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Fig.5 Two-dimensional axisymmetric finite element model of
three layers rubber sealing film
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Fig.7 Variation curves of von Mises stress peak values of
single layer rubber sealing film with thicknesses

14
12+
4o 10
B sl
=
® 6L
<
4L
2r ‘/?//\‘\0
0 05 1.0 1.5 210 2‘.5 3.0
BB /mm
I E6,
E8 BREBRKRZHEMNZREEHZ/IMEMR
EENTH iM%
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Total Deformation

Type: Total Deformation

Unit: mm
Time: 1
2022/5/4 14:40

4.69 Max
4.168 9
3.647 8
3.1267
2.605 6
2.084 4
1.563 3
1.0422
0.521 11
0 Min

Equivalent Stress

Type: Equivalent (von-Mises) Stress.Top/Bottom

Unit: MPa
Time: 1
2022/5/4 15:37

4.628 8 Max
4.114 4
3.600 1
3.0858
25715
2.0572
1.5429
1.028 6
0.514 31

0 Min

(a) HR L 522

Total Deformation

Type: Total Deformation
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Time: 1
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16.42
14.368
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10.263
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6.157 6
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Fig.12 Nephograms of maximum deformations of multi-layered rubber sealing films
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Fig.13 Nephograms of von Mises stress peak values of multi-layered rubber sealing films
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Tab.1 Finite element analysis results of multi-layered of

rubber sealing film with aramid reinforced layer

Equivalent Stress
Type: Equivalent (von-Mises) Stress.Top/Bottom
Unit: MPa
Time: 1
2022/5/4 22:19

3.675 5 Max
3.269 5

2.8635

24575

2.0515

1.6455

12395

0.833 44

0.427 43

0.021 422 Min

(b) J5 4502
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Tab.2 Finite element analysis results of multi-layered of
rubber sealing film with nylon reinforced layer

THEMR X KRR/ SRR, R THESR X RRAIEE/ RN/ EAeEE
10°/Pa mm MPa B2/ ME 10°/Pa mm MPa e/ IME
1.0 4.600 2 0.7379 2.710 80 1.0 1.574 1 1.461 4 1.368 60
1.5 7.233 8 1.1865 1.685 60 1.5 2.346 2 2.2323 0.895 92
2.0 10.282 0 1.691 4 1.182 50 2.0 3.1192 3.0225 0.661 71
2.5 13.9750 2.2672 0.882 15 2.5 3.899 1 3.8232 0.523 12
3.0 18.473 0 3.6755 0.544 14 3.0 4.690 0 4.628 8 0.432 08
3.5 24.057 0 5.7556 0.347 49 3.5 5.496 0 5.4373 0.367 83

PR RES BN, HORZNE

(2) % o0 W 7ol 8 5 2 114 2 02 A 7 T 1
EHPERESY G R, PR AT DURR 96 52 B T A0 e G il
(35 58 J2 BB o

(3) 2R P84 6 22 AT LA i vog AR o I ) 4
PERE , i AT LASE S AR I 5 8 58 ) 77 i, DR 7 T
D0 R BRI, ] DL 5 06 U2 B 45 4 AR 2

B

SE Wk

[1] ZHOU C L, ZHENG J Y, GU C H. et al. Sealing performance
analysis of rubber O-ring in high—pressure gaseous hydrogen based

on finite element method[J]. International Journal Hydrogen Energy,

2017,42(16) ,11996-12004.

[2] B4 [ %, HAISER H,HAAS W, 5. OJF % &5t [l (4 PR JC 1 2% 5%



8 M

RSP0 5 e CREAR. I 8 1% e P O O B 52 1 DR 20 L 607

50

w e
= =
T T

R A5 i /mm
®)
3
T

—_
(=}
T

0»—"7/"/

1 1
1.0 1.5 2.0 25 3.0 35
T H K3 X 10°5/Pa

W7 IR @ — MR E  A—TCHRZ
B4 BERFHENSALETERTRERNETLHZE

Fig. 14 Variation curves of maximum deformations of

rubber sealing films with working pressures

14

<
[0}
=
S
o
&t
=
R
=
&
i
0 Il Il Il Il
1.0 1.5 2.0 25 3.0 3.5
TSR X 10°5/Pa
HEE 14,

BE15 ST ERN SR A IEER TR ESR R T4 i 2k
Fig. 15 Variation curves of von Mises stress peak values of
rubber sealing films with working pressures

0 1 1 1 1
1.0 15 2.0 25 3.0 3.5
TSR X 105/Pa
HF #1114
El16e #BREZEHEMZEEHZ/NMER
TRIERAIET (L Bl &

Fig. 16 Variation curves of safety coefficient minimum values of
rubber sealing films with working pressures

L B 545 AR, 2000, 19 (5) : 740-741, 744,
CHEN D G, HAISER H, HAAS W, et al. Analysis of elastomeric

O-ring seals using the finite element method [J]. Mechanical Science
and Technology,2000, 19 (5) : 740-741,744.

[3] ZHANG L, WEI X H. A novel structure of rubber ring for hydraulic
buffer seal based on numerical simulation[J]. Applied Sciences,
2021,11(5) :2036.

[4] ZHOU C L,CHEN G H,LIU P F. Finite element analysis of sealing
performance of rubber D-ring seal in high-pressure hydrogen storage
vessel[J]. Journal of Failure Analysis and Prevention,2018,18(4) :
846-855.

[5] UKW, A =0, ke, 55 o s B IR 4 Pl A 2 B AR S A .
TAABUI, 2017,45 (8) :37-42,63.

WANG B Q,YU S C,MENG X K,et al. Seal performance analysis
of a X-ring seal under high pressure[J]. Fluid Machinery, 2017, 45
(8) :37-42,63.

[6] HUANG Z Q, LI G. Optimization of cone bit bearing seal based on
failure analysis[J]. Advances in Mechanical Engineering,2018,10(3).
DOI:10. 1177/1687814018767485.

[7] HAO S H, YANG J. A novel quality requirement design method for
the quality characteristic of rubber products based on the reliability
constraint[J]. IEEE Access,2018,6:17887-17895.

[8] ZHOU Y, HUANG Z Q, TAN L, et al. Cone bit bearing seal failure
analysis based on the finite element analysis[J]. Engineering Failure
Analysis,2014,45:292-299.

[9] dk, EPCHE, 372, 4. 3T Abaqus/CAE S 3 B 2 KUk HAR %
HEERE M. W B S R, 2017,37 (1) :35-38.

ZHANG J,XIONG Q H,JI H, et al. Parametric modeling and sealing
performance analysis for Glyd-ring seals based on Abaqus/CAE[J].
Hydraulics Pneumatics & Seals,2017,37 (1) :35-38.

[10] YILDIZ Y, DUZGUN M. Stress analysis of ventilated brake
discs using the finite element method[J]. International Journal of
Automotive Technology, 2010, 11 (1) : 133-138.

[11] CHENG H M, CHEN XY, CHEN X L, et al. Research on key
factors of sealing performance of combined sealing ring[J]. Applied
Sciences,2022,12(2) : 714.

[12] ZRERYY, EALS], NS, 25 FRIRARIBOR Rl IE T ] B AR X Y
IR PR ST T]. AR T, 2022, 69 (7) :506-511.

RONG J G, HUANG Y J, BUJ L, et al. Research on creep
characteristic of damping rubber material on simple strain mode[J].
China Rubber Industry,2022,69 (7) :506-511.

[13] BRIGEHE. o s i W 4 A FROC A T S AL B H DL, 22 - 22
MR, 2015.

CHEN X D. Finite element analysis and optimization design on
seal structure of vessel under high pressure[D]. Lanzhou: Lanzhou
University, 2015.

[14] 3K R, 22048, BR. B Mooney-Rivlini 5l PE A4S A6 5 iy 2
BURRHERFSE[I]. W S AR S5, 2018, 38 (21) :427-430.

ZHANG L, LI Z H, MA X Q. Study on parameter characteristics
of rubber Mooney—Rivlin model[J]. Noise and Vibration Control,

2018,38(z1) :427-430.



B K

2023425704

[15] BXMEAR, AR B, 55 35T AnsysY OB AR 2 11 Pl 2 B i 2

AIFEERFEI] AR T, 2020,67 (2) : 131-134.

ZHAO M M, HUANG L, ZHANG Q, et al. Study on sealing
performance and reliability of rubber O-ring by Ansys[J]. China
Rubber Industry,2020,67 (2) : 131-134.

T, AR TR, 45 OJE 2 I i Lo 19 8 T HE fak 7 ) 15 ELAFF
FE[30. W %, 2021,46 (1) :27-33.

YANG B,HUANG L,DING J P, et al. Simulation study of O-ring
seal eccentricity[J]. Lubrication Engineering, 2021, 46 (11) : 27-
33.

[17] A8, el e i, 2. DU B T OTEAR i o o Pl B sl 4

PR B sgim Ryl , 2014,48 (6) :856-862.
ZHENG J P,SHEN M X,MENG X K, et al. Fretting characteristics

of the rubber O-ring for a mechanical seal[J]. Journal of Shanghai

[20] XIfR. =T ANSYSHYAR O %Y % 4 Pl 15 11 43 Hr (1], Tolk 2 R 6

#7,2016,3 (6) : 1088-1090.

LIU J. Simulation analysis on O-type rubber sealing ring using
ANSYS[J]. Industrial Technology Innovation, 2016, 3 (6) : 1088
1090.

R, R 2. PRSI AR XS OFE AU 2 A Pl s P e oy s i 0],
T 5% 4, 2019,44(6) : 17-24.

KANG J M, SONG P Y. Effect of seal groove shape on sealing
performance of rubber sealing O-ring[J]. Lubrication Engineering,
2019,44(6) : 17-24.

KA LE . HU A B YOI 2 B R HIFFE ], Wi LA T2,
2018,34(3) :23-26,39.

ZHANG Y A. Study on design of O-ring used in mechanical seal[J].
Electro Mechanical Engineering,2018,34 (3) :23-26,39.

Jiaotong University,2014,48 (6) : 856-862. [23] CUIK B, QINJQ, DIC C, et al. Finite element analysis and
(18] ZEW.ZE. e TA BROTAYOTRAL e Pl 2% B L RE A3 BT 0], RS 8h simulation of the sealing performance of Y-ring rubber seal[J].

#E+,2014,34(8) :31-33. Applied Mechanics and Materials,2014,444/445:1379-1383.

QIN Y J. Sealing performance analysis of O-ring based on finite [24] ZHOU C L,CHEN G H, LIU P F. Finite element analysis of sealing

element analysis[J]. Hydraulics Pneumatics & Seals,2014,34(8) :
31-33.

performance of rubber D-ring seal in high-pressure hydrogen

storage vessel[J]. Journal of Failure Analysis and Prevention, 2018,

18(4) : 846-855.
LIANG B L, YANG X,WANG Z L,et al. Influence of randomness

[19] A-BLEE, PhA AN, E3il, 5. OTAR i el 125 2% P g A7 PR JT /0
Mrla). H25,2021,58(5) :37-41. [25
REN Q C, SUN Z H, WANG P, et al. Finite element analysis of

in rubber materials parameters on the reliability of rubber O-ring
vacuum sealing performance of O-ring[J]. Vacuum, 2021, 58 (5) : seal[J]. Materials,2019,12(9) : 1566.
37-41. Yeim HHA:2023-04-17

Comparative Analysis on Key Factors Influencing Sealing Performance of
Rubber Sealing Film for Gas Storage Tank

LIU Xuejing' , HUANG Xiujun',JIN Shoufeng',ZHANG Bin', WANG Siging',XING Yu',

2 2
LI Yang™,ZHAO Hanchen
(1. Xi an Polytechnic University,Xi’an 710048 ,China;2. Xi’an Thermal Power Research Institute Co. ,Ltd,Xi’an 710043, China)

Abstract: The finite element models of the single layer and multi-layered rubber sealing films were
established for the rubber sealing structure of the gas storage tank,respectively. The sealing performances of
the single layer rubber sealing films with different lengths and thicknesses were analyzed by using the finite
element software Ansys, and compared with themulti-layered rubber sealing film with the reinforcing layer
and optimized structural parameters. The results showed that, with the increase of the thickness, the maximum
deformation and von Mises stress peak value of the single layer rubber sealing film decreased first and then
levelled off. The sealing performance of the multi-layered rubber sealing film with the reinforcing layer
was better than that of the single layer rubber sealing film, particularly,under heavy-duty working pressure.
Moreover, the multi-layered rubber sealing film had smaller maximum deformation and von Mises stress
peak value and larger minimum value of safety coefficient, which was conducive to improving the sealing
performance and extending the service life of the rubber sealing film.

Key words: rubber sealing film;sealing performance;reinforcing layer;deformation;von Mises stress



