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Quadratic Optimization Method of Inverse-Time Zero-Sequence
Overcurrent Relay Settings in Extra-High Voltage Power Grid

WANG Feng'?, ZHU Jia', JIAO Shaolin', BI Zhaodong'

(1. Power Dispatching and Control Center of Guangdong Power Grid Co. , Ltd. , Guangzhou 510620, China; 2. NR Electric
Co., Ltd. , Nanjing 211102, China)

Abstract: Because of its superior characteristics, inverse-time zero-sequence overcurrent relays have been put into use in more and
more areas. Many scholars propose to set its setting value through optimization method. However, the commonly used protection set-
ting optimization algorithms often suffer from complex and time-consuming iterative processes, as well as unstable results, and there
is still room for further optimization. Therefore, a quadratic optimization method of inverse-time zero-sequence overcurrent relay set-
tings in extra-high voltage power grid is proposed. Firstly, the inverse-time zero-sequence overcurrent relay setting optimization
model is established. When the time setting value 7| is certain, the relationship between action time 7 and the starting current /, is
analyzed, and then the linear fitting is carried out to transform the complex nonlinear non-convex optimization model that is difficult
to optimize into a quadratic objective quadratic constraint model. Then, based on the MATLAB software platform, the problem is
modeled according to the modeling tool YALMIP , and the optimization solving tool Gurobi is used to solve it. Finally, the IEEE 39-
bus system is taken as an example to verify that the proposed method is effective and superior.

Key words: extra-high voltage power grid; inverse-time zero-sequence overcurrent relay ; linear fitting; quadratic optimization
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Tab. 1 Optimization result of the example

WIgiss  Tfs LA\ T I/A
R1 0.05 150 R35 0.27 195
R2 0.17 150 R36 0.24 150
R3 0.13 150 R37 0.27 150
R4 0.08 150 R38 0.21 150
R5 0.25 182 R39 0.22 150
R6 0.17 150 R40 0.25 300
R7 0. 20 300 R41 0.29 180
RS 0.19 288 R42 0.18 156
R9 0.24 150 R43 0.05 150
R10 0.22 150 R44 0.26 187
R11 0.23 159 R45 0.19 198
RI12 0.22 150 R46 0.25 150
R13 0.25 150 R47 0.09 300
R14 0.25 196 R48 0.21 150
R15 0.25 163 R49 0.26 168
R16 0.25 161 R50 0.19 150
R17 0.21 150 R51 0.16 172
R18 0.24 300 R52 0.21 150
R19 0.16 249 R53 0.15 150
R20 0.17 150 R54 0.30 150
R21 0.21 300 R55 0.20 300
R22 0.05 150 R56 0.16 150
R23 0.24 300 R57 0.26 150
R24 0.26 150 R58 0.05 150
R25 0.16 300 R59 0.25 150
R26 0.07 150 R60 0.05 150
R27 0.17 150 R61 0.25 163
R28 0.05 150 R62 0.12 150
R29 0.12 150 R63 0.11 150
R30 0.08 150 R64 0.19 150
R31 0.25 300 R65 0.08 150
R32 0.26 151 R66 0.19 150
R33 0.27 300 R67 0.07 150
R34 0.21 150 R68 0.22 150
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Tab. 2 Zero-sequence current and action time of relays when a
fault happens on line 3-4
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Tab.3 Action time of relays under high resistance fault
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Tab.4 Zero-sequence current and relays action time when R=

100 O
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RI10 [T 520 1.22
RS TRY RO 5 & IR 929 1.06
RI12 41RO S5 IR 501 1.26
R14 PP R10 5 557 313 3.72
R16 LR R10 5 75 PR 207 6.95

X2 MFE 4, ATLUARRILITE R DAL
25 o0 Y P Bz b 1 R B A IS DR AP T AR B R
PR, FTDAS BR3P o e A R s 2) R Tl
HLRHIAELE , R IR P As /N, DR AP i
IR s 3) TR PE R BHAFTE B AL T, BB i 7
2R RS B DR AP 09 S AT I TR] AT 9K 0 e 5 6
R, ASREERE. Hit, R HA 12
ot L B fiE
3.4 HEERIESH

FEFEE 1 g i i R L i AR e (A
AR, SR AN [] 9 O A 35032 24 ] A4S 316 2
AR FFEBETTREZRMEREE, HE
AR DA T e A r e . AR L DL
Ptk e AR A R R 22 57 o IR VL 2 —Fh 2
S ARFE AW E S i & & ) —Fh LA
%, BT HBSRISUERE . S8 g
Yo, ARG TN R UEA ST i
J7 A R E R R, OO B A S B
RESA T AR BE 5 AR SO H8 1) R B Ak T i
HATXT L. AR R P ek AR i . HAR R
B ARSI A, (FES R, R
FERUBC I 50, e RIEAREUR 1 000, &0t 2k
AR E . Z2RERITE, /5 T84
PSR ES F A2 5 s .



T, A R 00 S P R R O PR E (B R A 161

®5 HRLERI

Tab.5 Comparison of algorithm results
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