10° -4.921x10°
T, -3.386x10° 1.211x107 -3.413x10° -1.706x10°
CG -8.125x10° -8.139x10° -8.190x10° -8.165x10°
cs -7.900x10™ -7.913x10™* -7.963x10™* -7.938x10™
0.99429 0.994274
< £
0.99425 0.994272
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Fig.A8 Verification of sensitivity model with routine test
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