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Abstract

Major problems in welding Al-7020 include shrinkage, porosity in welds and loss of strength
in the heat affected zone. Thus it is important to examine the mechanical properties and
reliability of welds.

In this study, a series of experiments was carried out to determine the mechanical properties
such as micro-hardness distribution, tensile strength, porosity and residual stress distribution of
the A1-7020 weldment made by pulse-GMA welding.

The results of the experiments are as follows.

(1) The micro-hardness of weld metal and heat affected zone was lower than that of the base

metal,

(2) The tensile strength of the deposited metal was much lower than that of the base metal.

(3) The porosity in weld metal zone was negligible under the adopted conditions of

experiments.

(4) The residual stress in the weld metal was lower than that of the heat affected zone, because

the weld metal was softened.

And the micro-hardness distribution, the tensile strength and the residual stress distribution of
the weldment in the as-welded condition were compared with those of the weldment after heat
treatment. '
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Fig. 1 Butt joint design of 28mm thick plate
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Table 1 Chemical composition of workpiece (Al 7020)
C?}f;f:ét si Fe Cu | Mn Cr Zn | Titze | zr Al
Specifi- | ¢ <040 | <0.15 | 0.05-0.50 | 1.00-1.30 | 0.10-0.35 | 4.00-5.00 | 0.08-0.25 | 0.08-0.20 | remain
cation
Workpiece 0.06 0.14 0.04 0.19 0.14 4.58 0.13 0.12 ’
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Table 2 Welding conditions for butt welding (28mm thickness)

Pass Groove ) ) ) ) )
No. angle Wire feed rate (ipm) Welding voltage (V) Welding speed (mm/min)
(degree)
1 90 320 32 350
60 320 32 450
5 90 320 32 350
60 320 32 450
3 90 350 34 350
60 320 32 450
1 90 350 34 350
60 320 32 450
5 90 350 34 350
60 320 34 450
6 90 350 34 350
60 320 34 450
7 90 320 34 350
60
8 90 320 34 350
60
CBNY 5
7 |
2N
:
(338 «»
(90° double V groove) (60° double V groove)

Table 3 Welding conditions for butt welding (4mm thickness)

2-pass welding 1-pass

Parameter — B welding
Wire feed rate (ipm) 130 130 135
Welding speed (mm/min) 655 655 655
Peak pulse current (A) 245 245 245
Welding voltage (V) 24 24 24
Pulse frequency (pps) 120 120 120

Table 4 Fixed welding condition for experiment

$4% AAA 4AEsE A719e) Fig2st 2
Parameter | Condition o =70z AXeE A}
Polarity Reversed
Filler wire Al 5356 dia.=1.6mm 3, 8859 MZAxAb U An}
Shield gas Ar 25%+He 75%, 60 CFH
3.185%e gy 9 =3

Table 49} ol H-E&3ksich, 907, X¥FF =7l
SAHA Al Fhel w8 bA = Fo 2A Aol B ol 7 A B 4
HZ g 27 Tmm kS sl SA A 3} polishing) 2t ol A (etching) §- &
o, 3 Aue dve &AF dAe] #E Qsted Fig3el uebdds, =2A%A4 28mm,

—-
—~
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Fig. 3 Weld pool shape of butt joint
(a) 28mm thickness, 90° double V-groove
(b) 28mm thickness, 60 double V-groove
(c) 4mm thickness, 2-pass welding
(d) 4mm thickness, 1-pass welding




Fig. 4 Microstructure of weldment (4mm thick, 1-pass welding, x50)
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Fig. 5 Micro-hardness variation in weldment
(28mm thick., 60" double V-groove butt joint)
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Fig. 6 Micro-hardness variation in weldment
(4mm thick., 2-pass butt welding)
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Table 5 Result of weld metal tensile test
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Table 6 Porosity of weldment

Weldment condition

Porosity
Area of pore

———— e 6
(Area of weld poolxlo )
4mm thickness, Base metal 5.3
4mm thickness
Square groove 48
1-pass weld
4mm thickness
Square groove 39
2-pass weld
28mm thickness, Base metal 19
28mm thickness
60° double V-groove 9.9
Butt weld
28mm thickness
90" double V-groove 6.7

Butt weld

longitudinal direction
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Fig. 8 Strain gage location on the surface of
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Fig. 9 Longitudinal residual stresses in upper surface
of weldment

slod ¥9g oAbt olw] Fatglel 3 &Y
A ks & AAY Forl Hesd, F

746}4—7*} 3t Alge] Fwe AFEH FAH L
2 A& strain gage$ T?—}A]?J-?- milling
illing guidedl] & &vlHe
= £ Evh 533 AHolul

2 F4E B2 o"F—HOﬂH W HYES S

0
=
o
[¢)
e
PRl
_)]_.‘
ol
o
R
3

o7 F#Ho] dHs)
SHAZA AN HEF
strain gage® -3 s}o] %‘!iTJr 0}";8"401]*1 ‘é/‘]
shodot,
3.5.2 AF89
S Adnkeke] A
o] £ ATHAA
A FelAe g3

W o
i
B

e

Fig. Fig.1001 A 2}
B, £ Aol A

o Zgeiz 9w,

r jﬁ A

W

e
ol
o)
Hu
olo @

N
:_{,N_ ¢
Hu
o\o
AR

iAol Agel EHAUTF AdAFSHE FF

op7h @& gko] vEhA Hedl, 3
ojoj gk o 3227 (17-18kg/mm?)-& EA &
228 (36kg/mm?) ol ¥]ste] oF Hubell aliwtst

rr oot i, ofo mQ e
S
I
T e

i
o
2

3 gERFEFME FESH] 14-15
kg/mmeelgeh, AgA AT EHFEFE &
AN 2AFgYe] Aol vigA A

4 ¥ 4 s aseE, AFeH
o 1-70202 §33<ok A9 Fro
e Axg Qlite] HARFEH FE R A

AR
X
2
>
>

rir >4,V.

Journal of KWS Vol.6, No.4, Dec., 1988



A1-70209] Pulse-GMA£ o] T3 d7(2)

20

: o 83 welded
kg/nn’ | « after hest trestaoent
- (d
5 ok ]
F ° !
g ‘ !
= I
g 0 7 =
= i - Ty
' e
b l
o -i0F Iucld interfoce
I
3 1
H
& )| S, B S | 3 2
[y 10 20 0 0 =a S0

Distance from weld center line of lower surface

Fig. 10 Longitudinal residual stresses in lower
surface of weldment

20 T
} o 03 welded
kg/aa’ 1  aftor hest trostment
i
K 10 )
© | R S~ 9:7:—--—
- 0 | 7 ~
‘E; ‘;/f\.,'
~ 1
] !
5 t
v -10f weld interfoce
E ]
o |
H] |
(¢4
-20 L 1 1 )
0 10 20 30 40 wma S0

Distence from weld center line of lower surface

Fig. 12 Transverse residual stresses in lower surface
of weldment

El i 35 vebdoh, Fad Ao ofd AR
vebuA] gka glEd], o] AL A

Addo] AXA Lxr} FAdE o
AstA kgkn AEH dAE x4
ol 23 FHAl &4yl Ao gl
71 “H—Er le} Alg s,

Figurell® Fig.120f4 2w $lwiz) ol
upgk AR 2w b2 A vehdba Qi
o] 7l e mixjuto 2 LA 3 olzgiulo]s] F-3ol 9
g Agaet g3l 7 FFaF wifol &3
A ZAAME §Ho] Ao Hesix dx LFHA
oA} oyl Fofja glaAE e o] A EL
v Wi folet Alad ot fidol s ol v
Autx e 2437 Aot Figlaeh e Ly

_\,°L
rlr

KBBESEE, BOE F4, 1988F 12A

61

]
| o 03 welded
kg/am I « sfter heat treatament
|
- 10F | L4
“ .o
© I ,,///TTT"\\}>\\\\
o Crespeast Sl Y
g ! ﬂ*““im‘
g 0 [
= 1
8 '
5 |
o -10F | weld interface
3 |
2 \
&
-20 J 3. s :
0 10 20 0 0 ma 50

Uistence from weld center ling of upper surface

Fig. 11 Transverse residual stresses in upper surface
of weldment

% 23 gles, nw& 3ol oal Fel
ol 27 2Agal 2

=z
LA Fte] Sldell A Q
o}

4, & g

AA $AAYEE ATH AU $HY ¥
e AR, AAE, AF Y AF
sqsigon A A% $HF 9
of M E SHated ulmabse, o
ohe} ek,

(1) 843 A
7 b gren
2ol sl Ao
%59,

@ % d—‘?—«l 21 24)

2
o2
ot
-z
fo
od.
i

o
o
L3

AN
O
g

rlo

td
2L

o
o,
B
ta

p 2
Yo
o
o}
o
},ﬂ
e

2 % :

@) FH AFEE 2HAR FHIAAE 2
Sob A7leEol Mol BFSHe| AL ghe FE
felg aabot vhebdost, SaAel oY AF
Seuste As gt

(5) FHEMNzoNH F2 Sgo] o
7l AslAE Ews) 5L sfolo] £F4EE AL
Aop shewl, 9 EAW ke AW o Ee
sholo] $F4E% Agatolor qeh



62
ZAnEd
1. K.P. Mudark, “Schweisstechnische

Untersuchungen einer Al Zn Mg Legierung
unter besonderer Beriichsichtigung der
Schweissrissigkeit”, Schweissen und

Schneiden, Dec.1960, pp. 45-55.

. LW. Eastwood, “Gas in Light Alloys”, John

Willy & Sons Inc. New York, 1946.

. J.A. Liptak, “Techniques for Welding 7039

Aluminum with Various Inert Gas Process”,
Welding Journal, Dec. 1966, Res. Suppl., pp.
561s-568s.

. RAAE 8, “Al-70209] Pulse-GMAEHol

& A7 A BAF Al vlA
€ 9%, A% &A A, Az g F,

CEEE 9, ATz 87-RF-0097, @33}

719, 1987d 124, pp. 26-31.

. F.R. Collin, “Porosity in Aluminum Alloy

welds”, Welding Journal, Jun. 1958, pp. 589-
593.

. R.A. Woods, “Porosity and Hydrogen Absorp-

10.

11.

12.

AAE - HAE - dAT - 0y

tion in Aluminum Welds”, Welding Journal,
Mar. 1974, Res. Suppl., pp. 97s-108s.

. Z.P. Saperstein, G.R. Prescott and E.-W. Monr-

oe, “Porosity in Aluminum Welds”, Welding
Journal, Oct. 1964, Res. Suppl., pp. 443s-453s.

. RF. Ashton, R.P. Wesley and C.R. Dixon,

“The Effect of Porosity on 5086-H116 Alumi-
num Alloy Welds”, Welding Journal, Mar.
1975, Res. Suppl., pp. 95s-98s.

R.J., Shore and R.B. McCauley, “Effect of
Porosity on High Strength Aluminum 7039”,
Welding Journal, Jul. 1970, Res. Suppl., pp.
311s-321s.

“Measurement of Residual Stressess by the
Hole - Drilling Strain - Gage Method”,
Measurements Group TECH NOTE TN-503
-1, USA, 1985.

G.S. Schajer, “Application of Finite Element
Residual
Measurements”, Journal of Eng. Mat. and
Technology, vol.103, 1981, pp. 157-163.

Calculations to Stress

Journal of KWS Vol.6, No.4, Dec., 1988



