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Crack Growth Behavior of Tensile Overload for Small Load Amplitude

Yoo Heonil*, Kim Yeob Rae**, Kim Sei Hwan***

J Abstract J

This paper examines the crack growth behavior of 7075-T651 aluminum alloy for small tensile
overload under high-low block loading condition.

The cantilever beam type specimen with a chevron notch is used in this study. The crack growth
and closure are investigated by compliance method. The applied initial stress ratios are R=-0.5,
R=0.0 and R=0.25

Crack length, effective stress intensity factor range, ratio of effective stress intensity factor range
and crack growth rate etc. are inspected with fracture mechanics estimate.

Keywords © high-low block loading(a-A&4 &%), chevron notch(#lE.2 x3]), electro-dynamic type
fatigue testing machine(45¥ 3 2A&71), high strength aluminum alloy (272 % ¢#05%
2y cantilever beam type(9|ZE HEH) stress ratio(&@H)) . through crack(#5TE).
compliance method (A ZetolA2H)
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Fig. 1 Configuration of test specimen
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Table 1 Chemical compésitions of 7075-T651
Aluminum alloy (%.wt.)

Material | Zn| Cu| Mg| Cr{ NMn| Fe | & | Ti

Al

5.

7075-T651 6 2.51 0.3/ 0.3/ 0.5]| 0.4] 0.2|remainder

ot

1.6




F49 - A - AR

Table 2 Mechanical properties of 7075-T651
Aluminum alloy

Yield Tensile Shear Bl i
Material strength | strength | strength or(]ag/a) ton
(MPa) (MPa) (MPa) ’
7075-T651 503 572 310 10
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Table 3 Load for stress ratio

Patterns | Stress ratio | Pmax(N) | Pmin(N) | 4P(N)
R=-0.5 36.7 |-18.35 55.05
A R=0.67 55.05 36.7 18.35
R=-0.5 36.7 |-18.35 55.05
R=0.0 55.05 0 55.05
B R=0.75 73.4 55.05 18.35
R=0.0 55.05 0 55.05
R=0.25 734 18.35 55.05
C R=0.8 91.75 73.4 18.35
R=0.25 734 18.35 55.05
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Fig. 4 The fatigue crack growth rate( da/dN)
vs. the stress intensity factor range( 4K)

i)

4>

249e dasted deld A
S mAzF S ogatg won olojj
#ald Bot Aa8g 2y s o3 ¢
Ao FEARE TIBY Aol AL FEol
Az FIPslo] ARA ") ol 27|wA9
A7)7h gAY A9 Ar|Rc 37) Wil

_OTL

oo o
mo

ng
kM

P
)

i

L
Lo

2
2

B
oX o
12 i



FEEArIAGEA A 7T H A 2 5 1998, 4.

Fig. bt BEAYY ANAEEE fagds+=E
22 g JozA FIUNAE AP A Ly
o wel 4K,,°] akOI kg shdet g 3}
°]F Holn Utk gHHNA5ZH FANAL Tl B
AloA Wbz o2 °@!Hl°ﬂ e &Kol AA et
A, FESHIWAFZNNE SYulo] tigh 92X o)
w3E e A 4+ dot

SHH7L Hgle s RES d3udd nal #hdAAS
EE 4K, E 371 gL gt

) SSTYE (Na1, Ner, Ner)
R=-0.5(Nn) : 2& 1 2653 x 10 * 4K, , 09

R=0.67(Ng;) : % =1.4412 x10 *4 K, 59

__ da 9 6.5437
R=-0.5(N¢1) : N =1.2048 X 10 74K 4

)ﬁ%ftﬂa(NAz st Nec2)
R=0.0(Na2) : =1.80891 x10"* 4 K, 5404

R=0.75(Np2) : 44 N = 6-0631 10 *4K,, 159

R=0.0Nez) : %& 1 5196 x1079 4K, 0

3) 8 THE (Nas, Nas, Nes)
R=0.25(Nsa) : 4L — 3 385 x 10 4 K, 5%

R=0.8(Nga) : =2.3538x 10 B4 K,, B

R=0.25(Nca) =2.5354 x10 4K, + T

4.2 20/ AN Fy|

FoR $Eg Ay 7
F7HE 7MW 1
S5 - AL R¥9 UKE stERZo) Gong 7 g
FE GE Holm 3in} oluje] ¥

olg o 2. 5mm oo},
Fig. 73t Zo] #¥Zol9 Kk, #AE HEs &
THY Ce AAdoe FILYAYE Bolx| ou gk

_59_

103:
] o R=0.0,0.75,0.0
{ & R=05067-05 o
| o RrR02500025 &
] a &
a o
A ©
A

da/dN(mmicycle)
a
%»B

0’ v vy
P ©'

AK o(MPa M

Fig. 5 The fatigue crack growth rate( da/dN)
vs. the effective stress intensity factor
range( 4K ;)

| A, B #¥™o| 2 5mmiTe] welE - AR
AFAN F(R=0.67, R=0.75)0ME 328 L o
A F g, 2719934 (Nar, N3 Q183 e
3 7o LA (Nas, Nps) FRo|A Fd2aldAbo] o}
A AR

TEEYe F71 Fig. 8o vehd 2k o] g2y
b REE A Jedn Qlon, fasHs ATy
(dK4/4K)Z £ W Z7]88w] R=025% (=1,
R=0.0& U~09, H=-058 U=062% 848
Holm glt}, T 1&tE AAE BB E 2383 At
glo] U#e Hulz dysi). guy) 248 3duy
o] MAER] oz Haiwe JwE g@ol A

ERE I & = 9},
Fig. 9= #€old tid 3Es( N)E el
RAoezX FUANZA t3He A, B, 09 27749



DR

7

L

AR

® R=0007500
A R=0506705
© R-02508025

AK(MPa m'3

3 H
Crack length(mm)
Fig. 6 Relation between stress intensity factor

e

T T
1 5

range( 4K) and crack length( a)

—8—R=00,07500
—A-—R=05,067-05
—O—R=02508,025

Kop(MPa m'"?)

Crack length(mm)
7 Relation between stress intensity factor

K,) and crack

at crack opening point(
length( a)

0.8

06-

0.4+
& R=0007500

& R=05067:05
O R=02508025

0.2

3 4
Crack length(mm)
effective
ratio( U)

T
2

stress
and

between
range

Fig. 8 Relation
intensity factor

crack length( a)

_60-

Crack length(mm)

—m— R=00,0.7500
o ° —A~R=0506705
—O0— R=02508025
s
.- y.
4 -
E] & o, »A
- 7
1
) od A soad | soad® et 1z
Cycle(N)

Fig. 9 Relation between crack length( @) and
eycle( Ny)

e s1zukEs BAZ B9 Nu=5.93%10", Na1=4.25
x10" Ner=2.74x10" #9le] 35 Bk 183
ANZE ol gz stEd W FIANAY &
Nw=2.82%10°, Nip=2.52x10°, Nex=1.89%10°9)
uo] g7l geHE FAAME WA et
. el neudss g2 g FEe

3 ToS
2% ¢ % 9l

2ct.

FEsE

=

A 2
T

o M

]

lr

I L Ao

3
Il
o

o

A
T

~

)
lo
e
ol
<
g
fu
2>
j—l“
T
rfit
s
>4

mo P

—

a7 el 271dEE

58 Fof #EIA

%

(TR SN VIS
o 2 Hu

=87l o

4%

o

= oP

| A

nloa

Lol

1o ox pR ml oo rfo
L

o ELCCIE R

Na{R=-0.5)e] N¢i(R=0.25)

KN
©

=
d



A A 4 7 A A 2 5 1998 4.

Ao, 18FE-AAZqMe Na(R=0.67)F Ne2
(R=0.8)8r} 1.58 2A Vet gy 445 74
AAol weA Jehds ¢ 4+ dddh

Fun2d

1. Jono, M., Fatigue Crack Growth under
Variable Amplitude Loadings, Fatigue 90,
pp.1485-1498, 1990.

2. Wei, R. P. and Stephens, R. I[., Spectrum
Loading and Crack Growth, ASME, Trans-
action Journal of Basic Engineering 94,
pp.182-186, 1976.

3. Kikukawa, M., Jono, M. and Kondo, Y., An
Estimation Method of Fatigue Crack Pro-
pagation Rate under Varying Loading Condi-
tions of Low Stress Intensity Level, Proc.
ICF-5, pp.1799-1805, 1981.

4. W. Elber, “The Singnificance of Fatigue Crack
Closure” , ASTM STP 486, pp.230-242, 1971.

_61_

. Katoh, Y.. Ko, H. N., Tanaka, T., and

Nakayama,H. “Transient Crack Growth Behavior
under Two-step Varying Loads” . Fatigue 96,
Vol.. No. 1, pp.523-528, 1996.

CgREE CERUK, MR ONVRERER 39 s

o M, KEMESECE. BISE. B
pp.199-203, 1989.

CBR R R KRS MALZ, WS

" pp.128-190, 1984,

. A. F. Blom and D. K. Holm, “An Experimental

and Numerical Study of Crack Closure” .
Engineering Fracture Mechanics, Vol. 22, No.
6, pp.997-1011, 1985.

. P. C Paris and F. Erdogan, “A Critical Analysis

of Crack Propagation Laws” . Trans. ASME, J.
Basic Eng.. Vol. D85, pp.528-534, 1963.

0. #E, HWEEEL, HbE— &al TReEEE 2

YT TAT > ARk BIGERSE T BT A 5
SUEIREE » SHEDBHORE,  MEL Vol 9,
No. 276, pp.899-903. 1976.



