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Research on the influence of circular grooves on the sealing performance
stability of pipe joints under vibration condition

LIU Jing', ZHANG Ling’, PANG Kaiyue®, JIA Duo’, WANG Runliang*, ZHONG Houshun*, DING Xiaoyu®
(1. Shenyang Aircraft Design and Research Institute, Shenyang 110035, China; 2. Xinxiang Aviation Industry( Group) Co., Ltd.,
Xinxiang 453000, China; 3. AECC Shenyang Engine Research Institution, Shenyang 110000, China;

4. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract ; Conical pipe joints are widely used in pipeline systems of various aerospace vehicles, and the stability of
their sealing performance directly impacts the reliability of the aircraft’s operation. Engineering experience has
shown that setting circular grooves on the conical surface can improve the stability of the sealing performance of
conical pipe joints. However, there is currently a shortage of experimental data to support this viewpoint. This
article takes a 74° conical pipe joint commonly used in aircraft engines as the object and demonstrates rotational
bending fatigue tests that circular grooves can significantly improve the stability of the sealing performance of conical
pipe joints under vibration condition. On this basis, this article verifies through finite element simulation that the
edges of the annular groove can generate contact pressure concentration bands, which serve as a form of line
sealing. Thus, a qualitative explanation is provided for the mechanism of improving the stability of sealing
performance by the annular groove. This study provides a reference for improving the design of conical pipe joints
and other forms of static sealing structures.

Key words: pipe joints; sealing performance; vibration condition; circular groove; rotational bending fatigue test

Wrfs HHA.2024-06-13; f&E HHA:2024-07-15

E£TH . HARSMMPHAD H (JSZ1.2022205A001 )

EZRN .0 FH(1984—) %, WK TR, BB CATR BT 5 A4 v A s T2 5 I 98 . E-mail : Knight_1860@163.com
BIE1ESE . THET(1984—) 5 BFSE 0L Wit BB TG4 1 7 RS . E-mail ; xiaoyu.ding@bit.edu.cn



230 o T B 5 T & #& 3 545 45

0 35

SHETRVE $ Sk T2 BT T2 T2 LR AT 2 BOAS 8% R G, B BUAL i T AR B VR T, s B PR RE R0 AR
FEVEEAEE G CAT AR TAE AT Sk . FERTZS R, Hhy T 10 A 4 Sk 288 it O 3 B0 ) i g ) R A
e, Hrb R SR ) B G R I 4 S A Sk T AN R | R AR 3 T80T AR A% — Bk e 52 i L B T
T o CPh B G T R S i Sk A B PEREANRE  AEIR B T 00T 7 5 th B S il

N T SETHHETAE HCSK B EERE, S B TIN5 EZ i T P2 0T AR, (LA W07 BB R 2 e
TS S 1 2 O BTSN 110 2K SR e L A, 2% s SR AT ) SOV S5, LR o 2 e
TR 75 MR L 2 fh S 138 2 s 7 ) 88 von Miises SF280 77 B R /INKE 48 B BEREA T IFH | DT A5 21 4 v £
JEE HESf 22 R JREBE 222 g R 3 ) A B ol e DR B B B P RE R RO AT SE AR A S 3 T X o
TET G B S N7 1 () PR, 23 2 R ST RO A5 14 22 IR A BT O BLAST AL i o U 22 1T 13 2 s i
I8 F it B B NV A AR AR BB REVEA T 0 BT AR . AT A 45 R 0 T A T8 2 25 WA 38 2 % T
WUARSS G Y, AR 2 T A B, IRt HOREAE — 5 R Lo A 25 A s e I5E 2 805 o B 1k BB 2 Tl 119 7 1k
KA AT HAOR KR ARMEFE IR e 14 07 FOR R b 2% JE A RIS 28 1k DR 3R, a7 T 45 61
AR FARAE RSO 345 , DHARME 08 18 0 BT B M 48 Bl it sk BE 2 B0 IR 3 T 00 T 4 1 Sk o B
RERSE PERY R

AW R, B AR A LB B MRS AT DL T B RE AR E | LN 22 B2l O 1
REA BT, SR TTAT A AR AU — e FET A b Rl T Sk 2 I R R R 3, — 28 TR A SR
ST He Sk AR 2 PR (MRS, D 3 A JEC AR 0 o % A A e Sk B+ AR TR R
P 8 RS T LA ek A PR MR 6 v 42 Sk 2 R ARG PRI AR THICR

ARSCRIMT S e shBILLwe PR 74 00 A8 122K D 0o 42, 3 o e 2 257 il 95 571X B e W] 1 BAE IUIRE T LA
FARTHIRE) TO0T S m S B EERERREVE . fEIEIERE b A SO T4 BROT 07 FO0 8 M e T2 B i
RERSEPERUDLERSS 1 R PR RO R | O B T A e Sk SO s s S M ot B R T 5%

1 iRIE X5

ARSI X GRS Rl R RS 740 A Sk LS K LR i S B AR AN
3 NHERE S NSNS IR RE =05y Ho AR Sk B N R Sk 2 IR B HE TR B AL, AR SCBR A, FR
AR 1 (0 NSRS Sk b 0 MRS A — R, DAL AR T T B e s s A O AR
ROR . RGBSR AR 1(a) R, BB E e — o8 B nHETT . O T S0 ik PR IR MRS X6 4 1 A5 42
Sk 25 PR BEASUE TR SE R, AR SCHE S B XS AMEE T LB T — AN INJE NI 8 A 1 el i e v A R Sk,
B 1(b) s, ASGRIEH T 8,12 mmEFRIX 2 FAAS (45 B S BE 1, % T3 2 AR i3 | J 1 A i
AN ) B RSH N 2 Fras AR SCIRE BT A M 33k RN N A 423k AT BE A GHIT139 , SR IBRE 1 14
LA TC6

= =T
b B memm” || || |
S,
N N N '\
(a) JFUREHESL (b) BUkEE RS,

B1 E74#EREZRLEFHTER

Fig. 1 Structure diagram of the 74° conical pipe joint
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Fig.2 Main dimensions of the outer cone joint
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Fig.3 Structure diagram of the rotary bending fatigue test bench
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Fig.4 Samples after installation (no leakage)
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Fig.5 Samples after testing (leakage)
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Table 1 Test duration when leakage occurs in samples

FEE 4 SRR AR A R R CE T SRR AR P R R
a-8-1 10 h 49 min a-12-1 10 h 17 min
a-8-2 11 h 33 mm 672+22 min a-12-2 9 h 8 min 615+66 min
a-8-3 11 h 14 min a-12-3 11 h 19 min
b-8-1 18 h 24 min b-12-1 20 h 32 min
b-8-2 19 h 33 min 1099+77 min b-12-2 21 h 46 min 1245+56 min
b-8-3 16 h 59 min b-12-3 19 h 57 min
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Fig.6 Two-dimensional axisymmetric mesh of cone region
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Fig.7 Distribution of the contact pressure at the sealing interface along the conical bus
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