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Research on the Winding Performance of Domestic Polypropylene Films Based on
Finite Element Simulation
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(1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology ,
Guangxi Guilin 541004, China; 2. Guilin Power Capacitor Co., Ltd., Guangxi Guilin 541004, China)
Abstract: Dry -type DC-link capacitors are core components in VSC-HVDC transmission systems. The
winding quality of capacitor elements directly determines the electrical performance and long - term
operational reliability of the products. In view of the winding process adaptability issues arising from the
mechanical strength discrepancies between metallized polypropylene films made from domestic and
imported resins, a two-dimensional axisymmetric finite element model of the cylindrical capacitor element
winding process is established using the ANSYS platform. The regional layering technique is adopted to
optimize the trade - off between computational efficiency and simulation fidelity. The stress behavior,
deformation patterns, and interlaminar pressure distributions of the two film types are systematically
compared under three constant winding tension levels—8 N, 10 N, and 13 N. In this study, the film
prepared from domestic granule (Sinopec Zhongyuan Petrochemical FCO3R) is denoted as Resin A, and
the film prepared from imported granule (Borealis HC300BF) is denoted as Resin B. The study results
show that the longitudinal elastic modulus of Resin A is 19.3% lower than that of Resin B. As a consequence,
the maximum equivalent stress in the base layer of Resin A is 1.72% lower, and the maximum radial
deformation is 1.18% lower than those of Resin B. In addition, the inter-layer pressure exhibits significant

layered characteristics, with notable differences observed in the pressure distribution of the outer layers.
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Resin A has a smaller strength reserve, leading to a higher risk of film rupture and a narrower winding

process window compared to resin B. The simulation findings are further validated through accelerated

aging tests under different winding tensions, revealing that a moderate winding tension enables domestically

produced film elements to achieve optimal capacitance stability. The research results provide quantitative

theoretical support for the optimization of winding process parameters for domestic resin films.

Keywords: resin; biaxially oriented polypropylene film; DC-link capacitor; winding process; finite element

simulation; mechanical response
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Table 1 Dimensions of the module structure

Fe5 AN up KE/mm BJEE/mm
1 Y e RIRERHE(PC) 152 9(HAZ)
2 EERZE(NEZE)  BOPP R 150 10
3 hEEEZE S BOPP K 150 3
4 Hhz BOPP T 150 3
5 HAMNZ BOPP T 150 3

1.2 MHREMEX

Ry AR M AR M 5 2 AR AR A DA
J543 1k FCO3RCHLALIELREE PPH-FCO3R) M Uk 45 1)
HEE R A, IALERFE T. HC300BF (Borclean™
HC300BF) Ay J5feh il £ B IC AR g B, PRI 1
HLAE A5 9% BOPP AR, S ) 2= S8 3k 2
TR UFER HIRBKIRNR (PC) , 250N 3 FiR.

%2 BOPPHEHEEXEERIEMEISH
Table 2 Orthotropic material parameters of BOPP film

P B A (5 g BLRK
fIfLFCO3R) L T-HC300BF)
7 AR X(MD)/Pa 2.501x10° 3.099x10°
AR Y (TD)/Pa 4.069x10° 5.124x10°
Wt Z(J2)/Pa 1.8x10° 1.8x10°
TS XY 0.35 0.35
THAME YZ 0.35 0.35
TR X7 0.35 0.35
BYYIRE XY/Pa 9.5x10° 9.5x10*
B E YZ/Pa 6.5%10° 6.5x10°
B PIEE X7Z/Pa 6.5%10° 6.5x10°
%%/ (kg/m’) 900 900
MD Fiffi58 5 /Pa 1.98x10° 2.00%10°
TD Hr 15 3 /Pa 3.05x10° 3.27x10°
Wr B 2 MD/% 141 158
Wi A TD/% 60 62

x3 EHH(PCTREER)SH

Table 3 Material parameters of mandrel (PC engineering

XS MD J7 ), Y Xt TD J7 16, 7 A X Rz P
Jrl) o JTPFEARESHUNIE 1 PR

1 BERTHTRE
Fig.1 Schematic diagram of capacitor element
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Table 4 Linear load corresponding to different winding

tensions
BAESEKT(FIN) 2R3 ¢ /(N/mm)
8 212.2
10 265.3
13 344.9

plastic)
SRR Hfy
PR i/ Pa 2.4x10°
EL/N R 0.38
%%/ (kg/m’) 1200
Ik 20 (1/°C) 6.5%10°

BOPP i 15y HiL 7 1F 52 4% fia) S PR B4 R, 9 i)
(MD, %585 1)) M) (TD) 5 LR Jy 1] ) 2Pk
Sl o MO AR A n AR S A D5 1) R B < X
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Fig.2 Comparison of core stress distribution under
constant winding tension of 10 N
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Fig. 3 Equivalent stress contour of resin A
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Fig. 4 Equivalent stress contour of resin B
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Fig. 5 Overall equivalent stress contour of resin B
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Fig. 6 Overall equivalent stress contour of resin A
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Table 5 Comparison of maximum equivalent stress of
film base layer under different winding tensions

PR AR IR BEK

> AsAl 32
gﬁi SRR SR ﬁﬁ’ l‘f /
MPa MPa
8 62572 63666 1094 -1.72
10 78229 79597  -1368  -1.72
13 10170.0 103480 1780 -1.72

5 R, RGBS E ST IR A BERlZ R
SN ST IIMAR TG B, 22 (EREK S s, 4
XA AR E N - 1.72%,

GG APRMERE AT, SRR A 19 MD [l fdom i
7 198 MPa, fik T-HE B % 200 MPa, 5% J& fiff 45 57
/No MFEELEEAT TR A BB 5 HEm i B FR , 5k
FIEETHIEHE S TG B k7 Ao BE B, Wi
LU SATE =N
24 REERSH

&l 7-8 PR IR IEAE 8 N.10 N 13 N fHE &
Zesk T AR AR IE = B . PR B B A% 5k T
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Fig. 7 Radial deformation contour of resin A
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Table 6 Comparison of maximum radial deformation of
film under different winding tensions

B8 RIEARK WIS BHRA -
SN A5 mm ZAtimm  AEEER %

AFTE te/mm

8 9.490 3 9.603 5 -0.1132 -1.18
10 11.865 12.007 -0.142 -1.18
13 15.425 15.609 -0.184 -1.18

%6 Bl R MFEESEKk T TR A RoRie
0] A5 S BT B, 25 (EBETK SRR AH
XEACAEIE N ~1.18% , TSN 1 73 Hr&sie—E.
5 PR RE A RV IR A A 1) 22 TE D
ZN  ECFCH AR R R A 5 P AT, A RS HE T
ST, B Sy R B R AR R o AN ad R AR 1 AR

PR R IR I S8 A8 A5 AR i — B

-5.0337
~6.8633 fit/h

(a) 8 N 254N =

-6.2933
-8.5808 fit/I

(b) 10 N 25308 /) 7

9.6614
6. 6876
3.7138
0.73998
-22338
-5.2077
-8.1815
~11.155%/

(¢) 13N Z30 M S

E8 WIEBREEH=E
Fig. 8 Radial deformation contour of resin B
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Fig.9 Interlaminar pressure contour of resin A under a
constant winding tension of 10 N
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Fig. 10 Interlaminar pressure contour of resin B under a
constant winding tension of 10 N
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Fig. 11 Physical photograph of the capacitor element for
experiments
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9 80°C . 1.4 54 LK (1.4 UNDC) FHF4E 24 h;
55 2 BYBCR 80°C 1.6 f5 45 LU (1.6 UNDC) N4
22 240 ho RIS 4300 T R B AR (C)
A FAFEA IEY] (tand) , A B AL E S tand 1
i IFGET AR ARS . S50 I3 7 R,

H 2 7 AT AE 3 Fhsk J17KF R, Jeff tand
TJoHhr, A SRRBEARLEY R 0, Rk ik Iy
WICHFEAR R A4 2% 78 , B A HAR M A kT S

FEHLA AR T T, 3 Bk ) R I TEAESS 1 By
BB R IY +0.05% /N EARAL & IE 5 & W)
WA B S . HEACEE 2 BYBEE L3 Rhak T H
3 B A R (PR R 22 S 2 5K ) B HR
HAERUN-0.31%, BB AE 5K 1 A(-1.27%) F
K C(=1.05%) o FLZE 0 ] B R A i YB3 (] Ol

R7 FRABEKNTETHRTHZURBER

Table 7 Aging test results of domestic film elements under different winding tensions

kIR e LA AR % tand I HGE/x 107 FEASL  ARRAEAEL
A 80°C.1.4 Uy.DC.24h +0.05 0 6 0
kI A 80°C.1.6 Uy .DC.240 h -1.27 0 6 0
5B 80°C.1.4 Uy .DC.24h +0.04 0 6 0
¥ B 80°C.1.6 Uy .DC.240 h -0.31 0 6 0
ikJic 80°C.1.4 Uy .DC .24 h +0.06 0 6 0
wIc 80°C.1.6 Uy .DC.240 h -1.05 0 6 0
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