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ABSTRACT: The work aims to evaluate the storage life of fluorine rubber seal rings and solve the problems that is difficult to
be determined in evaluation. An arc model was used to analyze the performance of the compression permanent deformation of
the fluorine rubber O-ring with @17.5mmx2.4mm in the process of high temperature accelerated test with accelerated aging
time, determine the initial value of the performance parameters of the fluorine rubber seal ring, and transform the performance
test data. The binomial data of arc radius and aging time were fitted by the least square method, and the mathematical relation

between arc radius and aging time at a certain acceleration temperature was obtained. Then, the velocity constant of any aging
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time was calculated, and the storage life of the fluorine rubber seal ring under the standard storage temperature was extrapolated

based on the Arrhenius model. A high temperature accelerated aging test was designed under 5 stress conditions to obtain per-

formance degradation data and verify the data processing method proposed in this paper. Through the processing of the test data,

the longest life of the fluorine rubber seal ring was 32.2 years based on the arc model, and the storage life is closer to the design

requirement of 25 years. In conclusion, based on the arc model, regularly degraded data can be analyzed and processed. It avoids

the process of solving the empirical multiple approximations in traditional data processing, and has high engineering application

value.
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Fig.1 Data processing method based on arc model
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Fig.2 Degradation data of fluorine rubber sealing
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Fig.3 Radius of arc at each acceleration temperature

M3 T, BEREAR - Bl AT ] ¢ 2 3055
SRS, Forp s R, BN - R
Pl , AR EALmEE] AT, 180 °C By BN/ o
A /D e ik AT B4R 59 — I, 15 5045
IR T AP RE IR AL T R AT SC R B, IR 1.

®1 EMERETHEMFETEAR

Tab.1 Calculation formula of arc radius at each acceleration

temperature
AR 4% I 3

TN IR R/ C N XERER?

BHRE . 88 T REH

140 7=1.191 3°496.97t-608.06 0.998 3

150 7=1.017 8/2+93.951-609.97 0.997 9

160 7=0.860 3£°+77.24¢t-395.54 0.999 4

170 7=0.722 6*+72.661-362.92 0.999 4

180 r=0.531 7£44+56.75t-171.70 0.999 6
IR 1 hAR, B2 140, 150, 160, 170 C

LR IR B R Rl 294 do ¥ 294 d BN E
AL AW W S P E XIS B7 8 15 0 U vA: S A
1 r B REIR LAY | i e EE ST A5 T R R AR
TR B AR TR A i M RE IR A 7 AR L 2,



- 80 - * AN E TR 2024 47 A
®2 EmMERETHERRLARE Wl ERTrRE, MR/ Sk AT BRI S
Tab.2 Performance dggradation equation at each A% 15 3] 35 5 5 80 InK S5 hn s iELRE 1/T 22 0a) i ek Be
acceleration temperature N " N N s N
TR T R, MEXRECE AN 0.968 0, 2R EAHCE
s - — BOR, RBOCHR LS (10),
140 y=-130 410.55-+/130 410.55" -7 InK=1.977 3-3 352.7/T (10)
150 y=-114 273.06—+/114 273.06* - ¢* MR L IREE LG L R, e BB 42 2 5 B s A ()
Y T N o h S, -
160 y=-96 018.89—+/96 018.89* —¢* iﬁ@iﬁgiﬁ“m&?%?MdMME%%ﬁ%
J&, AR BV B OE RE N 0.29 eV o
170 y=-82872.74—~/82 872.74* - ) )
_— 3.23 WEHEAME
180 y=-40311.42-~40 311.42° —¢

M 2 PR REIR L7 A2, RE A FA IR A5 5E AL 294 d
AR 2 AR5, AT BAT S0 0 A 1) 45 i
T AR K AL y BEINEE AL E] ¢ A9 PEREIR 1L
M, 25 IR AT ], BERSAS 2 XN A FE 4 K A
AT T EL

3.2.2 MEEREEIE AL IR

AR e P B E AR IR — B 25 °C, AR
AR Nk 294 d irEREIR (L R, TEAE]
3 B 1) Dk 2 380 i o AR TR BB A 45 n e iR
JE (R PR, 4 im sk R 7 3 LA BRI A7 7 B AT 465
R MEN AFIRE T ORI A7 F 4y TR R 3,

®3 BEMTFRETHINES®

Tab.3 Storage life at reference storage temperature

XoF 2% fin R B PR RE R AL BRI TR R RS Jin i I AERA Jnik i I
143 BIAT: 7 2 AR I TR] 0T 107 1 328 188 6 5, AR I BT 42 e 2 37 R/ °C F#fwld P #fi/a
2 B 0 ) 4 7 57 BT 2 I 140 618 229 27
W B AR SO P AR 5 T 52 R 204 d T 130 391 278 28
RIS F B PEREIE (k7 8, A5 R R LR 1T o s . o
y L\b\ ~ 5 7z 0 M2 Ay - f N s 4\ . . .
SRR LR AT InK 23R, A1 4 BT o e o
-5.0
s R 3 FFELRATE, XTI EAR I B
' Bl , R A n s 2 A e 5 0 DAk 45 0 7 7 i )
M‘“‘ \\\ X[ 22.7~32.2 ao AHHLARGETT 125 Y 48.3 a U717
g 56r . FFarasie, DLW AFEGHmE e S RITIEREK 25a
58 Te FONBET, TR EREEZ,
60 f T 3.3 HUBAMEREE S
6302 15 0:002.2 0.00225 00023 0,002 35 0.0024 0.00245 B X 158 SIS Y ) FHOIORS B A7 o A, B 7
%m* P BROAER R BT AT T 0 YL, AT RAA)
—1 IR 5 s, # ST % hpil
Fig.4 Relationship between velocity constant and o ' ’ n }\ He ’ IR KR
acceleration temperature HATRE BEVEMY, PEANSS SR LR 4.
x4 HELEBENESH
Tab.4 Comparative analysis of data processing accuracy
nEEEC RS PR AR R IR A T e 22 /% 1 eI R T AR 2 /%
140 0.668 6 0.678 8 0.671 8 1.53 0.48
150 0.621 8 0.642 0 0.602 6 3.25 3.09
160 0.549 9 0.5759 0.528 8 4.73 3.84
170 0.478 5 0.505 7 0.468 3 5.68 2.13
180 0.353 8 0.392 6 0.333 5 10.97 5.74

HRAE % 4 TN, 30 3k (5] SIS R0 2 H 174 SF- 24 T 000
FERZE N 5.23%, LGeit oA 7 22 ) F- X5 RS B
22N 3.05%. Wit DL b FoRS B 22 Xt o8, 15
SIASE 76 (18 SF- $57 F30 DRSO 25 S AR FAE SR 4 5 K

THEAR, EASE TR nT 152 AT R A o 7 i Ak 2
WAL, RS ALEE S T 20 o T R,
EGR T 28 0 RO B E 1o A A R AR A A X AU
BRZEWRI, ol P —B T AL T A Sk,



F218% £71H

R, S BT ORI 14 SRR 4 Pl i 2 A i 6 Kl Ak BT vk - 81 -

L3 i AR A e S B A B 5 T A — g (B
4 giE

PR SO T (B 9IS B S AR i 4 e Rl i 2 A 18
BRI EAT T AT AL B, 45 1 RO RESN I TR
WHIHEBON I, RER R TR SEPR(l ] o 8 SEBR
KR AL BRI T , 2% AR 5 2 Pl 1) - 24 TR 2 2k 21
90% LA L, SMESEHEN Al B 1) DRI A7 2R 305 il 4
th 32.2 a WA IPAL 518 o 455 S PRkt ab B R 7y
Pk, T IR RS BE RS R4 T A LA B AL R 19 73
Prab B, Ak AR AR Gk B TR R T
R E AT 52 | R PP SA S B SR A, B IR Y
TEfERAFTEPERER AL RIS AL T, A —E By A%
JSE R T3 o A S 4 E 1B P S wfl L 5 P g R
ARSI O , RERGHEATAH SRR AL BE I 45 1 9% fiE
LRI ARG TF 418 o

S5 WK
[1] & SEEAAEGREABEM] deat: PETmH
fifttt, 2013.

MENG T. Introduction to Missile Storage Life Extension
Technology[M]. Beijing: China Aerospace Press, 2013.

2] e, £, #izte, 5 BRIECR I SHR).
A AR T, 2021, 44(4): 330-334.

JIAO J Y, WANG H, HUANG Y H, et al. A Review on
Thermal-Oxidative Aging of Rubber[J]. China Synthetic
Rubber Industry, 2021, 44(4): 330-334.

31 FE4kE:, #besE. BRI AL et T A i
HERT]. AR, 2022(2): 17-24.

GUO QR, SHAO H F. Progress in Aging Mechanism and
Behavior of Rubbers[J]. Polymer Bulletin, 2022(2):
17-24.

[4] LIUQ B, SHI W K, CHEN Z Y, et al. Rubber Acceler-
ated Ageing Life Prediction by Peck Model Considering
Initial Hardness Influence[J]. Polymer Testing, 2019, 80:
106132.

(51  WOBES, INERAS, XIaie, 55, SURERR S 1 Rt i1
REWFFEI]. A B RE AL S R, 2020, 49(4): 1-4.
GENG X L, SUN X R, LIU J L, et al. Study on the Aging
and Storage Properties of the Fluorosilicone Rubber[J].
Synthetic Materials Aging and Application, 2020, 49(4):
1-4.

(6]  THMLI, EHaHE, XU, A FEAUR A FREAS R R el
A A 5 R PG )], A IR TR, 2022,
19(6): 52-58.
PU Y B, WANG Y Y, LIU W, et al. Thermal Oxygen
Aging Test and Life Evaluation of Silicone Rubber Seal
Ring for a Certain Type of Equipment[J]. Equipment En-
vironmental Engineering, 2022, 19(6): 52-58.

[71  fEE8, SKEZE, TRMSH. F108 SRR M ELsZm R

[11]

[12]

[13]

[15]

R AT &M TR, 2021, 18(2): 115-119.
FAN S F, ZHANG X J, XING P T. Double Factor Vari-
F108
Fluororubber[J]. Equipment Environmental Engineering,
2021, 18(2): 115-119.

JdE, T, BEl mE ek R AR
BRI A A A I TER PERF T [T]. AR IR TR,
2014, 31(3): 287-291.

ZHOU X, DING X J, WEI W. Accuracy on Evaluation of
Natural Storage Life of Rubbery Sealing Materials by
Using Accelerated Life Method[J]. Spacecraft Environ-
ment Engineering, 2014, 31(3): 287-291.

EA AL TS, AR R L) Ik
ZAIAES: GB/T 24135—2009[S]. dtat: HrEbRfEH R
*t, 2010.

China Petroleum and Chemical Industry Federation.

ance Analysis of Hygrothermal Aging for

Rubber-or Plastics-Coated Fabrics—Accelerated-Ageing
Tests: GB/T 24135—2009(S]. Beijing: Standards Press of
China, 2010.

£ [E R AR St AR T LR R 22 5% 23 1 i 204
R 2 Gy FE BRI R I AT JTPR I T 1
HG/T 3087—2001[S]. JaFH: 74 ILAg e 8k 58 i 31
B, 2001.

National Rubber and Rubber Products Standardization
Technical Committee Sealing Products Technical Com-
mittee. Method of Accelerated Determination for
Shelf-Life of Rubber Static Sealing Parts: HG/T
3087—2001[S]. Xianyang: Northwest Rubber and Plastic
Research and Design Institute, 2001.

Hih. FEHA] O BUARIREE BB E R L8R AT 5E[D].
R AL R RUETOR, 2014,

XIAO K. Experimental Study on Accelerated Degrada-
tion of O-Shaped Rubber Sealing Ring for a Missile[D].
Nanjing: Nanjing University of Science and Technology,
2014.

BRFHTE, BERHE, Rk, % M Ko pLw AR #4
22 EAIITENT]. BRI, 2022, 20(7): 322-325.
OUYANG F, HUANG X P, WU T, et al. Study on Hot
Air Aging of Rubber Commonly Used in Aeroengine[J].
Rubber Science and Technology, 2022, 20(7): 322-325.
EHeHE, ZERIEE, BOTH, A BETIRER vh e
HI%E O RGBS E B 3 A iPA O i 0], SR PR T AR,
2023,20(1): 1-7.

WANG Y Y, QIN C X, ZHAO F C, et al. Life Evaluation
Method of O-Type Rubber Seal Ring Based on Cyclic
Impact Acceleration Test[J]. Equipment Environmental
Engineering, 2023, 20(1): 1-7.

PINHE K. o T LU IR A V8 R G 1 | R LB
ZAFFRHISED]. )M AERELTRA, 2020.

SUN Y F. Study on Failure Mechanism and Aging Life of
Inlet Sealing Ring in Internal Cooling System of High
Pressure Once-Through Valve[D]. Guangzhou: South
China University of Technology, 2020.

B, AR TR, SEELT, 45, HET Arrhenius BRI



.82

2024 47 A

[17]

BV TR SR B el A5 A PP D], 825618, 2022,
55(3): 59-66.

LIAO S S, HE D S, QIN K N, et al. Life Evaluation of
Rubber Sealing Ring for Oil-Immersed Transformer
Based on Arrhenius Model[J]. Insulating Materials, 2022,
55(3): 59-66.

IR K H T 7 A PEAG (9] % A BREE TR, 2023,
20(4): 40-47.

WU Y Z, L1J, LI CF, et al. Performance Attenuation
Model and Calendar Life Evaluation for Rubber Seal
Ring of Main Reducer[J]. Equipment Environmental En-
gineering, 2023, 20(4): 40-47.

WerERT, BoXUE, i, 5. J2T Arrhenius Jr PR fR
PR A Y A5 A I BFSE[0]. Bk T2, 2023, 46(2):
100-105.

YAO H Q, DUAN F H, XU S R, et al. Life Prediction of
Packer Rubber Based on Arrhenius Equation[J]. Drilling
& Production Technology, 2023, 46(2): 100-105.

@, R, AR, % FAEFAYLEEE SR
WEECEANLB T[] A F IR TR, 2020, 17(6):
95-100.

LIJ, WUY Z, SHI J D, et al. Aging Mechanism of Rub-
ber Seal Ring in Helicopter Main Reducer[J]. Equipment
Environmental Engineering, 2020, 17(6): 95-100.

TS, Sk, I, & MR BAR
WA A B AR R[], FRIM R T2, 2022, 52(1):
22-29.

WANG S H, ZHANG C, CAO Z C, et al. Research Pro-
gress in Storage Life Evaluation of Aerospace Rubber
Sealing Materials and Products[J]. Aerospace Materials &
Technology, 2022, 52(1): 22-29.

HRE, A, BRI, SF. L TEREIR ML BIR AL 1Y)
Jn e 5 il g B A O 0] A S R,

[21]

[22]

2020(3): 64-69.

CAO ZS,LIZL, LU B H, et al. Based on Degradation
Circle Model for Calculating Accelerated Life Test Da-
ta[J]. Solid Missile Technology, 2020(3): 64-69.

sRARAE, RERAR, PRE. A arid e R LA D). Se
T24R, 2004, 25(4): 485-490.

ZHANG C H, WEN X S, CHEN X. A Comprehensive
Review of Accelerated Life Testing[J]. Acta Armamen-
tarii, 2004, 25(4): 485-490.

S, EWR, BIFSE. I A R K A S
PR 8 BV A7 A7 5T 0], e s PRI TR, 2023,
20(10): 77-83.

WU D, WANG Y R, HU Y M. Storage Life of Sili-
cone-Rubber Sealing Ring for Solid Rocket Motor Based
on Storage Condition[J]. Equipment Environmental En-
gineering, 2023, 20(10): 77-83.

MARS W V, FATEMI A. Factors that Affect the Fatigue
Life of Rubber: A Literature Survey[J]. Rubber Chemistry
and Technology, 2004, 77(3): 391-412.

MARS W V, FATEMI A. Multiaxial Fatigue of Rubber:
Part II: Experimental Observations and Life Predic-
tions[J]. Fatigue & Fracture of Engineering Materials &
Structures, 2005, 28(6): 523-538.

MARK J E, ERMAN B. Science and Technology of
Rubber[M]. New York: Academic Press, 2005.

HUNEAU B, MASQUELIER I, MARCO Y, et al. Fa-
tigue Crack Initiation in a Carbon Black—Filled Natural
Rubber[J]. Rubber Chemistry and Technology, 2016,
89(1): 126-141.

TR, fEWRYE, T ARBPIRLEE 57 73 i i e P 2 Sk
FETELR[T]. BTk, 2020, 67(10): 723-735.
WANG H, WEI' Y T, WANG J. Influencing Factors and
Research Methods of Rubber Material Fatigue Life[J].
China Rubber Industry, 2020, 67(10): 723-735.



