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Review of gas sensor detection methods for SF, decomposition components
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Abstract: Electrical equipment filled with sulfur hexafluoride (SF,) may experience overheating or discharge when there are
internal insulation defects, which will cause SF, to decompose and produce some gaseous by-products. By testing the type
and concentration of these by-products, we can determine whether there were insulation defects in electrical equipment and
the type and severity of these defects. As an important tool of gas detection, gas sensor had been paid more and more
attention in the gas detection method of insulation defects. In this paper, the method of detecting SF, decomposition products
by using gas sensor was reviewed, the dissociation process of SF, and the generation path of characteristic gas were
introduced, and the gas-sensitive principle, advantages, and disadvantages of the sensor used for detecting SF
decomposition characteristic gas were described in detail. The algorithm for diagnosing insulation defect using characteristic
gas information was mainly discussed, and the development direction of using sensors to detect gas decomposition
components for insulation defect diagnosis was prospected.
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Fig.1 The formation path of SF, gas products
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SF, under corona discharge

= XA R BCR AT R G AR R T &
J& 5% W i [ 7 SRR P IR B 0L R S 19 4 i
WL S X5 SF, 70 fift 1ok R 077 40 1) A2 B A2 R E T
YA AR TE H AR 25 1 R 11 SF 3 R AL BT
e 5 BB A R N B AR IR K ZE 7, WX — LAY
{38 F Y A7 E R BR M o SF 7 Tl 1t BLIR B
AL FE A At RS BT TR a0 ST R IR A AR —
P TI

KSR U, SF TE K AE TR R 2 A2 JiC S,F, A
S,F1,O P FIREA P24, 75 J5 S i N (1 2 B2
CF,. SO,F,. SOF,. SOF,. SO, fil HF. I # , SO,F,.
SOF, 1 CF, i 1E A 4 2 25 Ak I (R R AiE <A . SOF,
AHGE , 5 52 K5y 33— R LA | SOLF, 5
HF BRI, 5 5 34 0 & 8 A4 b k45
LA R, AN A A RIS
2 S ERSREFARE

T8 I SF S AR 73 fift 21 7 SRAS W ¥ % e 11 7
P, AU AR IR S TR T S FH RN AT LR 2 A T 4 G R
RENT T IZ M REFE . SR L S A E br
SRS T 5 S BORE R A SN B A A SO K
FE AR ) B B E R AR R 5 T E



@i FR 2024,57(3)

e RIS - SF o A 7 (K S AR TR G D 5 ¥ 27 A 3

HLE 5 BOBAE 5 55, AT 58 O AR 420 AR E (1
Do R R AL AR A Vo v, AT AR A8 1 kS
f i 7 A0 A 3R 1) 595 4 W i 9% 15 A A A 5
WHET LI AES ST H K ERRE. R1E4Y

L TR R LIRS . R AR T
PR A AR AN B 9 R B R A A% S TR B g
LR B T AL SE, A 4 73 il 4173, A SO
R L P R SRR ) A RS

*1 BRSEARSIFOMAE AN RBMLERS

Tab.1 The types, detection principles, advantages and disadvantages of common gas sensors
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Tab.2 Common metal oxide semiconductor gas

sensitive materials
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Tab.3 Comparison on preparation methods of

metal oxide semiconductor materials
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Fig.3 Selectivity test results of Au loaded SnO, gas

sensitive materials
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Tab.4 Effect comparison on modification strategies of

moisture stability
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Tab.5 Comparison of CNTs preparation methods
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Tab.6 Improvement in gas sensitivity of CNTs
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Fig.5 A simple instance of classification using SVM

T o3 1 W9 2 B 1) e 0 -~ T ) 5 AR an = (2)
PR

wix+b=0 2)

AR SR AR ) R MR P T 5 R B SR A b

KB FEA T ARG 17 &

D F wi
WF% & x & FF 5
ZH.
1 SR A X (3D Pz B AR T RERT DL o e A
T S S w M b
1 2
min 5 [w][" .
sty (wix, +b)=1,i=1,2,-,m
KOy AR, IR m?ﬂ%ﬂi’l\iﬁz
BT SE PR B I A S R v vl 4y, I B Al
B8 M=, TERRIE R AR BRI 2 lﬂ%ﬁx’ﬁﬂaiu—
A B AR P TRV 53 2B A 3 T, IR S5 46 SVM7E [
X L S HOHE o 3 AN o 7 A 3 A AT R R R 2 1
A3 B R IX 25 T HL Bk M AT S5 R, N A BR 2
VR[] gy B SVML A A BE AR S5 (10 418 A B LR £ 192
1k BE F3 00 E 2 F BR o Wi A CF TH 1 U5 R
R,
wig(x)+b=0 4
DO, ¢ (x) Fs x WL B 425 7] fa 1 ) &= .
AL 3E I SR A =X (5D BT s AR A Tl 3 ff o A
P ZHw b A&,

.1 2 &
mn 3101+ S

st )15
&20,i=1,2,m
KGO & R, H T AR5 N8 R
C> 0, HIETT RE, & — NS H T RS 1)
R IR] b 9 L
Wik ANR AR T a=(a,).f=(8),i=
1,2, -, m, M R B H e B0z kg X (5, 1) Hi 4z
i B H IR B0 1 B bR R E, R L 4 Dy 0 )
1 (6) . ni@ it Karush-Kuhn-Tucker (KKT) 5%
{4 F11 Sequential Minimal Optimization(SMO) 573K
X — AL Ak 7] A 380 e A 1 0 SR P 1T

max(Za —fzzaayy/ (x x)
ot Zaiy,-:(),

O<sa,<C,i=1,2,-
RO, NIZEH.
e T % R R A IR
MR DR,
= exp(

Mtz —, HREA
XD H, 0 R WAL I 58 o
312 AIMWZR%

N A2 W 28 & — PR AU A M b 2 R G it
SR ph K B AT B0 0 48 G B G 2H R, i B
P T R HOR SLHLE B R b B AL 36 . 1] 6(a)
NN RS e, N BT LR B, A
TCEHAWANSE w=(w,w,) Al b, LT LIX
PR > 2 HO0T g N B AT TR S B nBCR A, P4 o
BOm R AR RAF S yo WS R BUTE M 48 I 4% R
s EEEH. ﬁﬂﬂﬁﬁ%ﬂﬁ@%&zﬁmgmoidui&

(5

(6)

o (x) Fl relu(rectified linear unit) PR £ 55, B AT HI K
BRI ORI (D PR .

o(x)= T+ e (8)

relu (x) = max (0, x) )

N AR W 2% & 1 VF 22 0 282 J0 41 & BT A%

Hm s, mT L&V 2 S8 . KBl 6(b) v —4

i B R M 22 R 2, B rp i — 26 A TR R BOAER — ML
HBH, AR L, B P &5 T 25 b O 2 BL
6(b) " 7S (A 22 B 28 A 1 AMFRGEUZ o SERRfE A
I, P2 DLEAT 2 AN RGEZ . B 2 R R



8 Fe RWIAE : SF - A 70 (K S A A IS A I g L 27k

@Rl 2024,57(3)

FEHIM Mg WA 55— T IR P %
(deep neural networks, DNN),

1

X

YA wxtwyxth)

()t & oA
KR
N ‘
x
A :
T O -y
/ . Ay
_£ :\‘ —
(b)F 22 75 W 2%

Elo MHEMERNERRER

Fig.6  Structure diagram of neural network
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Fig.7 Confusion matrix of fault detection results

SCHR[701FA[711EAEH T SVM SR AT 48 2 B
5328, AL S A M E . SCHR[70] 5 55 0 #T 1 fr ik
REAE Z H0 M P 3 = S0, A IR R R LG E ¢
(SO,F,)/c(SOF,) £ /R T HL BE &, ot e (- )IREHH 5
KR BE ; ¢(CF,)/c(CO,) R AR g [X 43 i g 255 7 1)
FehrZ — ; ¢(CO,+CFE,)/c(SOF,+SO,F,) 5 4 2 1 k| u§;
FEL AW P B R P 2 IR A DG o (HLI , SO IF R VE A A
P38 I A T BART o P A o 32 H O e 2 R A
R, SCER[71105E {5 B8 5 PCA &5 & 1) 77 X



@i FR 2024,57(3)

e RIS - SF o A 7 (K S AR TR G D 5 ¥ 27 A 9

R Bk R AIE , Pk A1 &b BEREAE B FE 40 B 8 BT o
TEFRIFEAS FH SVM AT 73 RGOl T, &5 Bl 5
PCA B2 1) 5 11E B4 A8 b R B0 I 25 1 93 2K 48 97
FRUEMR R THE I 10%.

(SR )

[ SR R S S

I RHAE AR T 35 4%

| RMERRAE, SIAKE

S T —

,}?:.
it 24 AT REAE

JE I HAEE I ZDAG-SVM
KR 48 B

@k )
B8 {FREIELEA PCABEFHERNRIZ
Fig.8 The process of feature selection based on

information entropy and PCA

R FEAN DG i B L SRR VAR (E SE PR
15 G0N % 9 AT BE [R) IN A7 7 22 b AS TR R RS 1) 4 %
. AT ReE R A il A o RN 2 A kR,
ZHENG K U2 F S0k ) k3 A0 5 45 5 SVM K
2T GIS N I 48 2% Bk B, 5638 1 SVM i Bk [ 2R
R 38 Ik O 1 &I A R R R TR R
T EAML RS T IR AL Gk B F A B s, T L
I T B R TR A R 2 W, S 4 2R BB IR S g
% il B AE A (0 LI . N A MUHAMAD 250 Ff] i
HLAR AR Sk I T 246 25 B 1 2R 8L, IS0 3 s R i i <
PSRBT 12 Fh o0 R 7= MORE A AR AL, 75 B —
s YR A A B A 0 T AR R B AN B PR B L VRN S
FILE9FE 10,

B9 o, 1 A AABR 43 1) DRy TSI 1) i e 288 2R R A
TSR ) i e 2 A, Fr AR SR T FAORL B B, Pr
R 4 8 9 BB, Vo 1R 38 F A A B 25 B e s

Confusion matrix

20.0
Fri 40 0 0 0 17.5
15.0
Pri 10 - 0 2.0 12.5
2 100
=
Vo4 0 0 8.0 0 7.5
5.0
Fi 0 0 0 20.0 25
Fr Pr Vo Fi 0.0

Prediction
B9 B—ipEieNsE ROR B

Fig.9 Confusion matrix of single fault detection results
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Fig.10 Confusion matrix of mixed fault detection results
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Fig.11 The diagram of local discriminant subspace

projection method
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Fig.12 The structure of domain adversarial neural networks
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