% 15% 4551 i 2s T A kR Vol. 15 No.5
2024 4 10 A ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING Oct. 2024

XEHS :1674-8190(2024)05-127-08

SEERMENHERBUYLFEEST BEEHAR

WAEB AR X, RER AR A
(1. P [ MR B BT T 9 8 5 45 4 e B b e B B A SRR &, P 98 710065)
(2. E &R 7 Tk A BRA L, B 412002)

(3. B m LA LR K2 B 5 3 12 Bt , B st 210016)

W OE . BB R S A K LA KRG AR AR AE B3 R, F S B G EE o DU R B
W R A SRR, R A BT I vk 04T B0E (5 BB A X S Al A 53R 2 R AL IR AW
TN o STl R el B AR 0 7 PR S DR ) A R TGS A e B G )RR PR R R, R AT R A BT
2 (XFEM) % 55 7™ B il B8 3 B 3 0 ) 35 DA S0 8 A 5 97 TR b AT BUERF 2, O 07 B0 4 B 25 538 5 il B2 3 56
g BT L o S5 AR BUET TS B B R 80 A 7 B YT R T 1) 35 5 i R A 6 v S B e A i 2 4L
LR — B PR T RET A I HLERL IE B T R TR e A% S g s RSB T S B e Ak 5 R R
KRR BB REEE YR RoT 28 AR A R

FES2ES: V23l XERARIRAD: A

DOI: 10. 16615/]. cnki. 1674-8190. 2024. 05. 13

Research on the influence of high speed labyrinth rubbing on the

initiation and propagation of crack in sealing ring

CHANG lJiaqi', 1.I Huidong®, XIE Wenbo®, MU Qingin', CHEN Yonghui', YANG Weihua®
(1. National Key Laboratory of Strength and Structural Integrity, Aircraft Strength
Research Institute of China, Xi’an 710065, China)
(2. AECC South Industry Co., Ltd., Zhuzhou 412002, China)
(3. College of Energy and Power, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The rubbing of the labyrinth sealing structure is a common problem during the operation of aeroengine air
system. Due to the difficulty in observing the process of crack initiation and propagation on the sealing ring during
actual rubbing, using finite element method for numerical simulation can provide a deeper understanding of the pro-
cess and mechanism of crack initiation and propagation. The sealing ring model with wear grooves after rubbing is
proposed. The surface convective heat transfer coefficient, rubbing force and rubbing temperature of the sealing ring
are considered. The extended finite element method (XFEM) is used to numerically study the temperature field,
stress field, and crack initiation and propagation of the sealing ring. The crack numerical simulation result is com-
pared with the result of rubbing experiment. The results show that the crack initiation and propagation direction ob-
tained from numerical simulation are basically consistent with those obtained from rubbing experiment. The mecha-
nism of crack initiation is revealed, and it is proven that this method can effectively simulate the process of crack ini-
tiation and propagation caused by rubbing.
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Fig.1 Schematic diagram of sealing ring section
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Table 1 Copper alloy material parameters

N

2 HfH S8 HfH
W/ (kgem*) 8 900 Pk /[T (kg-C) '] 377
AL . ol 33/
AL/ GPa 103 [(W-(meC) ] 109
AL 0.3 g/ C 200, 600
LRk R/
(10-5C) 18.17,21. 68
22 A A0 JE IR
Table 2 Yield strength of copper alloy
WE/C JEIRSEE /MPa R/ C Jit e 58 B /M Pa
20 192.0 400 134.3
200 186.0 450 113.0
250 178.0 500 80.3
300 170.0 550 47.0
350 153.7 600 32.3
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Fig.3 Schematic diagram of rubbing area
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Fig.4 Boundary conditions diagram
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Table 3 Calculate operating conditions
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AyH e

WA b m F/N F/N F/N T,./C

T,/C
400 0.1 34.51 15.51 18.93 483.6
400 0.2 43. 80 20.94 25.47 521.0
400 0.3 67.71 29.40 33. 60 566. 2
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Fig. 6 Temperature variation curve of rubbing

process under various conditions (0~10 s)
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Fig. 7 Equivalent force fields under various conditions at /=5 s
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Fig. 8 Stress variation curves under various conditions

2.3 RYHEEETERE

B AR E D,=0. 3 mm B}, 753% T 50 il BE
IR =2, 14 s 20, B 7 20 15 )RS A A 1)
arre it Rl EE RS S B B TR L T R LL
(5K TR 2 2 ) |, H = 2252 B RN 7 BRI 4% 1i)
lf B8 Ao A oy ™ AL il ) A2 B g o Al EE S
T v B0 A TR A i Bl 1] R T AR Ak i £
E 97 o

120
100
80 |-
60

40

17 b /7 /MPa

20

0 L/

0 T
R[]/
19 LT AR 1A BT Al ) 1 ) A2 Ak

Fig.9 Axial stress variation crack initiation grid elements
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Fig. 15 Circumferential crack generated during

rubbing experiment
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