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Abstract

Atomic Force Microscope (AFM) was used to study cross sectional profiles and dimensions of
fatigue striations in 2017-T351 aluminum alloy. Their widths (SW) and heights (SH, SHy) were
measured from the cross sectional profiles of three-dimension AFM images. The following results that
will be helpful to understand the fatigue crack growth mechanism were obtained. (1) C01nc1dence of
the crack growth rate with the strlatlon width was found down to the growth rate of 10° mm/cycle.
(2) The relation of SH= gz (SW)"’ was obtained. (3) The ratio of the striation height to its width
SH/SW and did not depend on the stress intensity factor range JK and the stress ratio R. From
these results, the applicability of the AFM to nano-fractography is discussed.
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Table 1 Mechanical properties of material.
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Fig. 1 Shape and dimensions of CT specimen.
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Fig. 2 Definition of striation width and height.
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Fig. 3 Relationship between stress intensity factor
range and crack growth rate.
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Fig. 5 Relationship between stress intensity
factor range and crack growth rate, or
striation width.

o 2REE ¥o] dolg ¥ ofyz AEdo]
olde] Eziat AbEsly] oYk o9 Hlu=m
2y zad=Y 339 Fd SH oAM=
AFM©] SEMelY} TEMEUY gEHoz 53
#BRFEL S & F ATk ,
8] 03 2 059 FAdAM dojz =y

2Egold o] o] AFM el = &
gol o7 w@ P Yo} T
Huy gEn] Fol g gy o

ox °l°
[@ 4] JE
L
o Mt
i)
gt 1

i
ok
rlo
o

S o 2
ok
l o
i e ‘
\Lm oo b
o

o2
1o o
0,
2L
o c

rE b
19
fﬂJ ¥
m&%
ol
2 I
o H
_%
éé
ofo
(«{0
o
fo

€ g
o
w
=
w
:I:
w
F
Uiy

A,

-
o 32
3;

Fig. 52 4?&@‘&@%& da/dNJ% HE oA
W9 gKAlol] @AY AFM *"OE RE T
EEHE(plateau)Oﬂ*i—/} B "Ea}ol ] o]
SWE W78 ol YwHos da/dN_
10" m/cycle HE o] abell Al A Feitia %‘312% A
a/dNFJr swelbe] U7t B ALE 949
107 m/cycle Aol Agste 3lo] 2"?_'9491

Flg 6(a), (b)°ﬂ“ 2Egloldlo|de] U zE Y
A dolF SH P SHyo swe #AES vEb
Ao Z2a-83 THZTqA SH L SHy7F SW
of e AXHow Frists @AIE st
T aYIs Ao g2 B¥EE Hole AL 4

- 156 -



1000

E I iL TY“ / 1000 F T 11
F O R=01 | || F [0 k=01 y
| A R=03 : F | & R=03
[ | © R=05 | = [ | © R=05
T [ Lo R=03| £ e Rre03 |
2 100 f—r - 100 B—+ ‘ !
F f = F
-~ n i 72} o
“ : 1 £ I ‘
= - ! 3 L
I = L u 5
= 1 < 1
S 10F 3 0 ’
2t f s F ] |
N T2 g s |-
LR : i L I i
AL L
i i N i i 1 l
10 100 1000 3000 10 100 1000 3000
Striation Width, SW  (nm ) Striation Width. SW  (am)
(a) (b)
Fig. 6 Relationship between striation width and striation hight.
1.00 — 1.00 ; —
o R=0.1 t :
4 R=0.3
o R=0.5
] ¢ R=03
= =
~ 0.10 2010 —
ol =
« @ o N :
—
5 A O R=0.1[]
A R=0.3 [
- H 0 R=0.5 H
B o R=08
0.01 i — . 0.01 - T
1 10 100 5 1o 50
Stress intensity factor range AK  (MPam™) Stress intensity factor range AK  ( MPam'")
(a) (b)
Fig. 7 Relationship between stress intensity factor range and ratio of the striation height to its width.
1.00 T 1.00 Rownhy 1
T Masakamict al!
.—.—E o
i _
N H = B
= =1 vy L
@ 3 -~ £t S u
Z o0 = 010 =
x T - I~ . H
< S i
Y 5 B A
1 o R=0.1 o r-01
A R=0.3 4 R=0d
— < O R=05
O R=0.5
L3 R=08 o R=0.8
0.01 001 — e :
0.1 | 3 0.1 ! 3
I-R 1R
(a) )

Fig. 8 Relationship between stress ratio, (1-R) and ratio of striation height to striation width.
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