%R # 4 B

'/

2022 FE20%

M= & HHLE AGEE

R, HEH,E

H}

SKEUFR

R AE AT R IR

(e A2 v 7 Tl AT BRA B IR Bk 412002)

782 AT S A AL R B FEAE A 25 & S AL v 32 B AT A9 SR80 (M5 FX—17) FURBEAR e (5
FM-1) 16 &5l T B2 A 5 i o I BT JE 2 307 07 A 400 T 406 7Kk A28 I P R A6 55 28 fR T I A 56 2%, gl or
TEN AR T B2 AL 3 J1 275 5, Al D0 PRI AGUR e 4 T B A A i o IR 25 SR B B0 B R SC R A

FHOGPE o FRUBE AR I HE A B [ A7 50 9 T8 A8 LR 5 A T ARG

SKHEIR - WUARIE s SBEARIE s Ak s AT 5 i s IR A BTG 5 & Ak 3l 1 22 A
M EHES:2095-5448(2022) 07-0322-04
DOI:10.12137/j. issn. 2095-5448.2022. 07. 0322

R E 4 %S :TQ333.93;TQ330.174
NEkARER A

RN N R NS AN T EA L e
24 AR Tl R T T A R R OB
B, FEMTEHA EHm BUES. BB
B0 R R 0 Bk B )z, LR AE
200 C FRKMITAE, 4250 C R mfia] TAE, 760t
23 R AT P J 22 (AR S ik v e B
PRI EAE—E A Brrh AR, B3 SR E <
oh B BRI T AR O R 0 A A T S B0 R
B L, BEE R 0 KR, B L2 K S AL
X G A B il B 25 G R A T i
K, BT LA T SRR I 1 oo Tl Mk RE R AT 4 T
T, LU R i ZS & sh HUAR A ek 1 3 780 0 2
)R BT B AR
e AR ERERENELBE DA
40%~ 60% AR AT BHA O, i K J& T
BRI AL L . LIS PR BE R AR 1k
L AR N A R & R AR G,
Hop MR AR EE R I, N, SR
IR TR R AL P BE HE AT BF ST, EAS HLAl 5 A
B CHLA B R (R RIT R A H BN E
FEBMEA K€ (1970—) , 5, WIRG BRI, i B AL 1 7 T
T WA 7 4 TR , 2, 5 MR B bRk R 55 0

FTAE
E-mail: 1239356820@qq. com

- 322 -

OSIDFF A FAFIRE
(B 51EEZR)

P B B zs K S HLHAR ) I 7
i 32 BEAR G AR AR R e BT X, RS AN
() A4 Rk B R 2y A [ 4 A 2 A 1, LR
2016 B A [ RS AR A AN [R) IR L A o e 2
PEE T B 4

A TARLE S AR B B 52 Pr T 00, F 58
GBI SR AR 1) & AR B0, 73 BT s il T AR A
sty PR s 246 7K A 738 T B IS 1) 1) 78 1 (RIVER 25 < 4k
) O R BT A8 e 23 B L R K A
FE A% B AE A 5 N 1) R 1956 2%, 45 AR fn
FET T WA A5, O 1 75 A s A
N A TE BT S A S L IAR B A R 4R 1A Ak
A o

1 XI§
1.1 FE##

FARME , W FX-17 5 MG , 5 FM-1, h
L & b 5 28 ARV BE 7 i o
1.2 FEFEMMNE

LRO16% Z AL I0 A , 5 PRI U0 {25 A7 PR
N s e B ULIET ) 5 I RAY, 5 11 T b
BRI AT FRA 777 .
1.3 Mk A&E

(D) MHEGB/T 7759. 1—201 5 Tifb i i mi



5% 7

=i - 155 RN

Bl EHAALEHABEMAERR
IBPERRE T4 K A ZZTE DN E 55 188 53« 2
Fer AR )1 HEA AR A i 7 o U A 2 T 2R
DA /N S A s ) T
(2) #FEGIB 92. 2—1986 #z=  Z AL IE I
BRALAR I AE PR RE S 0 58 3 4 e at o i )1
AR 2 0 I R e A T A

2 #ER5iTE
2.1 HBERSH
HRAE GIB 92. 2—1986 , PEHUHE By 4l
P=Ae™ (1)
Aorp, P PERE AR AL R AR, X0 48 7k AR TP M g

M5, P=1—¢,e NERAKAZILE %A,
d; KN SIRER KR W5, d s AN w
BB IEREL

Frie e S A fRan
K = Ze ©/% (2)
InK = InZ— £ (3)
RT

Lo, ZE AT, d S E N FRTEALRE,T « mol '
RASAREEL,T « K« mol s THAEXHEE K,
FIH (1) X R 48 7 A AR B FLE AL I ) k1 7
B, 2 Q) M EIKS TH SC R, RS —
T KA ARAS (D) 1520 A A1
2.2 oBUEMRE
MR 3f 2 4 43 B ) 45 1 0T LA A2, AR e
FX-17 1 480 Bk A2 e FM- 1 K 390 i #4885 1 o s
T R250 Co BEERAANZALIREE , 23518250,
200, 180F1160 C , £ x4/ Tk B2 F IR (19 F 4
KA, 5 R ME R

F1 TEZULEETERNERKAELR

EALIE R4 K A TEIE /Y

R it b LALIR B/ C
1d 2d 4d 7d 14 d 28d 56d 112d 2244
FAILFX-17 250 46 55 65 73 82 94
200 5 8 11 15 23 32 45 63
180 17 21 27 37 46 57
160 12 18 22 25 33 42 52 62
SRR FM -1 250 29 39 53 69
200 11 15 22 29 44 64
180 10 12 16 21 29 39 57
160 5 8 10 12 17 21 29 38 51
K FH B WK 8 3T 1 22800 7 o, 18 T ) UE T o 0
AbF 0~ 13 ] N IR 1 2 /NECS SR W2 B 7 (8
VGRS RO B \
= Z?:OZ'/LO(PI'/ - [3;7)2 (4) % &
o, P B Ay ) R SR A ARG IR R, S - .
I P B AR A8 B i B0 (B AN R 27
2 TH A, AT B E R I FX- 17 F0 R kAR
FM-114aBUE S 51200, 52F10. 80, -3 L ! ‘
0 5 10 15 20

2.3 MEITE
2.3.1 #EBKFX-17

Xt (1) #7254k, A X=1“, Y=InP,a=InA,
b=—K,WY=a+bX, FAEKFX-17M1InP5 " &
RAE2FTR .

o

FALEE/C . m—250; @—200; A—180; V-—160,
B2 @SB FX-17TMIn P51 £ &

AT E AR HE 5 T AR B 25 2 AR T Wa, b,

KA (r) , INZR2T7R o

- 323 -



E3 &EBKRFX-17THMInK51/ TELEER
BERG AKX
Ink = 80270 - 43837 ()
M AE R 28 C R, 3 AR BIK =
7.977X 10", ¥4, KFaUEAC A (1) 7] 75
P =0.947 9™ (6)
Rl 8 A — B SR AR AR R R R BE R AN K
T10%. MPH0. OfF, AT T349I IR FX-175E
TE28 CAMTIAES. 34F,
2.3.2 #IEBHRFM-1
FHAR [ B 77 36 6] SR AR B FM - LiE AT 4065 1
B InP5 LR WMEAFTR . BAEA S  THEA
FN AR B FM - 1A THE 0. 913 5,
XInK 51/ TilkAT &G, WWEIS,
RS ALH
7010.8

InK = 119481 — (7)
M AR A28 CHE, A HIK=1.198 2 X

107,

+ 324 -

%% B X By 2022 5220 %
R2 EHBRFX-1TEARARZLEETHINEGSH 0
EAbHEEE/C a b K r
250 —0.05879 —0.466 60 0.466 60 —0.9890 -0.5F
200 0.00428 —0.21580 0.21580 —0.9998 S
180 —0.08259 —0.13840 0.13840 —0.996 8 S 1of
160 —0.12320 —0.07341 0.07341 —0.9995
F g 229 iR o fl W] 454 2 AR TR B SR 250, 15k
220, 18041160 ‘CHY= (1) FAYA45 51 40. 942 9,
0.995 7,0.920 7F10. 884 1, 33155 15 5| 44 e h m 55 m m %
FX-170 AR THE 0. 947 9. P
[ 20T )5 % HnK 51/ THEFT P4, 45 51 00 S/ C . M—250; ®—200; A—180.
413, E4  SESEFM-11In P51 % %
05 -1.0
“10 i -15t
720 |
-1.5+ -
e 25t
-2.0 - = =
,3.0 |-
_2'5 =
L] 735 [
-3.0 ! ! ! | -4.0 | | ! I
0.0019 0.0020 0.0021 0.0022 0.0023 0.0024 0.0018 0.0019 0.0020 0.0021 0.0022 0.0023
1/T 1/T

E5 WEMEERFM-1MInK51/ TEEME %R
Ko, KRodEARAK (1) 1453
P =009135¢e"10" (8)
2P0, O, AT TR H IR EAR I FM - 1 RE7E
28 CAMTIAT20. 145,

3 g

HY 7 i AR S 1% 50 HI Ak B 25 2R AT LA
IR 45 BB A B R O R R A M. R
B FX-17 F1 ik A2 B FM-1 /Y R 46 7k A 72
T 1 BE A2 b 5 & Ak B 18] 09 2 g 2% 07 & 4 5l ok
P = 0.9479e™™ 1" Hl P = 0.913 520 2
W AFPA0. 9, AR IKFX-17RETE28 'C R IT”
FE8. 34, M KR IRFM -1 fiE7E28 C R IF77720. 1
AE. TEAHIF SR, FUBEAR M- 1A E A7 15 (] Fb
FARIEFX 172K, 1t BH JU R AR S 76 K Bk ) I A7 17
LT REA EAF I AR RRR

s S A TR AR 5T IR X6 25 4 1T
PER P = MR I e A B L, @RI



5% 7

=it - 55 RN

AR B Z5 i LI ASE T 540 T, i HG RE - B
R R LB A0 5 i, I 5 A BT il O F &
JEJEHO

v

SE k-

(1] XU, 2, 43, 2. T AR B4 4 A AR 495 4 P RE G AR
FEL). & TR AL S BT, 2020,49 (6) < 1-3.

(2] W%, X SCHl, 2, 4. TGO 2 B el i i 2 & ZhpLi il
PEREMBIFEI. AR Tl ,2022,69 (1) :50-54.

[3] WU J, DONG J, WANG Y, et al. Thermal oxidation ageing effects
on silicone rubber sealing performance[J]. Polymer Degradation and
Stability,2017,135:43-53.

[4] WANG H, ZHANG H, ZHANG J, et al. Improving tribological
performance of fluoroether rubber composites by ionic liquid
modified graphene[J]. Composites Science and Technology, 2019,
170:109-115.

[5] HE L, ZHANG R, ZHANG D, et al. Characteristics and kinetics
of thermal degradation of fluoroether rubber[J]. Journal of
Macromolecular Science Part B,2018,57 (6) :437-446.

[6] WANG Q L, PELJ K, LI G, et al. Accelerated aging behaviors and
mechanism of fluoroelastomer in lubricating oil medium[J]. Chinese
Journal of Polymer Science,2020,38:853-866.

(7] XUSE, . AR AR AT S FELT]. ML TR R, 2020,
44(9) :1-10,71.

(8] BTy, R 15k, (RIRPRIE T 2 L AT RMASE R E R IE [T,

SRR, 2020,48 (1) : 71-74.

[9] ZHOU J, YAO J, HU H H, et al. Accelerated aging life evaluation
method of silicone rubber based on segmented nonlinear Arrhenius
model[J]. Materials Research Innovations,2015. DOI: 10. 1179/1432
891714z. 0000000001207.

(101 SRR, 4, F5 ORER. AN RPN R A A 22 L2 AT L], 26

BERE N HERIAT4E4,2019,37 (5) :44-58.

[11] FANG Y Z,ZHANG H L. High-temperature fatigue life prediction
method for rubber bushing of new-energy vehicles based on
modified fatigue damage theory[J]. Materials Research Express,
2020. DOIL:10. 1088/2053-1591/ab6c93.

[12] LIU Q, SHI W, CHEN Z, et al. Rubber accelerated ageing
life prediction by Peck model considering initial hardness
influence[J]. Polymer Testing, 2019, 80.DOI: 10.1016/
j- polymertesting. 2019. 106132.

(131 ol e, YU, S0 T oAb AR 0 2 1 e Y i o
0], WE ) 5 %E,2018,38(12) : 78-83.

[14] SRIGEZE, 558 g , BRIURE , . USRS R B T 5 77
PPN LI]. 3e4 BT TR, 2012,9 (4) :35-38.

(151 A=A S5l it n A B R 22 B4 2 AL A e A MR
JBE R4 ARG B SE S5 18 53« 765 M i AR R R - GB/T
7759. 1—2015[S]. Jb5T: H bR IfEH A, 2015,

[16] A Tl AR VL FHAR I Toll i SO AT . $vas AR S E A AR
JREIEAFPERE S0 56 — 953 5E 1177125 : GIB 92. 2—1986[S]. bt :
Hh B R 1986.

We#s B HA:2022-02-15

Study on Hot Air Aging of Rubber Commonly Used in Aeroengine

OUYANG Fei,HUANG Xueping, WU Tao,LIN Qihui,HE Feide
(AECC South Industry Co. ,Ltd,Zhuzhou 412002, China)

Abstract: The aging life of fluororubber (FX-17 ) and fluoroether rubber (FM-1) mainly used in
aeroengines at high temperature was studied by using hot air aging theory. The Arrhenius equation was used
to fit the relationship between the change of compression set and aging time, and the aging kinetic equation at
storage temperature was established to estimate the storage life of the two rubbers at room temperature. The
test results had a good linear relationship and correlation. Fluoroether rubber had better deformation retention
rate under long—term storage than that of fluororubber.

Key words: fluororubber; fluoroether rubber;aging; storage life;compression set; aging kinetic equation
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