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Rapid detection of mechanical properties for cross-linked polyethylene
cable insulation based on near-infrared spectroscopy

Huang Kaiwen'?, Liu Chenhui’, Ouyang Benhong'*", Wang Yuli'?,
Yuan Jianjun'?, Yuan Zhen’, Liu Songhua'?
(1. China Electric Power Research Institute Co., Ltd., Wuhan 430074, China;

2. State Key Laboratory of Power Grid Environmental Protection, Wuhan 430074, China;
3. Polypower (Beijing) Technology Co., Ltd., Beijing 100020, China)

Abstract: This study aimed to establish a rapid on-site detection method for the mechanical properties of cross-linked
polyethylene (XLPE) cable insulation based on near-infrared spectroscopy. Considering the high light transmittance of
XLPE insulation and taking into account spectral repeatability and signal-to-noise ratio, a transflective "6+1" fiber optic
acquisition probe and a supporting detection device were developed. The near-infrared spectra of 60 cable samples were
collected, and the influence of spectral baseline drift was eliminated by second-order derivative pretreatment. The elongation
at break and tensile strength of the samples were measured according to GB/T 2951.11—2008 and used as reference values
for modeling, and the repeatability of the reference data was verified. The preprocessed spectral matrix was correlated with
the reference values using partial least squares (PLS) regression, and a multivariate calibration model for the mechanical
properties of XLPE insulation was established. The results show that the cross-validation standard errors of the model for
elongation at break and tensile strength are 12.16 and 0.55, respectively. When five blind samples were prepared by the
model, the relative deviations between the predicted results and the reference values are all less than 5%, demonstrating that
the model can effectively achieve rapid assessment of the mechanical properties of XLPE insulation.

Key words: cable; cross-linked polyethylene (XLPE); mechanical property; near-infrared spectroscopy; rapid assessment
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Fig.1 The propagation path of light in XLPE material

A P VEAT I8 S S R E S A T O B R 2R

J7 SO TE B . W ELSE S ) R AN S
Bk JZ a0, e e R A, R T I —
B R AL IS SR I e, BT A0 A 2 R O K
B 2 Fram . 18 SO R e B IR ST s
REFH G 6 ECT U FE 510 1 B H (NIR-
M-R3 %Y, Inno-Spec 2 ] ) Fl 5 A K6 & 1143 A%
75 IS SR WU 2 B AU B S e B I Al b AR R
FEJ7 0 AERE v b3 a5 — A v 4l 58 VU 96 & 045 e 5
R, E 1) 28 FF i ), K 406 2% 2 U B 4 Bl ) P ) 1
mm JF 4520, a3 Fros . FE w77 U0k
FE— 30 BGOSR R SRR 3 AN KRR AL B
RAFE RUR AR 3 OEIE , BCTF 3 TSR NS KA
oG o

NI I8 J St 5 33 S P b R B T % XLPE

HLZSFE
- XLPE414% )2

JURAN ]
i R

e soh e

BeEims ASFITLIME

B2 BETERSHLERESYE
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the same cable
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Fig.7 Standard deviation curves of the repeated spectra for

five samples
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Tablel Mechanical properties parameters of sixty samples
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Fig.8 The relative standard deviation of the elongation at

break and tensile strength of samples
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spectra of samples
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Table 2 Statistical parameters of the

calibration model prediction
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Fig.10 Linear fitting results of cross-validation predicted
values and reference values for elongation at break and

tensile strength
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Table 3 Comparison between predicted and reference values

of elongation at break of blind samples

G SHEAHY% /% A% FEX R 2E /%
1* 410.25 426.35 16.1 3.92
2 485.12 478.63 -6.49 -1.34
3* 505.78 512.54 6.76 1.34
4 645.12 634.1 -11.02 -1.71
5" 732.38 718.19 -14.19 -1.94
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Table 4 Comparison between predicted and reference values

of tensile strength of blind samples

G5 BEAU/MPa  TRIME/MPa 45007/ MPa AHXHR 2 /%

1# 23.56 24.12 0.56 2.38
2 24.83 2437 -0.46 -1.85
3 25.84 25.28 -0.56 -2.17
4 26.17 26.32 0.15 0.57
5* 27.25 27.89 0.64 2.35
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Table 5 Repeatability test results of mechanical properties for

representative samples
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Welm2z  Hefm 2z
50575 498.62 496.67 50035 478  3.22%
ik
30 :
ok
. 26.62 26.64 2678 26.68  0.09  0.74%
R
L 44124 44387 44334 4428 139 1.59%
g
34
sk
2520 2527 2517 2521  0.05  0.87%
Gy
623.28 620.24 632.84 62546 6.57  3.03%
i
40" )
ik
25.54 2565 2548 2556  0.09  0.21%
R

M5 AT LG 5 TR A Jy s PE R SR b, 1T
LA T B DA Y 5 2 % A 4

4 ZEip

(1) 3T I 5 K4 1) XLPE 46 4 2 6 18 br v
Z/NT0.001 3,15 LGy, i R AR IR AR Y AR TR oK o

(2) XLPE £z T 1360~1390 nm A1 1410~
1 450 nm ¥ 3% 45 3= 2y -CH, {4 % 3 fi5 4 5 L 2
i1 41 B0 5 A1) 4 405 A2 T 1 660~ 1 800 nm i 7y AT
RE N —CH,~ F1-CH, fif 4 9% 2)) 1) & #3105 5 A~ [7] XLPE
FE T 20 A0 63 1 e o7 B AR R, W s AN [R], T A T
FAE XLPE 482 )2 4 A1k o

(38 FH 3T 21 A1 6 1% A1 PLS F 37 f A 784 ) £
XLPE 48 % J72 ) 5 VERE AR AR 45 2R 5 GB/T 2951.11—
2008 A &5 SR B A B i — B

(DFEET UL AMETERA , S T L8tk XLPE
45 2% J2 1) W SR 56 R0 e ke o B 1Y () B S 00 A R
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