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Study on Fatigue Behavior of Carbcn
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Fatigue behavior of carbon fiber reinforced polyimide composite materials was studied exper-
imentally and analytically. The physical variables, such as cyclic displacements and hysteresis
loop energy were observed during fatigue tests. Fatigue life of the investigated [0/90].s lami-
nates was predicted by H&H models which was proposed based on the fatigue modulus and
resultant strain. The predicted fatigue life by H&H curves was reasonably close to the exper-
imental data. Fractography study shows that fatigue failure mechanism of [0/90],s laminated
composite materials involves failure break, matrix tearing and fiber-matrix debonding as well as

delamination of layers.
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Classit 1 o MPa) | E(GPa) | o | e

1 804.2 47.0 -~ 1.60

2 816.5 49.8 - 1.20

3 742.9 49.0 — 1.28

4 840.6 50.1 - 1.60

5 778.1 55.6 - 1.44

6 823.4 40.0 - 1.40

7 844.3 51.6 0.0466 1.20
8 860.6 53.6 0.0472 -
9 792.6 56.0 0.0479 -
mean 53.4 0.0475 -

10 843.2 56.4 0.0380 1.60
u 826.7 57.8 0.0401 -
- 60.1 0.0413 -
mean 58.7 0.0406 -

&r:;}; 815.64 50.4 0.0435 1.42

S.D. 34.15 5.22 - 0.614
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a B a b c
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---------- 3-p Weibull °,/
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o
|

Probability of Failure
8 ]
T T

0
700 800 900
Static Strength (MPa)
Fig. 4  Static strength distribution
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Fig. 5 Cyclic stress-displacement behavior (¢=0.9)
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Fig. 6 Cyclic stress-displacement behavior (¢=0.8)
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Table 4 Evaluation of constants(fatigue test)

k=—0.0257
S-N

curve d= 0.9099
. . 0,=751.2076

Basquin's relat
asquin's relation b :——00136
M= 1.1458
H & H curve-1 C= 0.0121
B= 20.2379
M= 11.531

H & H curve-
curve-2 C= 0.0804

Table 5 One-stress level fatigue life comparison with exper-
imental data

Fig. 7 Resultant displacement versus number of cycles
q 0.90 | 0.85 | 0.80 0.75
DATA 3 | 7,149 67,567 44,613
S-N curve 2 214| 18,891 | 1,666,440
. Basquin’s relation 3 177| 15,233 1,752,736
Table 3 Fatigue test summary
H & H curve-1 2 | 3,319 30,93 60,059
Applied stress level Life(N)
(64/0u) H & H curve-2 6 919 32,918 528,184
1
0.90 2
’ 6 q 1.0
151
5,188
0.85 9,462 4
861 2 = \\\
z
34,208 5 -
94,037
0.80 141,160
141,181 P e T T R R S
0 1 2 3 4 5 6 7 8 9
44,613
0.75 48 Ooo(b) FATIGUE UFE 109 N
1,105,000 Fig. 8 Single stress level fatigue test data and predictions
0.70 250,000
0.67 76,889 Azol HL3rlolEe FErst A& ez 4"
0.58 500,000 t}, H & H curve-le] ¥4 H & H curve-2x.t}
= =20 3 L i
@ Stopped 2t N= 141181 - Residual swength=7z3 2MPa = & &€ 1A Sedl, Fig 84= 22 4

® Stopped at N=

4 Stopped at N=
© Stopped at N=

48,000 ; Residual strength=801.0MPa
@ Stopped at N=1,105,000 ; Residual strength="762.5MPa
250,000 ; Residual strength=816.0MPa
500,000 ; Residual strength=796.6MPa

a-)

5 % 4 9t =&, H & Hcourve-ld 2%
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(a) Side view of failed specimen showing delamina-
tion of layers (b) Longitudinal and transverse fiber channels



(¢} Peeled fibers at [0/90]interface

(e) Discontinued channels left by fiber pull-out and (f) Hackle and fiber pull-out
matrix microcracks

ZF A9 Bl &, slFFrlel w2+ 7] t}, Fig.l09] (b)~ ()= &7
%9} 3= 2wzt (fatigue sensitivity) 7} 2.7}z) 9] AlRl o)}, Fig. 109] (b)eil A 73 3} (curing) A] oj]
Byt 28g Frt ASH ae} 71A9 g WA EE Aolalx &5 S (layern) & 7Y
the] BAM¥otr we Wy FoiA WA B 4% A ze|=az(prepreg) ol Hd LA

A" HS w3

fe e r-lm



(h) Fiber pull-out, fiber break and debonding

(g) Overall view of fracture surface

(i) Single fiber break
Fig. 10 Scanning electron micrograph of fracture surface

28 oldte] Zo|upsk Mlalel E (longitudinal o}, olzd AL skl FigtduelA G
fiber channel) &3} Zu4}3F ¥ 7}a]9] Z (transverse Fig. 109 (©9 & =24 o =& 4 4 U
fiber channel) So] EAjo] Z!a=lz gl o Fig. 108] (c)elld B7Ale} 727k £33 A E

G el AE chobstn AT sEe B 4 3 o s, FV¥AL ol Holwges )
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