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A grid operation mode optimization method for controlling short-circuit
current level based on WARD equivalence
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(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China; 2. State Grid Zhejiang Ningbo Power
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Abstract: An important target of operation mode planning for power grid is to control short-circuit current level so as to
guarantee the security of the circuit breaker. Effective measures like circuit opening and bus splitting will enlarge the
electrical distance between buses in substations and power plants, in spite of reducing operation reliability of power grid. This
paper proposes an optimization model of operation mode planning for power grid. The objective is to minimize the numbers
and breaking capacity of opened circuits. The constraints are short-circuit current limits calculated by node-voltage method,
network connectivity limits formulated by DC power flow equations, branch power flow constraints and N-1 security
constraints. Taking the least number of breaking circuits as target, a power grid operation mode optimization model to control
the short-circuit current level is proposed. WARD equivalence is used to narrow the size of the model and improve the
calculation efficiency of the optimization model. The model describes a mixed integer linear programming problem, therefore
can be solved by linear programming simplex method and branch and bound method. Simulation program written in C++ is
applied to instances of IEEE 39-bus system and an actual power grid. The optimized results confirm the correctness of the
proposed model and validity of the algorithm.
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Table 2 Short-circuit currents comparison before and after

branch removal of the limitation-surpassing buses (2)

S 1, p. I? lpu. I, /pu.
2 72.5 72.85 70.9688
16 72.5 73.74 72.0651

S BRI T 2540 [ N-1 A2 X1
IEEE39 17 fi RS, HUARVITFWT 1 446k, 50
AR TCRIA RN Sy, TS 26-27
HIR RN, fETTII S 2-3 OISO0 R, BT L
L%, SO 26-27 BIDIZKGERPR, 415k 3 .
3.2 LBREFIS

hy kARG I A VT () 2 s TR T I AR R R
i 3 VA S s RO R DX N FH A 25, AR STy
AT RS B FL IS AT T 3K R B L AR AR L ST
I (PR B TR T 7 6 o S B AL s DU 48 — i i F Y
B, SEALE 5527 M0 HMIT RL 8363 43I, 1085

AU ARPEIT ORI SE PR TT I RE 1, 220 KV AR
P IT RS P RAE U 50 kA, 500 kV LK
HLIR BRI 63 KA, WfAF— MR FEL TR AR £
W 5 FRARIE T 2 STt 12 B R FEL AU AR i
LR N B TT T i 1 4 s

3 FRHSCE% 2-3 FRS FRAR FRHA T 3B 26-27 HININER
Table 3 Active power flow of branch 26-27 under expected

faults when branch 2-3 is opened

B — ¥ 26-27 HY S 26-27 FRLIE
L% /MW BILHES /MW
11-12 775
8-9 670
16-17 548
34 526 650
39-9 526
21-25 522
14-15 514

R 4 SBR[ R BR BRI AB AR 0GR R ARIE T ML B
Table 4 Short-circuit current oversizing buses of practical

power grid and their candidate branches

f 1, /KA S, If/.“ /kA
30087-30089 24.1689
30087-30261 21.7931
30087 54.8516 30259-30261 8.0063
30089-30259 5.6305
30087-30088 3.2765
30089-30259 19.3384
30087-30089 16.8999
30089 54.8676 30087-30261 8.0868
30259-30261 5.6483
30089-30090 3.2746
30089-30259 21.778
30259-30261 19.3319
30259 54.8623 30087-30261 5.6395
30089-30090 3.2683
30088-30727 3.2673
30259-30261 21.6878
30087-30261 19.3196
30261 54.8570 30087-30089 10.4613
30089-30259 8.0931
30087-30088 3.2703
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Table 5 Optimized short-circuit current

f 1. KA 1‘,’ /kA 1, /kA
30087 50 54.8516 31.3282
30089 50 54.8676 31.3437
30259 50 54.8623 31.3453
30261 50 54.8570 31.3455
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