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The Air Tightness Failure Mechanism of the O-ring of the Sunken Mine Device Detonator and the
Improvement Verification of Fluoroether Rubber
WANG Zhen, GAO Jiang-kangcheng, WANG Xing-yu, ZHANG Heng, LIU Chao, WANG Duan
(' School of Environment and Safety Engineering, North University of China, Taiyuan, 030051 )

Abstract: To clarify the intrinsic mechanism behind the frequent occurrence of "hydrostatic test passed but air tightness
failed" during the quality consistency inspection of a specific sunken mine device, this study employed a closed-loop approach
integrating fault tree analysis (FTA), finite element simulation, and verification tests. The results reveal that the root cause of the
failure lies in the inappropriate material selection for the O-ring seal. Specifically, when subjected to an external hydrostatic
pressure of 2.5 MPa, the GX2-50 silicone rubber exhibited an irreversible extrusion displacement of 0.988 mm, exceeding the
safety margin defined by the 3.5 mm width of the sealing groove. After replacing the material with FM-1D fluoroether rubber, the
maximum displacement was reduced to 0.756 mm, remaining entirely within the groove. During the 0.1 MPa air tightness test, no
bubble leakage was observed. For the 10 validation units, regardless of whether the testing sequence followed "hydrostatic-air
tightness" or "air tightness-hydrostatic-re-air tightness" ,the sealing reliability reached 100%. Furthermore, after accelerated aging
at 70 °C for 240 hours, the compression set rate was only 13.8%, meeting the long-term storage requirements specified in GJB
150.9A-2009..
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Fig.1 Structure diagram of a type of sunken mine device
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Fig.3 Fault tree analysis diagram
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Tab.3 Comparison of some performance parameters of two
kinds of rubber compound
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Tab.4 The verification test results of the improved sealing
performance (FM-1D fluoroether rubber O-ring seal)

. . KaEdE R HITR
4 B e i o
o R ER s e
2 7 e o
s 5 5
B 11 1 1 -
oo
I
omes B! 1
wbp ! !
15 1 1
g M1
L
o 113 | | 1
wo PR, 1 1 1
AP )
RSt =
AT 1 1 1
I

A 1 RREIBETE;
AT ARBATIZRE.

M 4 REREFR Y, JGIEIRN ERE, 2RRAEL,
Pl 7K S RIS, TR AR
HATSERPRES o BRI i AR BT 451]

uon ﬁﬂ? %éi“]‘i%gi “_»



48 EIRAF: IS O AU B8 U MR LR S S A e R B i

2026 4E5 11

Tk, SE5SRFAHAREELR, IR R i
PISAT B AR T 8 B il i
3.4 KHAM 7 4 g1

TP bR T L FHTERESD, N LS KA
KA A7 AT FEVE AR GIB 150.9A - 2009 % #5552
RS ABEAI L B8 9 4y 1B, X FM -
1D TR O BRI EH RN iR . X545
P REE 70 °C, HF2EEtT] 240 h, RS IR
R S . FRERRRT B IS RRE S TR | Fifef
PERE R BB, LATEAL I 7 F

ARG ZE AT, BB AE S IR R 4Rk A AR
B, RS HTKAASIER A 13.8%, /N 15%,
TR 2 A EOR

4 ZEip

B X0 BT B AR 2 R S A R
PRI, iz FIRER AT . D5 BT S R A
AR, RGEHTIEIE T e (o Sl iTas
AR BN, UK GX2-50 il 419 O Hiss
BHEIFERSZ 2.5 MPa SMKEJE =AY, JEImEL
R ZER AN, R T R MR FERE

MR REES T4 AT, BEFIBUET iR
BORPLR . AR KA ZEE AR FM-1D Sk R e
BoRRAR R, A BROCOT EARERY], B e e
2.5 MPa #MK T RS T 0.988 mm B2 0.756
mm, A EEENRIEER, A& RIPET
Rk

RISHIEZE R BoR, KA FM - 1D $k5k O #
WEEG, 7S R AR SEH K RIS T
Y, MRS TR PRS2 K R ) LT,
HIREYESF nT SRR U ERE , BB R AR
(7)o 27 NS I 1 B P v 3 P 2 B Z S S ] €2
Bk, Bl 70 °C. 240 h iEE LRI A%

AMFFTHE AR AL 7 S 3P T R h

W TOU N AR B AT EEPE IR, A RZEGOKIME T T
YRR K b s iRt Tl S5 i EoR e 5 1T
PRSI o

S :

(1] i, R, 20, 5 BB RO A e [0 K A,
2019(3):14.

[2] 8 AR = B SR/ N T H T K T8, 2006
(2):17-19.

[3]  FARSENE, FELL A2 B Tk B (4 Pl SR O L o ).
HUAKGRIE, 2008(3):381-385.

[4] GB/T3452.1-2005 W< EhH O BUEE 25—y R
FHNAZS]. duat:AEpREd R, 2005.

[5] SR PN, & S, 5 S 2% D B 2R [0 K T
h,2021(3):16-19.

[6]  BRLMA, BHILL, FsbR, 5.0 R BB Sl B 140
BB HUER - 5HR,2023,42(10):1 745-1 752.

(7] MSC R B €A BRI Bl R 2 e
AYWT I T 2 BGH I T 4,2017(2):15-18.

[8] AT 45 1 BIMIACE: WU LA,

2017.
(9]  PEEHE MU 56 3 MLt LB,
2017.

[10] TSR T, 35 Pel ., 5 AT R BRI T[],
- HE,2024(7):1-10.

(1] T DL 2RI IR, A5 AR L FE2H 5 A
] AFFIAR IR 4,2024,45 (6):45-50.

[12] Xu X, Jia J, Li W, et al. Molecular dynamics simulation of
fluorocarbon and silicone rubber under compression stress[J].
Computational Materials Science, 2020, 171: 109 227.

[13] FRACE 5K, B R AF SRR O TR BRI ik
PRSI AR 5%2,2024,50(2):58-61.

[14] GIB150.9A-2009, ZFEFR%EASCREIMRIRT A 55 9 &6
b MHRIRIR{S]. Jbntrb ARSI A R R,2000.



	1  某型沉雷器结构与密封性要求
	2  故障分析
	3  改进措施与验证
	4  结论

