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1.2 R R

S — LR W T 13 iR 2k A bR AR AL SR I, A
S R AR £ M (PVDE) . NI (PP), W& 2 M (PT-
FE), ek (PA), R, AP, K. RL4WL
PR (F46) . B . B M (PE) . BA LK (PVO) | R
PRt R

I 5 A0 2 Ak ) A SR S AR AR AT . HOR TR i 2
125 W i HeoR AT+ 85 HeoR AT B 32 22 R 5 L 45 56 4 2 o i
w s BAEAR. FEEENE. R BN EASR R,
R AT WG RURET . BAREORZE S5 WA . T 9
KR A RO A G, AT P AR R L R
JCH 7 A B A IR R ZE S, F SO 7 AR L
Wk s IR ZOTE BUR A P TR DL R BT IR 0 Al A T R
Jo R E S B E# TAER BB L 4 min, & 048 5
F o X T AE 365 nm [ AL .

IR E AR R A R T R4, K& RS DHG-
9035A, & B —fE R4 AL A PR R AF & il 1y, XA
JUZN T I BTG, R T ARE R YR T
B KB . N HURR SRR A2 K B D AE T 3 2L i
P9 R B R R T 2R I, AR BE RS E . X TR AR IR R A
B RE Y U R g DL R I g SR T RAE 1 Bk S o R
L.,

®1 ERTRERERESH

Table 1 Specific parameters of blast drying oven
= W IR S R ¥

DHG-9035A 220 V/50 Hz 850 W RT-+10~300 C

1.3 ZUBENGE

R R A R B ORI TE S A I 22 SR AN A L IR
PR SE I o X I 75 2 ) 46 19 o AR A X FE BE AT 0 A . 5 4
BACREAR MR &R - F TR 13 TR R 2 bR Y
KR AL 10 em, ARICE MR R DI X (E2H 1 em
I+ A AR AR A DX g 2 [ ) B R 1 oems AR BT R S
AN D AEAS DI 3 AN Dl AR . ol R g b R
BT SO EACHT N g T R AT R G P A ) X3 AT
(R RE S F3BR 16 h RAHL SOGIER . IR AL REA I ] %
0N s MR A GPDR P EE AR E L L8 R TN X 4R 5 2 4 Al
FEAR—Z, KLk MR BT TR A, BEEIR A 80
C, 0 32 h REN DO B . AR MWW 2
PR

SO KT B T B0 2 T BOR B N 0 BRI B
s MARTEHEAT SO B AL SRR A I R AR AR 32 B A AR
BACR I . SR AN AT BT R R AR 2 T BN SRS A ROR
A%, TATEMC R T 125 Wi 55 R 5R 40 4F 2 22 40 % 4k
. G AN BAIME RN SR DA I, A= N %
SR A 11, 2, A R 2 X (D

Q
A, == D
Q

KO, Q ML I ] S M i B L, Q. R —HIX N



5 10

IS T8 i Y L 2 4 G bR ARSI A 3163

JIUAE I (7] 58 S0 A A B L

MRLEAT BB
Rl AR X 5k
I
! !

; L v TRCEAE T4
LA EALKT HR ST L B 80°C
I )

HEB 16/ EAT HFRE 32/ 3k
By ol AT A I

B2 BARmEZLREER

Fig. 2 Sample accelerated aging flow chart

ST IR A B, R T B A AR, R TG 8 B
ISR, S E, BERESE. SMER
IR R A B YR A R, A A DU A AN B S,
ARSIV T 80 CHEN MMM E I,

1.4 WAEERSEER

1.4.1 AEZRFH
FAZ WM, BB LRSI T HE S,

SCREAR AT IR 315 IRl e el o 0 =0 IR R AT -
B 2n+1 AR R Xy Xy e Xoos Xos

Xiv s Xomrs X ERBURD BN Y 0 Yoy s Yoo

Yoo Yoo oo Yoorn Yo M RAYEREy b fR5CH 1=

T T R IS A o e ) 5 B 9 I MLy
el

DYt = Da; ikt (2)
1.4.2 #RBERMREN R DRk
R AR B B S R AN B R B LA IR Ok
XHFESAEHE . R T R E i i Zhang™ 4F
A 25 AR AU T e/ ek, Rk a3
0
wi = J IS (€))
10 x < 2t
KO, 2 5 BN « ARIGES . = IUEHES. 4
Nz W/NTE R X M T LU TR R AL X
W 2R E AR S 0, FEARFRAE DX, HACE R R
AR AL T IR AC B P R 22
L5 ERSTH
SRR Im b, S A RO A R R A 2 1 0 SR 4 B0
JE . RS INAT i S (R R A L T 32 ) 2 B3O » A 4
IO AT 55 S 3 A O AR A L N RO A B B A [ O
DAFAE A ], REARIR S L T8 R o R AR IV RE . R 2
Br (PCADJ& I de ) IZ R AE SR BT 355 2 AR 0 A 1 2 R
SRR TE R AT RE 22 OR B RO £ R B0 TR i e D Ml 4 Y
YERE

2 =z

i
d'|

1.6 ZeiEmEIIF5 2

28 Pk 8] 19 43 2% (linear regression classification, LRC)!M,
2R 180 5 43 2 0 45 15 R 0 g — AN AT — A B R TR
FM I GRAEA S &5 R 1, A TR o 0. I
3| -zt Rk, LIRIT .

SR HR ]I 5 AR Y AR K]

B = (XTX)H "Xy )

KO, X, BH UG, y RREAE R

TSR RE DU RE 5 78 2% N R AR s ik M ROR U AE

yi = XiBi (5)
TR I RE AR A — AN A SRR A SR A R 22
di(y=ly—yl"* (6)

A B2, A S B G R EEENESIT.
L7 XHEEEN

7 45\ B ML (support vector machine, SVM) & —F i T
B 2 W 2% 3 i, i1 Vapnik 48, SVM [ #4
TE T AR5 A BRI OG I Bl B R Y S 2 AR 5% e 1 2 1)
AW SRR IR, SVM P 2 54— A1 R 4 24
SR e A 53 25 P T . 3% V- T TE PR IR 43 2R B Y )
2020 W R TR RN S U PSS NG A ol oS e~ B S )
EHLAT RS2 B 2 R 4 B R Bt 4 2

2 #ZRHHE

2.1 BEEWLE
Sy 7 (B4 B AN ) 2 Ak i (8] Ho 28 48 2% 4 ROk 3 B A4, 8
BEA 2 AL I 1) B0 (0 7 0635 2 I 7E B b, 2k ORI (PP)
FIB A 215 (PO AN LT
I 3 AT LUE s RN EL 1170 em 4L 1 06 23 Bl
A 3G KT AR 5, X T R R BT B R T B
. RIS RE O A AR bl R R B IR R
C-Hg®H C-CHSHRIL R A hIE, EEAIWIERAT,
B H IS TE A A ALY o IR DY R I PR i Ak 2 AR b 2
BRI R . B TR R TR AL sy FE R K, PIRAR fk
FEESTFHENHN, FEGE T3 F R, RAS
6 000 -

—0h
— 32k
50001 o
— 128h
— 160h
. 4000 [ —— 192h
Z | — 224h
s I —— 256h
2 3000 — — 288h
5
g
~ 2000+
1 000
0_

300 600 900 1200 1500 1800
Raman shift/cm’!

B3 B PR 45 R Aok
Fig. 3 Temperature aging spectrum of polypropylene

at each stage



3164 T 5 R A A #5125
B R TR S i1y K R R A S 22T IR R P9 AR R 2 B R R

M 4 AT RUA s RE SR 1 060 em™ ' b R, W
(B3R B2 5 2 AL I (] 2 BLAOAOG . X2 i TR A L% 20 R
LE. RALIHNRG Yo 75 LB L &R T R A,
IR L AR, B o — 2 A . Y A
JATATRRES BLE . £NE 2RI 2R, FWira 2
VRRREE AT

6000

—0h

50004

. 4000+

Intensity/a.u

[ ] w

(=3 (=3

(=3 (=3

(=} (=}
1 1

10004 n
0= .

300 600 900 1200 1500 1800
Raman shift/cm!

4 REZCHEMHEMRBEZUXEE

Fig. 4 Temperature aging spectrum of

PVC material at each stage
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Evaluation of Aging State of Wire Insulation Materials Based on
Raman Spectroscopy

FAN Yuan-chao, CHEN Xiao-jing* , HUANG Guang-zao, YUAN Lei-ming, SHI Wen, CHEN Xi
College of Electrical and Electronic Engineering, Wenzhou University, Wenzhou 325035, China

Abstract An accurate evaluation of the aging state of wire insulation materials can be used to reduce fire incidences caused by
wire insulation aging. In this study, Raman spectrum detection platform, self built aging equipment, accelerated temperature
aging and accelerated UV aging tests were applied to evaluate the aging state of 13 kinds of wire insulation materials
(polyvinylidene-fluoride, polypropylene, polytetrachloroethylene, nylon, Yada-nylon, polyurethane, latex, perfluoroethylene-
propylene-resin, rubber, polyethylene, polyvinyl-chloride). The samples were tested regularly based on temperature aging for 10
time periods. Using 32 hours interval and 15 sample data per aging time, the spectral data of 150 samples of each material
(aged) were obtained. Similarly, 13 time periods of UV aging, at a time interval of 16 hours and 15 samples data per aging time,
spectral data of 195 UV aging samples were recorded. According to aging period, temperature aging is divided into 10
categories, and UV aging was divided into 13 categories. Linear regression classification and a support vector machine was used
to classify the original spectral data. It was found that nylon, polyurethane, Teflon, rubber, etc., have more than 80%
accuracy of the two classification algorithms. However, the classification accuracy of some materials was less than 70%. The
support vector machine classification of original spectral data consumed a longer time due to alarge number of samples and high
spectral dimension. In order to further improve the classification accuracy and speed, the original spectral data were preprocessed
by iterative adaptive weighted penalty least square method and five-point cubic smoothing. PCA compression was used to reduce
the sample spectral dimension from 2048 to 3. Because the spectral dimension of the reduced sample is less than the number of
samples, it can not meet the requirements of linear regression classification. So support vector machine was used for
classification. After preprocessing and feature extraction, the classification effect of data was greatly improved, and the
classification accuracy of temperature aging and UV aging of all the materials was more than 90%. Furthermore, the
classification speed of the support vector machines has also been greatly improved. These results provide a theoretical basis for
the effective evaluation of the aging state of wire insulation materials and provide technical support for preventing accidents

caused by insulation aging.
Keywords Wire insulation; Wire aging; Raman spectroscopy; Feature extraction; Support vector machine
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