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Sensitivity analysis of geomagnetically induced current based on

hyperbolic scheme for truncating polynomial chaos expansion
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Abstract:  Geomagnetically Induced Current (GIC) can cause DC bias of the transformer. The derivative
effect of DC bias may threaten the safety of power equipment and power grid. In view of the fact that many in-
put parameters are uncertain variables in GIC calculations, it is necessary to study the uncertainty of GIC and
the sensitivity of GIC to input variables. In this paper, based on polynomial chaos expansion (PCE) and hyper-
bolic scheme for truncating the polynomial chaos expansion, a GIC uncertainty quantization method is proposed.
Using the constructed polynomial chaos expansion, the sensitivity index of GIC to input parameters is derived.
For the planned Xinjiang power grid, the proposed method is used to measure the uncertainty of GIC, and the
statistics of mean and variance of GIC are obtained. The Sobol sensitivity index is calculated according to the
chaotic polynomial coefficient, and the sensitivity of GIC to input parameters such as electric field amplitude and
grid DC resistance is obtained. Compared with the Monte Carlo method (MC), this method is not only precise,
but also greatly improves the computational efficiency.
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Fig. 1 Geographic view of Xinjiang planned grid in 2020
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Fig. 2 Comparison of GIC in the substations by PC and MC method
B2 S TR PC 5 MC J5 kXt
M R R] LU TG 18 A R F BE AL 1 T 0 2 B B B R B I RAE R S MC R4 R AR e 4
W) . AT IR 22 0 R I J7 A 6T TR GIC THR A Rt . AR AR IR il 2w i b gt 7L AR 2 00 &R
AR 7 50 15 30 i AR i GIC 1 H B A of 22, D

P

E[I(@]:J(Ea;sb;(f))P(E)dE:ao (6)

Q i=0

S[I(®]= [ D)’ (D) (7

AP p (O & WG MER TR R E 5 T A AHE M A SR & 1M 5 o KRR

RLAEM T 4R AN GIC BEETHE R, 7T LUE H, PRl 7 3580 RE I8 BIAR 4 09 1 5085 182 5 W) If A3 1
20 0 R TR LSS R AT LAA 2 [ BE AL R N7 T 32 AR 1 A s AT i ) B R A TR R 5k . ARG
A0 B R ARG, 1 B, L A B AR RO e 6F T R R ) H 0 S 2 1 g A B, PC O A
iR

#F1 PCEF MCHERBITERIL
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Fig.3 Comparison of GICs in substations by hyperbolic scheme for truncating the PCE and MC methods
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