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Comprehensive evaluation of polypropylene films based on combination
weighting and extension cloud model

XIE Jun, WANG Qi", XIA Guowei, QIAO Chunying, WANG Qikai, YANG Jiawang, SHI Xiaoyu
(Department of Electrical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: As a critical insulating dielectric in high-voltage direct current transmission equipment, the comprehensive
performance of polypropylene film has an important impact on the operational reliability and service life of power electronic
devices. Therefore, it is urgent to establish a quantifiable and comparable comprehensive evaluation method. In this paper, a
comprehensive performance evaluation index system of polypropylene film was constructed, and a comprehensive
evaluation method combining combination weighting and extension cloud model was proposed. First, the subjective weights
of indicators were determined by using the extension analytic hierarchy process, and the subjective weights were obtained
by improved entropy weight method. On this basis, the optimization integration of subjective and objective weights were
achieved through game theory. Subsequently, the extension cloud model was introduced to calculate the cloud correlation
degree to complete the comprehensive performance grade determination of films, and the credibility of the evaluation results
was tested in combination with the confidence factor. Finally, the reliability of the model was verified by objective
performance characterization experiments. The results show that this method can achieve the grading of comprehensive
properties of polypropylene films, and the evaluation results are in good agreement with the test conclusions regarding
insulation, mechanical properties, and self-healing performance. The proposed comprehensive evaluation model is scientific
and practical, which can provide an effective theoretical basis for the performance evaluation and material optimization
design of polypropylene film.

Key words: polypropylene films; comprehensive evaluation; combination weight; extension cloud model
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Fig.1 Indicator systems of polypropylene films
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Fig.2 EAHP hierarchical structure of polypropylene films
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Table 1 Scale comparison of relative importance
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Table 2 Extension interval judgment matrix for the

comprehensive performance of polypropylene films

Eizea Y25 PERE EPgiRi Pk Cdia
AN fE <1.00,1.00> <1.242.21> <3.21,4.17>
SRt <0.45,0.81> <1.00,1.00> <2.36,3.05>
VA L <0.24,0.31> <0.33,0.42> <1.00,1.00>

®3 B RETTHRX A F B AR B

Table 3  Extension interval judgment matrix for insulation

performance
EGEAY mid KR AW PmRNY SE

ZE R <2.43,3.12><5.32,6.42><1.00,1.00><4.15,5.12><0.89,1.21>
Jr i RS <0.46,0.63><3.11,3,65><0.20,0.24><1.00,1.00><0.19,0.23>
SR <2.11,3.12><5.46,6.11><0.82,1.12><4.31,5.14><1.00,1.00>

*4 BAMEETRXIEFE AR

Table 4 Extension interval judgment matrix for self-healing

performance
fetr JE R 75 BHL TR
=853 <1.00,1.00> <0.33,0.46> <0.27,0.39>
J7 Bl <2.19,3.01> <1.00,1.00> <0.17,0.18>
o TE <2.57,3.76> <5.54,6.01> <1.00,1.00>

®S NFMEETTAX A AR R
Table 5 Extension interval judgment matrix for

mechanical performance

Ei=2n I I e TP RS 5
B ) <1.00,1.00> <0.96,1.12>
TR R A <0.89,1.04> <1.00,1.00>
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Fig.3 XRD patterns of polypropylene films
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Fig.5 WAXS patterns of polypropylene films
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Fig.6 One-dimensional intensity integration curves
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Table 6 Indicator information of six types of films
EEL #1 #2 #3 #4 #5 #6
P EmEEL% 0 0 0 0 0 0
AT E/(10% 162 90 216 288 307 410
255 E % 63.50 55.00 5827 43.14 5548 56.74
H & B /nm 1023 1035 1143 975 1055 10.94
R % 97.07 9641 96.57 9559 9590 96.11
Y T 0.14 0.11 0.12 003 0.08 0.04
FRMAREE /um 009 013 0.06 0.12 0.16 0.15
JEJE /um 12.00 11.00 12.00 10.00 12.00 13.60
77 FH/Q 45.00 40.00 39.00 50.00 48.00 45.00
I TE/(x10°g/mol) 75.09 64.11 71.11 5523 68.12 6845

EFXF AR 6 SR bR E B, R BB R ML
HE I, RIUAT A5 2045 45 10 2 MALE w,=(0,
0.1172, 0.082 5, 0.1155, 0.123 5, 0.127 0, 0.101 5,
0.104 9,0.140 3,0.087 5)"
23 ETEFILHLE ST

ORISR IR AL E , N TR AL
H R E EAE, R S HECHR[22], B TR0
FE A EFATH WA, PR F .

(DR EREESw={w,w,}, LA w NEMR
BCE, w, N AL o YA ) B R 2 1t 4 5
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Table 7 Comprehensive weights of each indicator

EiEEan T E AL E YA E
it 0.106 1 0 0.053 1
Wy & & 0.0713 0.117 2 0.094 3
g 0.129 4 0.082 5 0.106 1
5 0.1122 0.1155 0.1139
e 0.109 6 0.123 5 0.116 6
PR T 0.102 8 0.127 0 0.1149
MRS 0.053 4 0.1015 0.077 5
=853 0.059 3 0.104 9 0.082 1
Ji 0.092 7 0.140 3 0.116 5
ST aE 0.163 1 0.087 5 0.1253
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Fig.7 Gaussian cloud model
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Table 9 Standard cloud model for comprehensive evaluation grades
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Table 10 Evaluation indicator values of the films

fabz #N #D

s AL (B B A E)/% 0 0
RO /(x107) 140 210
S5 % 53.48 46.14
F iR 2 nm 12.35 8.58
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PS8 L I AT 0.11 0.13
FIHHREEE /um 0.13 0.17
JE I /um 15.00 21.00
J7BR/Q 41.00 36.00
43 FHE/(x10" g/mol) 65.21 58.17
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Table 11  Weight output comparison under sampling
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Table 12 Comprehensive judgment vector and confidence factor
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Fig.8 Macroscopic performance test results
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Table 13 Comparison of macroscopic performance
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