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Gas Insulation Strength Prediction Model Based on
Group Contribution

ZHANG Shaoli, ZHAO Qiulin, WANG Cong, QIU Xinyi, CAO Renjie, ZHENG Zhong, TU Youping
(Beijing Key Laboratory of High Voltage & EMC, North China Electric Power University,
Beijing 102206, China)

Abstract: Mastering the theoretical calculation model of gas relative insulation strength can greatly accelerate the
research of SF, substitute gas. On the basis of molecular topological index theory, a molecular topological index of
insulating gas was proposed, and the electrical topological state indexes of 22 types of atomic for 47 insulating gas
molecules were calculated. At the same time, the electrical topological state indexes of carbonyl and cyano groups
were introduced. A multivariate linear prediction model of gas insulation strength was constructed by stepwise
multiple regression method, and the groups which have significant indigenous influence on the insulation strength
were obtained by screening principle. The results show that >CH-, =C=, -F, -C=N, -Cl, and >C=0 have significant
effects on the gas insulation strength. Among them, -F, -C=N, -Cl, and >C=0 have higher electronegativity, and
their electrical topological state index (ETSI) value is high and has a positive contribution to the insulation
strength. These groups can be preferentially considered when designing and screening SF6 substitute gases.

Key words: insulating gas; insulation strength; quantitative structure-property relationship model; group
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Tab.1 Insulation strength data of insulating gases

g E, CAS Sk E, CAS
SF, 100 2551-62-4 N,O 046  10024-97-2
CEN 138  359-62-6 NO 019 10102439
CHF, 091  811-97-2 SOF, 076  2699-79-8
C,F, 081 20174-112 | CF, 078 76-16-4
CEN, 102  4394-93-8 SOF, 096  7783-42-8
co 040  630-08-0 | CH,Br 045 74-83-9
COS 090  463-58-1 CFBr 075 75-63-8
FEN, 062 13776-62-0 | CHF, 027 75-10-5
FEN 043  7783-54-2 | CH,F, 080  677-21-4
C,CIF,  0.69 79-38-9 0, 033 7782-44-7
CFO 100  1479-49-8 | CH,Cl  0.32 74-87-3
C,H,F, 080 3899-71-6 | CHF,Cl 0.42 75-45-6
C,FO0 160 117642-58-7 | CF,, 235  355-68-0
CO, 035 124389 CH, 043 74-82-8
CH,CF, 041  420-46-2 CF,Cl  0.58 75-72-9
CF, 125 115253 CFH 036 75-46-7
N, 038  7727-379 | CHF, 072  359-11-5
CCIEN  1.02  13880-71-2 | CF,  1.08  116-15-4
CFN 081 335013 || CF,O0 210  756-12-7
CHEN 058  24708-53-0 | CHE,N  0.57  59012-20-3
CE, 042 75-73-0 CEl 121  2314-97-8
CE,CL,  0.99 75-71-8 CH,CL, 0.68 75-09-2
H,S 021  7783-06-4 | CHFCL, 0.92 75-43-4
C,FEN 220 42532-60-5 - - -
2.57
2.01
. L]
-Ili‘al.S' Y
B 1.01 f
B’
0.51
0+—*— . - . .
0 05 10 15 20 25
AR

1 BASEELEEEQ-Q

Fig.1 Q-Q diagram of insulation strength of air samples
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Tab.2 Eigenvalue of electrotopological state indices
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>CH- SsssCH 1.33 =S Sds 3.11
=C= SddC 2.50 >S= SdssS 1.04
=C- StsC 2.50 =S< SssssssS 0.56
>C= SdssC 1.67 -Cl SsCl 4.11
>C< SssssC 1.25 -Br SsBr 2.00
=NH SANH 5.00 -1 SsI 1.28
=N StN 4.00 -C=N SsCN 6.50
=N- SdsN 3.00 >C=0 SssCO 6.67
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Fig.2 Calculation flow chart
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Tab.3 Statistics related to each variable

A 5 EX P VIF

T A 0.341 0 —
X, SsssCH 0.077 0.036 1.01
X, Sddc 0.327 0.008 1.04
X, SsF 0.012 0 1.55
X, SsCl 0.115 0.045 1.06
X, SsCN 0.119 0 1.03
X, SssCO 0.103 0.002 1.44
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Fig.3 Recommended value of electronegativity
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