93

U ER TR

2026 42 A Electric Power Engineering Technology 458 H2W

DOI:10.12158/j.2096-3203.2026.02.010

e S HL A 2% i = R Il ML A6 o A O ik

Mz 42E&R S, %R g, T
(1. E AL T S4B R ARSE B, 6T 100075; 2. P5 263838 A2z (B T AR L S 46 4 4 [ 31,
SIS ), BEVE PEZE 710049; 3. VG 42 A5 K2R B2 5 AR A, BEPY 622 710049)

i B ERYE T BRI SR D YR ERRE, & ERRAER A, B AR R BR
R R ARLE P B AR TE AR W R et R LSRR R R B R T4 o B AR AR AT B LA Beak | R AR AR
B ARAF A o A XTLE b BB AR AR B 65k B e R RIS R LTI, P AR — A R S o
ek AL SN H T 7 ik, VA CH, CoHg CoHy P A R AR AR, 5 7 38 3 AT S IR SR 9T A b ik 2B A AR 2T 52
Ihstig kAT IR, SRR AU, 3 AAFAE AARIRE 5 B of B ik B TG AT 5K, BT AR Jr ik T AL 9P R A A
M AFAE ARG R, RA AR P CH,. CH. CH, 894853512 £ 5 51 4 8.90%. 17.60% F= 4.32%, | A #1 T 15 s,

P iEARE SHELH B EREE T BRI G T KRR R 4,
KEBIE: & WA Bk Lo sh ik R B AR IRAS ST AR AR

B 43K S: TM75 XERPRARRD: A

0 3lF

o R HL AP b L R 4 v B S M A, AT A
PeEXtF ARt M e faE Exm s, B
RAEMORE, AT ARG R L, T E A
RAEMRI 24 o D4R, | T 52 vh 2 BR i iy 2L
B4 32 56 3 £, i (cross-linked polyethylene, XLPE) Hi,
S R S OB 2, IR T AT I S E DT
PEAR 55 R HE 40 2 i 2R S, X il e B 254 T 12 T
A BT I R AR, IR HL 2 BT .

i e s L A 2 2 A8 ol e P G D0 vk 32 2

AREUOBR ML AL SR L

SRy R O X R R AR T (R X ey
BAEHEE M etk HRIRS A AR &
JE HL BB 7K 22 1 )23 J R e i 25 77 A A, E 4,
& H,. CH,. C,H,. C,H,. C,H,. CO, %, XS fk
5 9% w2 BRI B 1 4 AL R R SIS, b
O R B BENS IS W G i 2 e T B G o 9% 2 e
Tl B S 1 2 Bt B ) SRR, PR I s b N R
LoRIUR W aE Ry QW A E A=W S i I 15185/ €
RCRE B 1 J) BRI FL R 8 2 i R AR el

AR, WA A G IF R T 3 TRIE R K2
W 15 T F, 5 % e S22 R I sk B A I 5 0 SRR [19]2R
FHAUAE 15 53 B 2% b 2 s it ¥ RRAE AR, e B ik
o AR A R I S SR AR T B OGRS
WA B HA: 2025-07-27; 142 B #: 2025-09-10
Ao A BROAHFZELTHARB (U2066204); B K&
W A7 PR 8] AR B (520223230014)

X E 4 S:2096-3203(2026)02-0093-08

Mk [20]$2 H —Fp 2T H,. CH,. C,H,. C,H,. C,H, [
GEr 2RV ik . SCRk 2108 oK ABK
2 = T R S5 5 B IR AN E AR, 32 1 —Fh g2 oh
JEBE B Ay Tk . SCHER [22-23 15 i FE AR AP E
PV AL L FLIRUR, HE— 2D B0 T 43 B 92 vl J2 48 el e
B BT RAR B AT AT o H H A X2 R 38R A
AT AN 53 Mt 5% 1 J2 458 Tl S50 o Rl 114) R AU AR, 31X
Fh B AR A A | (R 2% | BRE R 4 P
PRIXE, Xk LA 52 30X s ol ke s R 30 79 22 20 43 AR B
RGN

L AR PRI AR B L3 2 4%, H BTG F 2%
B i REAE S AR I A B ST R oA B e
AR P 21 Ah S 3% (Fourier transform infrared spectro-
scopy, FTIR) Ay — it | 5 &, Jo 468 (14 46 )
AR, FE SRS 7 T ELA 3, W T 2
PR E AR BT o SR, AESEBRA T, 32k
ICH SRR RS R R A, AR A]
SR B M A A T S e g 2 B IR AT 4 R
VAR B SR MDEIEE B . TR, BE R
B RMER R, UUSAES B SRR 2, Ot
TR B TT g R AR AR5 i 2, TS BOERE R
W A F R Y 8 7 A i 22 200 RN, 8 b 2 e
MRS Z A MR A SR, £ A5 LN ETE AR AR
FEE RS AT R, A G £
Fb, T BR A 250 18] 5 58 ST, T 3 A Ot 4R
WA AT B AT 2 A o A DR ) T XA

BFXT LA L [l R, S — R T R L 40 2%
R B RRE SR Y FTIR Y% b7 ik . R ik


https://doi.org/10.12158/j.2096-3203.2026.02.010
https://doi.org/10.12158/j.2096-3203.2026.02.010
https://doi.org/10.12158/j.2096-3203.2026.02.010

& AH) ALK 94

) Savitzky-Golay(SG) V-1 18 B Y6 15 il g 75
K JH ek HE Y F 3 3% AR AT 5 AR 3R
(adaptive iterative re-weighted penalized least squares,
airPLS) PEATILLALIE, SR 5 4+ H 1 N F AR AR
(competitive adaptive re-weighted sampling, CARS)
I 328 47 1E AR o, SR FH i 5 /)N — 3¢ [9] 19 (partial least
squares regression, PLSR) 7. pe il RR1E S ARk B 1Y
SE AT TR o S A v A AT AL T R
PRI AT IR 5 ik A R . A5 SRR, 0T RS
A B TR i s P 8 2 e 2 5 ol e 4 R A AR £ 4
DTG 73 M T T Wk B M 7 S i) | SRRk AL AN UL
[, 82 v b Pl AL A 3 A Y AR 1, v TR
25 2% vh 2B I i B 12 Wi S AR S A
1 ZMEFHESME FTIR Xk ahaiE
1.1 FTIR &4 #rik

FTIR JGi% 73 A i %0 J5 U A He 2R s E
A S R B Y T B SR A 4
I B, OG5 EE 5 AL R (1) .

L) 1
o) _lnm_K(V)LC (1)

A A() IR v AL B IROERE s 1(v) A ST 6
Ty b 5 BE 5 L(v) R B B O R v Ak 1 5
TOV)=I()/I(v), MBS GEYEEE ) ; K(v) A EE IR
REG L WA TRREE; C AR EE .

HR A WA LR A, 2 LB, A 5§ cZ
B RE FE R R o a0 A(v), AT LAASEIAS [R) SR
B B o DT W LA A ) A A A OO 3R /0 50 e B 1
SARBIRNIE, 65 I o A AR bR (58 3 ) LB TS
TRAGHEEE, BEME ST 2 1 L 2 T o

i R L 8 2% b 2 Be il 23 774 H,. CHy. CoHg.
C,H,. CH,. CO, 255K . H, WXIFRELS T, 15
21 4% B I I BR8P Y CO, W R,
Sy X B 7 A M B8 vh 2 e bk BT AR ) CLH,
VR BRI, R S e Y R, Serb e
CH,. C,H,. CH, 1E M %2 )2 be il i FRE <A .
HITRAN S i¥% 4 2 45 2 B AF AR 7E 500 em ™' &
4000 cm IR K I A IR 2R, AN 1 IR . ax s
FRAE AR Y W AW A7 AE ™ B 28 &, W0HE 3 000 em !
DB BT, 3 R R AR A H 7 AR 5 A W
Hodr CH, #Y 32 B0 Wi X 38k 2 77 76 CH, A1 C,H, 7Y
T, MDA SO 2 . KL, SR A A% 1E 47
AR B R TR B SIS RHE

A 1 B 4 M i ke 2 e 2 58 Il R AR 21
W WAL G T ) M s 52 ) | R 2 TEE A A2 S [n) A,
SRR ANE 2 TR o SR FH b v v AR 2050

A =In

2.0+t R C2H6

il L
(10cm-mol™)

0.5}

0
500 1000 1500200025003 0003 5004 000
W H/em™
E1 BSEBSZHEEMFESENIIN L
Fig.1 Infrared spectra of characteristic gases from high-
voltage cable buffer layer ablation
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Fig.2 Infrared spectral analysis process of buffer layer
ablation characteristic gases
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Table 2 Analytical errors for single-component gases
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Table 3 Analytical results for multi-component gases
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Table 4 Analytical errors for multi-component gases
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Infrared spectroscopic analysis of ablative gases in the buffer layer of high-voltage cables

MEN Yekun', REN Zhigang', GUO Wei', CHEN Ping', TANG Xiaojun™’, WANG Shihang’
(1. State Grid Beijing Electric Power Company Research Institute, Beijing 100075, China; 2. Xi'an Jiaotong University

(State Key Laboratory of Electrical Insulation and Power Equipment), Xi'an 710049, China; 3. School of

Instrument Science and Technology, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Ablative defects in the buffer layer of high-voltage cables are important causes of power cable failures. Buffer layer

ablation releases gases, and some components of these gases and their concentrations can characterize the degree of buffer layer

ablation defects. Fourier transform infrared spectroscopy for buffer layer ablation gas analysis has the unique advantages of

speed, sensitivity, and non-destructiveness. To address the challenges in the detection of gases from high-voltage cable buffer

layer ablation, namely noise interference, baseline drift and cross-interference, a buffer layer ablation gas Fourier transform

infrared spectroscopy analysis method is proposed. The proposed method is validated by standard concentration gas analysis

and ablation characteristic gas analysis experiments, using CH,, C,H and C,H, as characteristic gases. The experimental results

show that the three characteristic gas concentrations are related to the buffer layer ablation defects, and the proposed method

can accurately analyze the concentration of the characteristic gases from infrared spectra, with relative errors of 8.90%, 17.60%

and 4.32% for CH,, C,H, and C,H, in mixed gas, and the detection period is less than 15 s. This method can provide critical

technical support for rapid, high-precision diagnosis of buffer layer ablation defects in high-voltage cables.

Keywords: high-voltage cables; ablation; infrared spectroscopy; noise; baseline drift; cross-interference; characteristic gases
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