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Fig.1 Basic equivalent circuit of air-core coil
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Fig.2 Geometrical structure of air-core coil
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Fig.3 Schematic diagram of air-core coil with even windings
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Fig.4 Schematic diagram of air-core coil with uneven winding
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Fig.5 Schematic diagram of air-core coil with
two uneven windings
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Fig.6 Relationship among eccentricity error,eccentric
distance and relative position
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Fig.7 Relationship among eccentricity error,

inhomogeneity and relative position
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Fig.8 Relationship among eccentricity error,
eccentric distance and inhomogeneity
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Table 1 Level values of influencing factors
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Table 2 Schemes of orthogonal test

N %ﬁﬂﬁﬁ]%ﬂ(%ﬁ% ﬁi:lbﬁfa%]
d « T =5 R/ %
1 1 1 1 1 0.078
2 1 2 2 2 1.052
3 1 3 3 3 1.326
4 1 4 4 4 3.041
5 1 5 5 5 5.447
6 2 1 2 3 0.833
7 2 2 3 4 1.117
8 2 3 4 5 5.332
9 2 4 5 1 4.399
10 2 5 1 2 4.290
11 3 1 3 5 3.410
12 3 2 4 1 4.010
13 3 3 5 2 3.791
14 3 4 1 3 2.064
15 3 5 2 4 3.332
16 4 1 4 2 2.023
17 4 2 5 3 7.929
18 4 3 1 4 2.625
19 4 4 2 5 8.101
20 4 5 3 1 6.875
21 5 1 5 4 6.848
22 5 2 1 5 6.697
23 5 3 2 1 5.495
24 5 4 3 2 3.512
25 5 5 4 3 7.969

x3 EXREER

Table 3 Results of orthogonal test

- HH
E d a T Z= 5
Kjl 10.944 13.191 15.754 20.856
K 15.972 20.806 18.813 14.668
Kj3 23.417 20.116 18.351 13.449
Kj4 27.554 21.1182 22.3755 16.963
Kj5 30.520 27.913 28.414 7 28.987
K 101.59
P 412.87
Qj 468.274 435.361 434.782 436.61
Sj 55.395 22.483 21.903 23.732
0 551.89
S 139.01

R4 AESWER

Table 4 Results of variance analysis

FERE  FHA HBE I F 2k
fROFER 55.395 4 13.849  7.022 *
RS 22483 4 5.621  2.769 s
MXFAIE  21.903 4 5.476  2.842 <

i 2 23.732 12 1.978 — —

BRI 139.014 24 — — —
BRI £ 5 M) PR 28 X6 2 0 6 Pl i O 1R 25 52 ) A I

& AR F 0 SREs

Fyop(4,12)=2.480
Fyos(4,12) = 3.260
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Sensitivity analysis on influencing factors of eccentricity error

of air-core coil based on orthogonal test
YANG Shihai'* ,HU Chen’,JIAO Yang’,LI Hongbin’ ,ZHAO Shuangshuang'> , CHEN Gang'"
(1. State Grid Jiangsu Electric Power Company Research Institute, Nanjing 211103, China;
2. State Grid Key Laboratory of Energy Metering, Nanjing 211103, China;

3. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology , Wuhan 430074, China)
Abstract; The eccentricity error of air-core coil affects the function realization of protection , measurement and mete-
ring units in substations. In order to study the sensitivity of eccentricity error’s influencing factors , the sensing model
of coil is established and the mutual inductance of coil in the ideal condition is calculated. The relationships between
the mutual inductance and the eccentric distance,the inhomogeneity and the relative position are analyzed under the
conditions of even windings and uneven windings. The simulative results show that,if the conductor is not deviating
from the center, the inhomogeneity has no effects on the eccentricity error, otherwise, the error will vary with the
change of each influencing factor. A sensitivity evaluation method of influencing factors is proposed based on the or-
thogonal test,which analyzes the sensitivity of each influencing factor by variance analysis. The results of tests show
that the influencing factors all have significant effects on the eccentricity error,and the influence degree of the eccen-
tric distance is the largest,while that of the inhomogeneity is the least.

Key words : air-core coil ;influencing factors ; eccentricity error ;inhomogeneity ; relative position ;orthogonal test



