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Tension—tension Fatigue Behavior of C/SiC Composite Fasteners
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(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

Abstract In order to investigate the tension—tension fatigue behavior of C/SiC composite fasteners, the fatigue
life under different stress levels was obtained when the stress ratio was 0. 1 and the loading frequency was 10 Hz.
Using the fracture analysis and microstructure observation method, the meso—mechanism of fatigue failure of C/SiC
composite fasteners was also analyzed. The results indicate that there are two types of failure modes for the tension—
tension fatigue behavior including thread breaking and thread pulling off. An empirical two—parameter power
exponent form of formula characterizing the fatigue life is proposed, and fatigue life for the two failure modes are
similar. The fatigue limit for C/SiC composite fasteners is 65% to 70% of tensile strength, which means that if the

maximum fatigue stress is more than 70% o, , the damage of C/SiC composite significantly increases with cyclic

max ?

number.
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Tab.1 Fatigue behavior experimental parameters for
C/SiC composite materials from literature
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Fig. 1  Structural illustration of C/SiC composite fasteners
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Tab.2 Tensile experiment parameters for C/SiC
composite fasteners
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Tab.3 Fatigue experiment parameters for C/SiC
composite fasteners

GRS oo, a/MPa TEIJE IR RAOE
4 0.6 127 >5184000 RRZL
5% 0.6 127 >4861000 RRRU
6* 0.6 127 883033 P
74 0.6 127 146159 Al
8 0.6 127 >1728000 P
9* 0.7 148 >8393745 N
10* 0.7 148 1383201 Al
11# 0.7 148 132970 Al
12¢ 0.75 159 >1751954 KRR
13* 0.75 159 >1728000 KRR
14% 0.75 159 34499 Al
15% 0.8 170 612222 Al
16 0.8 170 65202 )
17# 0.8 170 20914 Al
18* 0.8 170 15570 Al
19¢ 0.8 170 11137 Al
20# 0.8 170 6770 A
21* 0.85 180 >952439 RIERL
20# 0.85 180 207086 A
23# 0.85 180 2900 BLIT
24# 0.9 191 >200000 RRRL
254 0.9 191 22690 Pz
26" 0.9 191 8591 Al
27# 0.9 191 2871 Al
28 0.95 201 6735 P b
29% 0.95 201 1543 Eall
30¢ 0.95 201 370 Al

2 HERREIE
2.1 ZXEHHLHRE

34 M10 5 [ H A 38 fer 2 B Hh Ze 18] 2 (a) BT
7N, AT LLE B, 344 C/SIC & A bRk 5 [ 4 2k fay — 37 7%
M ZAH L, 7R B8 B A T R R LM BT
BT E R KAE S T SR A SR T R (] e AR W
FHMB T2 hitp://www.yhclgy.com  20204F 4531

AN — B, X 24 1) il R AT oy, 5 30 1 il £
R FERANE 2(b) iR, Kb F i, s A
B ME2() R EF, (75 0~0. 1 mm BBt (BB 1)
KIRIER INER Y B, T URET SRR (R DL IR ET S
TR Z M AAAERC A (B BR, 7R3 B Bz ik 5, IR i
BB R AR E , W ELA K BB B . B A s 1
K AENLFS 0. 1~1 mm By BE (BB 1) il 42 #3352
TE R} PR B R K, SR BHIRET & & AR
LR UL KRB SRR . 7E 1~1. 4 mm By
Br(prB D), ih R pbR AR AR H A N R, 3R
BAEZ B BObE BT AE R SRR T 2 24 i
W A YEWT R G, B B LRI B L FE S 2
1 mm B3 TR S 29 R 1. 4 mm BB,
K L, C/SiC & A A4 i 25 100473 Wk BRI A8 107 Ay W 284
NEAR 2 T0% . AR & [ A 8 (B F RN 32 2200

F/kN

00 02 04 06 08 10 12 14 16

s /mm
(a)  #far-iML

14

124

104

dF/ds

I il i

00 02 04 06 08 10 12 14 16

s/mm
(b)  dF/ds £k
B2 M0 % [ S A iy — (8% e L ARPR AL AL 34
Fig. 2  Typical force-displacement curves and the gradient of
F-s curves for M10 fasteners
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Fig. 4 S—N curves of C/SiC composite fasteners under tension—

tension fatigue loading
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Fig. 5 Fitting results of fatigue performance of C/SiC

composite fasteners
P, BAID AE AR 2 H . AR (2) X6 4L
PEIEATAUS , PRI PRI X B0 57 77 i i
W4, WFEAFRTLIE S, XA PR AFE
TR, H 55 A e AR D), A5 B SRR W
B 255 . PRMAE S SR, AN I R 3 P 5
REBOEXHATIX o H5 7 SO 57 B BRX AR R
10°, AR5 (2) B3 4, P AL I PR 9% 55 1 BRI 304%
#I24 140~150 MPa, A HLH5EE (1 65%~70%
x4 HERTMEHEATEX TES FaEE
Tab. 4 Fatigue life model for thread breaking and

thread pulling off
RBIE B b
L 210 -0.027
P 215 -0.024

I TR 5 C/SIC 2 A MRS A F S  0
WBRARM) & o X IR E AR A 7 (<140 MPa) T,
AR AN 7 A T Sk 453 40, 30 AR 150 6T g 9 5 1h &
B FFATIX o SRR I 55 I et AR 1Y) 70%
NP S EHAE R T A B B 45400, B 06 P R B
B, 214 A ] A JEARAN T 2 5 2 2 A o] L A
JS I & BN BRI 1B 2R A i), £ R AR, iX
Tl R I 57 1 e (1) h F5 i X 5 R K9 57 Iy B
K, HECEIERAEY T 2B, 5 55T AR AL
A 108 10° E= 9, HWr 298 XL TR H WL
2.3 EEHIRYHIE

XF C/SiC 52 B4 RE B8 [ 4 W7 11 TR 350 4R TIE WL 458
U, KR 5 1 5, SRET AT A B A T IRIE —
355 — T SR SAb , W U 35 BRSO A1, B
G CITY N R O E A L TEATTI=IN - S AR 0] T VA=

FHAE T2 hip://www.yhelgy.com  20204F 45 384



W2 55 W AR R, BT 11 B AT 30015 0 5 W T AR AL, {HL
HRKRXBIE T RIGERFEEAR . TR
PR R /N T AR RECE T RE R 1t
T T AL X 5 DA S 4H, R AL R R 5 T 37 i 224
T R R — WA T A A I8k I DR 28 DRIt
TETAF X552 A LA , = 1) 21 ZE T 145 xy [7] 21 ZE BB 11 2 [8]
14 i BE 22 B0 o X TR 55 T 5, MR IR AR S RS
SHRELE Y IREOE SO A BEORTF , RARET 445
HHEL

K1 W5 7 1 ol G RO S S T A T 41
HLBE N AT S5 R LI 6. IET 6 (a) ] LU
B, 9% 55 Wr O8N P8 SRR B R B A £
SRS R BE /DN 2T 4 W TR S AL BR T REAIE B T
LR TR TR B B T 200 12 pme Y
VI N B AR el 2T R SO A TE S, A S5 S
55 A B9 AR TR, W A B, B R BB
A o

(b)  PIiIE7
E6  C/SICH A A S [ s g7 55 T 50

Fig. 6 Structural configuration of C/SiC composite fasteners
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Fig. 7 Microstructure for C/SiC composite fasteners
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