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A Study on the Influence of Residual Stresses on Fatigue Fracture
of Aluminum Alloy Weldments

Cha Yong-Hoon* - Kim Ha-Sig**- Kim Duck-Joong***

Abstract

This study is to inspect the influence of the initial residual stress on fatigue crack growth
behavior after the distribution of the initial residual stress is measured when the crack is
growing from the compressive residual stress field to the tensile residual stress field. Also, the
influence of the variation of residual stress distribution on fatigue crack growth behavior at the
crack tip is studied when the initial crack occurs on weld metal, bead interface and HAZ (Heat
Affected Zone), respectively.

For this purpose, CT-type specimen that crack parallel to the welding bead were manufactured
by butt welding on the Al. Alloy 1100-O plate.
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Table 1 Mechanical properties of Al. 1100-0O

Longitu-
Yield Tensile | Elong- ?gl lu Shear
i
Strength Strength | ation na Modulus
#) @ | o | MO
(keg/n)
34 90 35 7031 2637
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Table 2 Chemical compositions of Al. 1100-0O

(Wt %)
Chemical Other
Compos- | Si+Fe| Copper | Mn | Zinc Element Al
ition Each | Total
Content | 0.95 10.05-0.20{1.05;0.10] 0.05 | 0.15| 99
83 WAZREY dzAEE Aguy ARe
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Fig. 1 Orientation of fatigue test
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Fig.2 Dimensions and configuration of specimen
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Table 3 Chemical compositions of filler metal

(Wt.%)

Composition(%)
Cu Mn Zn Al
Al.1100-0{0.05~0.20| 0.05 0.1 99.00

Material

d20)F FFHAE 100m X 900mE Aealad Mil
ling Machine2 & Groove 7}&% &%t 24 &9
o] ol&o] &3 A He] HA ¥=E Stainles
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£742 Table 49 2] AWS D1.2-839 Code(14)
Ao wet PaH o Shielding Gase o2& 7kA
2 AMgslgln, 2 482 Table 59 #t}

Table 4 Conditions for GTA butt welding

Electro-|  Filler Weldin Curr- | Volta-| Welding { Argon i
de Dia. | Metal Dia. Positioﬁ ent | ge Speed Flow |
(mm) (nn) (4) | (V) | (mm/min) | (em’/min) |
1 Pass 1
032 —224 L par | os0 | 253 | 20 | 20 |
2 Pass
24.7

Table 5 Compositions of argon gas

Composite D;gl;ﬁiyd Moisture | Oe Ho N
(%) 99.9 0.02 1.0020003] 01 i
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Fig.3 SGSM for measuring welding residual stress
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Table 6 Experimental condition of fatigue test

Specimen | P Prin| 4P kzsi?) Frequency | Control | Wave| Temp.
Type | k)| (kg) | (ko) | (o) (Hz) Mode |Form| (T)
o7 230] 23 207} 0.1 20 Load | Sine| 20

230 69 | 161} 0.3 20 Load | Sine| 20
3. gz 9 D3

3.1 {28 #x

AldHe BF4HEH L Fig.39 2o strain gage
sectioning method(SGSM)el| sl zhztel AlgH
oF 3 AF$ES Y en, 243 A3e Fig
43 Zon &RAA &4 vz FPsA CTAE
AE Aztsld $HAF2EHS

Ao FEAY H2
FoHo] BRsln, Al@He
o] EAstx

4B 3l o
mh
-z
M
} 2
1A
olo

¥
glo
o
me
4
%2
vl
Fa o
59
op
fo
o
g
R
i)
2

® ild Melal Qs naid)
A i Inieriacs G2 vid)
W Gs veld)
O aid datai FHD)

L A 3eaq Interiace (AT}
O e eam

n

(P

450°C. 30ain. furnace coot)

Residual steess (kg/an*)

3 : . !
-3

10 2 ] 40 50

Jistance froa crack tip (a)

Fig. 4 Residual Stress distribution



R A71A s A A 4 W A 4 & 1995, 12

A9 AAT S ¢
HAsh ¥48 F3E BT

3.2 a-N B4 g
Az2d898AAEY dMe P28 ve F1EY 2
A9l22m e dZzgcl & 223 EXos uzise

o] ¢ Zo] oz A FAHT 9
Fig.5~Fig.7v 247 &&4%
o W& sy R=0.1
I 8HE g2 ]‘é‘?iOﬂ
ot aj7)elA &y R =01
of vldtd AR W2FHo] A b‘rﬂkkznq %s}
HEF A=A *]6‘3‘«] <+
2R ¢ F ‘,11‘1} °]

ofy b

Bl =
=OSJ73

i

o]
—_—

F1g 501]*134 %%01

50 - —— - e e o e -9
G mx oweld (R=0.1)
e sa weld (R=0.3)
E & PWHT (k=0.1}
g 1 A pwir (10=0.3)
s 40 Bead nterface
Punan - 230kg
] R - (.1, 03
4 Temp, = 28T
o
|3
G
“~
° 30-
A
& ‘A
§ AR
0 s o% 4%
20 TN T T T ]'77‘_" ATTTToTTTU *r'rTrrT‘ R
[ 10° [

Number of Cycles N

Fig. 5 Experimental a-N curves(Weld Metal)
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Fig. 6 Experimental a-N curves(Bead Interface)
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Fig. 7 Experimental a-N curves(HAZ)
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Fig. 8 Experimental a-N curves(PWHT, R=0.1)
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