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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, SH., SH)) 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) The relation of

SH= @ (SW)"’ was obtained.

(2) The ratio of the striation height to its width SH/SW, SHy/SW and

SHySW did not depend on the stress intensity factor range /K and the stress ratio R( =Pui/Pmac =

Kmm/me:)-

dimensional difference between the striation width SW and the precipitates.

(3) Effect of precipitate on the morphology of striation was changed by the relative

From these results, the

applicability of the AFM to nano-fractography is discussed.
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Table 1 Mechanical properties of material

0.2% Yield | Ultimate | Young's Elongation
Material strength | strength | modulus r(logA) )
(MPa) (MPa) (GPa)
2017-T351 275 427 73 22
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Fig. 2 Definition of striation width and height



dEny g3 2 cgedolds Y AAY B 1049

sttt

e A2-3 g #¥E DFM(Dynamic Force
Microscope) 2. =8  SI-DF200]v] CCR=(Cyclic-
Contact Mode)'W2 2434t =Ho gloj¥:
2 e FAHY T F&ste 3, d&Hor &
Aagot. A £ Azhe] e dEsy
Y9 FE(platcaw)ol A o] A EH FAYYE 2 F
XA ek W& xEglolofo] e YA W
= HEHAY. £ 22 ZHENAN TEH &
Edgoloole] HFWATHY 4KE FYA
st

g Avozie AFM B Faztxel A
T HAEE 0.0Imme] ol 54 v PR &4
3to] HSGHAFEY 4K AEol o] gttt

AEEH 0T Jdojzl AFMA Y] ©d Zzag
(profile)*| A Fig. 2l YER A3} Zo] ~Eg}o
clojdel F(sw), 24 Hiwol(SH), 243l
FAM & FSHYFH HL F(SHYE FH352
W, £& 3 29 FFLolE NYstt

3. 48 &1 & uH

Fig. 3¢ Y2 #Ed 845 da/dNT 37
S¥e KMol WA W AFM HozFE T
& %d T E(plateau)ol o] T AE7o]d o]
A E swele] #BAE veEld ol dwrHe
da/dNE 107m/cycle A= ol Aol A A ax
deid e dadNI SWekel U} muh 4%
= g9 6x10°mieycle EAA APt Aol
R LR

R=0.10o] A} #asjoid 71 tEAQY AFM 3%}
A A& Fig. 49 (@~Mhl Zzr JehgR o
AFM Zee 24" 29 $HE&dAsHEY, &
e - B L e i B =

2 A 3 Fo AFMoZ #EHA
2 2Eglojoo]l AL E 40nm, HFEo] 6nm
Zoln (@) (byell 2 AFM A& JeEhSih
A Aie AANHQ] #9AA &% dadNE
9.1><10'8m/cycle, Rice2] &4 A" 2 Elbero
FEd2gol29e Hag Hozny AMsAR
FIATAYCTOD) = o 193nmejon o
AL zEgodol e ZAHH A Fgkth o] A}
AZHEY B diol AgEoR RN 2EF
ololo] el FHAE A= Ho]x 190nm F

2 W or

e o b

¢ CTOD7} "advtn FAHEHozY. AxEH
olflol A& AMZ A9 HYPsn BL HAYS
(@) AFM Aoz Xg & £ 9t a8 b)E
HE o4 ¢ %ol AFEogly oAARE E7
£ FHgME 2ugojdolxe) Wgkgolr} =
o] dAEA ¥u HEA ME H o] EHFo
o AAZ ol#F vlAEFE XEgloldo]Ho] #
28 2olA ¢@A] &Pd(slip band)' Vg m)
FAFS 2¥Eo] #AHE 2T AT} o]
ALA R RE olet e viMg AEgo|do]Mo]
FHHE $HzAAME HERe F4, Y
9 5 Ame zARH Ao RAAYYH 27
443tn ok GAX sEzoldolde] %
o] da/dNR T} ZA HAHE Fod 29Ys o
F AN

da/dNe] 1.43x107m/cycleq]l oA -z o} A
SW 140nm, SH 14nm AL 2o AEgoldolde
(c), (), da/dNo] 2.43x 10'm/cycleq] RolA
#¥ SW 210nm, SH 30nm RE 9 AEgo]d| o]
HE (), (O Zrzk Yehdidle. o] F d9dn
239 ~2EGo|dolde duyes vluy
Hadt A 2Eggolooldel e, ()% (e)oll
AAIZE AFM ol B £ gl%o] MEE9 g
of oM FAE EFREo HRHIA HAHIAE

10t A T
@ E | O da/dN(R=0.1) || ;
2 [ | A da/dN(R=0.3) ‘I RS
K 0 da/dN(R=0.5) S
£ 10° H o dadnR=08) [ 2
~ ® SW(R=0.1)
z I | A SW(R=0.3)
B .., | | "SW(R=05)
= 107 - ¢ SW(R=0.8)
2 |
] i
° l
Q ¥
® 10°
§ i
5 10° |
5 10° |- g
ko i i
(&} ‘ :
10 N |
1 10 30
. Stress intensity factor range
AK  {MPam™®)

Fig. 3 Relationship between stress intensity factor
range and crack growth rate, or striation
width



Z . ¥ A= - Hitoshi ISHII

(a) AK=7.8 MPam" (b) AK=7.8 MPam'”

o
24

Tpm x Tuym

{(c) AK=8.6 MPam'™®

. 0.5um x 0.5um

(e) AK=10.1 (f) AK=10.1 MPam'*
MPam"

2um x 2pm

(g) AK=16.3 MPam'® (h) AK=16.3 MPam'”

N

2um x 2um

Fig. 4 AFM images of fatigne fracture surface under stress ratio R=0.1 for 2017-T351 aluminum alloy.
White arrow indicates the direction of crack growth
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Fig. 5 AFM images of fatigue fracture surface under stress ratio R=0.3 for 2017-T351 aluminum alloy.
White arrow indicates the direction of crack growth
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Fig. 6 AFM images of fatigue fracture surface under stress ratio R=0.5 for 2017-T35! aluminum alloy.
White arrow indicates the direction of crack growth
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Fig. 7 Relationship between striation width and
striation height
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