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Finite Element Analysis and Test Verification of T-groove Seal Structure
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ABSTRACT: The paper aims to optimize the design of T-type seal structure by finite element analysis. In this paper, a
two-dimensional axisymmetric model of T-groove seal structure for hydraulic system was established by ABAQUS. The effects
of transition fillet, groove width and inclination angle on the stress distribution and contact stress of the seal ring were analyzed
and calculated. The analysis conclusion was verified by designing aging life test of the seal ring. With the increase of transition
fillet (R0.5~R2) and the decrease of inclination angle (10°~3°), the maximum local stress and contact stress of the sealing ring
decreased; while with the increase of groove width (10~18 mm), the maximum local stress of the sealing ring increased and the
contact stress decreased gradually. The contact stress of the sealing structure was larger than that of the sealing medium pressure
by 0.7 MPa. Finally, it was proved by experiments that the sealing structure used for analysis satisfied the sealing performance,
and unreasonable design would reduce the life of the sealing ring. In case of low pressure of sealing medium, it is recommended
to select big transition fillet (recommended value of R2), small inclination angle (recommended value is 5°~6°), small slot width
(recommended value is 1.2~1.5 times of the diameter of sealing ring cross section).
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Fig.1 T-groove structure: a) sealing structure;
b) seal ring structure
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Fig.2 Tensiletest data of mechanical properties
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Fig.4 Contact setting of sealing ring and tooling:
a) contact setting of sealing ring and flange;
b) integral assembly model of seal ring
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Fig.5 Stressdistribution of seal ring with different transition fillet
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Fig.6 Curve of local stress and contact stress of
sealing ring with transition fillet
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Fig.7 Stressdistribution of seal ring with different groove width
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Fig.8 Variation curve of local stress and contact stress of
sealing ring with groove width
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Tab.1 Sealing structure for test
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1 2 12 5
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Tab.2 Test conditions
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Fig.9 Stressdistribution of seal ring with different inclination angles

JRy AR R R F

SR B R SR AR
= BRAS RARE

1 J1{E P/MPa
N

2 4 6 8 10
A pI°

Pl 10 o B Jay A L g AR ik 7 B AT AR A A A il 2k
Fig.10 \Variation curve of local stress and contact stress of
sealing ring with inclination angle
J 4 78 R T 2 A T 12 5 A T I i e 44K
Bk s LAl i (] 55 5] 336 h st (A it U

FoN 0.01%, #5 K 100 Pa-L/s) #ibrHE—1 k3]
Tt o RIS R L 3.

T 3T I ER R R Y H A& T 6 4R
AR EE R, R 3WTIEL, &M LMk
1 2 P REAR PR 0 3 A rp 38 oK e A i B b, T 2% R
3. KM 45 EITE TR . 6 IREKIRIT &4
MR R bR . ZRPFEIBE TG, Ka BB
KRB, Ak 3G 4 W FT A REAR Y & A B VIR
ZMF LREARISEL, NS 2 R R 2 REARSELF,
AAFEATE a3 U IR 7 b 0 1 2% A 22 b mT DL L
RIS 2 B A AR R an &l 11 R o

A LA Y, 78 Rl I a0 Al 58 R Aok
(R A B A, 8 Bl 5 % s 4 (R B K
FREA R Sy, I EL SR R i R MR K o
b 5 2% B P S AL R A B, LT BY B i B b 7E 2K
W RN S R KA R F sy bl s e, 2
R R E N [ TN

®3 SKRER

Tab.3 Results of helium leak detection Pa:L/s
%1 52 %3 54 %51 %561 5T
I AR 1.6x107 1.7x10°8 1.8x10°8 1.6x10°8 1.7x10°8 1.6x10°8 1.6x10°8
S 1 R R 5.0x107° 5.0x107° 1.0x107° 6.2x107° 1.2x10™ 1.6x10™ 7.7x107
it 2 R 9.2x10°° 7.5x107° 5.2x107° 1.9x10™ 3.8x10™ 6.2x107 9.0x10™*
S0 3 & 2.1x107* 1.9x10™ 5.4x107 6.2x107* 1.8x1073 3.2x107° 5.0x1072
A 4 MR 3.6x10* 6.0x107* 8.1x10* 9.1x10* 2.2x1073 1.2x1072 0.1
4 Zi AR AT R 7 43 A AN b 7 ) s i AT T AT, A

SCPCR A BROTHE , BE T T AU E A5 S50

45 T ENZ BRI AT TR L, i
ARG T REEEA ROt T EIE R T APREY,



BTk ETH

TR T ARG A BT AT AR 0 E 63

a &1 b &1 2

o 43

d %14

K11 Wl EREA
Fig.11 Sample after test: @) condition 1; b) condition 2; ¢) condition 3; d) condition 4

U A A URE A R G R 2 T U B
Jry R INE 7 e FARLIA AR K, el 4528 P 5 DI A 1) DU
Py Ak U R A L WA BN, ARG K
N2 S B b N 7 B0, TR 52 i 28 R A T AR
BRI, X TR R GE T RURE S5 R 7 0 2 2% BHPERE ok
FIRTEE T, S0 F R A i 3] £ (HEFR(E N R2),
BN AE (EFRE N 5°~6°) Ml ve (it (E
R4 B P AR A ELAR Y 1.2~1.5 4% ).

EE B

[1] FRIBOURG D, AUDRAIN A, COUGNON L. The Per-
formance of Mechanical Seals Used in a High Vibration
Environment[J]. Sealing Technology, 2010(2): 7-11.

(2 oo, FEER, WRE, S5 FB S E BN A
FEFRsEm R[], WSS 30, 2015, 7(3): 32-35.
QIAN Wen-giang, JANG Guo-zhang, XIE Liang-xi, et
a. Influencing Factors of Stress and Contact Pressure in
Rectangular Seal[J]. Chinese Hydraulics & Pneumatics,
2015, 7(3): 32-35.

[31 ik, & O B EIB AN 1A FROC ). 11
5%, 2010, 35(2): 80-83.

ZHANG Jing, JN Gui. Finite Element Analysis of Con-
tact Stress of O-ring Seal[J]. Lubrication Engineering,
2010, 35(2): 80-83.

[4 iz R, B, X%, A KRG RS B
o SRS [J). R R R 22 4 (A AR
Ji), 2017, 45(4): 23-56.
YUN Fei-hong, WANG Li-quan, LIU Jun, et a. Optimi-
zation Analysis and Experimental Research on Seal of
Subsea Collet Connector[J]. Journal of Huazhong Univer-
sity of Science and Technology (Nature Science Edition),
2017, 45(4): 23-56.

[5]  ZAF, Mo, @hfh, . T SRR E NS

6]

(8]

(9

(10]

FRPEROBUEH AT, 22T 224k, 2009, 35(5):
42-46.

LI Ren-nian, SHEN Jian-feng, HAN Wi, et al. Numerical
Evaluation of Micro-channel Flow Characteristics in
T-groove Dry Gas Seal[J]. Journa of Lanzhou University
of Technology, 2009, 35(5): 42-46.

T3CH:, Bise, TE, . 5 dRas s B e iz
THSHERE AT, AERTH TR 24244z, 2008, 28(11):
979-1034.

WANG Wen-rui, GU Liang, WANG Guo-li, et a. Design
and Performance Analysis of the Static Seal Structure of a
Vaned Damp[J]. Transactions of Beijing Institute of
Technology, 2008, 28(11): 979-1034.

BUR, BHGELL, ¥k, A SETARROTO TR Y B
RIPEREDLAL BT, 8 5% £, 2014, 39(4): 83-88.
HUANG Le, JA Xiao-hong, GUO Fei, et a. Optimiza-
tion Design of Y-Sealing Ring Based on Finite Element
Analysig[J]. Lubrication Engineering, 2014, 39(4): 83-88.
KR4, TLEASE, A, S HUMEE T O B
EEEN R R, LTS8 R oe 4, 2014, 48(6):
856-862.

ZHENG Jin-peng, SHEN Ming-xue, MENG Xiang-kai, et
al. Fretting Characteristics of the Rubber O-Ring for a
Mechanical Seal[J]. Journal of Shanghai Jiaotong Univer-
sity, 2014, 48(6): 856-862.

BAFNA S. Factors Influencing Hardness and Compres-
sion Set Measurements on O-rings[J]. Polymer-Plastics
Technology and Engineering, 2013, 52(11): 1069-1073.
A5, BF, R & RAERAR I U CE
0 Ve 2 AR T[], T 5 &, 2015, 40(5):
89-93.

SHI Ying, CHEN Ping, ZHOU Shu-min. Sealing Per-
formance Analysis of Rubber C-ring for High-pressure
Natural Gas Quick-opening Closure[J]. Lubrication En-
gineering, 2015, 40(5): 89-93.



