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Gravitational effects on the microstructural evolution of GTA welds in an Al-Cu alloy
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ABSTRACT

Gas tungsten arc welds on Al-4 wt% Cu alloys were investigated to determine effects of

gravitational orientation on the weld solidification behavior. Outward convection flows in the

parallel-down weld might be inhibited because of its reverse direction with respect to the gravity

vector. This resulted in abnormal 'S’ shape of the trailing s-1 interface and the solidification rate

(Vs), which was receded toward the weld pool center.

Significant influence of gravitational

orientation resulted in the variation on the weld pool shape associated with convection flows,

which in turn affected solidification orientation/morphology and the primary dendrite spacing(i).
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Figure 1 Welding orientation: (a) perpendicular
orientation to gravity and (b) parallep-up and
parallel-down orientation to gravity
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Table | Measured weld pool shape (FZ)
as a function of gravitational orientation

Depth Width Depth / Area
. mn1) (mum) Width (mm?)
L 235 +0.1 6.60 £0.1 03610.03 110104
I-u 275 £0.1 6.7510.2  04110.05 13.6+0.5
I-D 135%0.1 6.50 £0.1 0.36+0.03 10.6+0.3
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Figure 2 Representative microstructures
near the weld pool surface for the (a)
I-U and (b) I-D weld
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Figure 3 Effects of gravitational
orientation on the (a) the measured
angle 6 and (b) the calculated Vs

3.4 Primary dendrite spacing (A1)

L3 FHYAA AHY FALIoz EHE
ME Figure 49 Yepidch. &3 2419k Z@3HA
EFZAAAN 7bF HFol W Aol EAEHIA
I, £HF FHo HISHA vAg €S ¢
F A(Tt. I-DF L &HAA S H e v T
M s B4c a2y I-U £33 8E dE &
HAA A el Hsle] 18% WL ME nYZAU
S35 EWAA 732 Y& & F UG
ol A¥tE II-U &3 %9 & CR W&o g4t
2L Z2AFY 47 g FEF NS JHE
i Zolat Azac,

4 2 E
ZYEe HHo & §HgnzHY AF
< A7) st Al-4wt. % Cu 3ol uig
GTA £H% $xnzxAg gasix.
1) I-U &3Fe Z71e I-D3} Lo v&
22% Z7}statt.

2) GA, 1-U 83459 A% II-Da L4
Hla] ¥ A 3 eI

3) £3F HEWA II-D &F¥gnx3e o
2 columnar 7+Z& B9, 2FAAZEL
(Vs)¥& 'S-shape’®] ¥EHIZA S B,

=\

N

O\

8

4

-

0 1 2 3 4
(8} Deptn rom the fsion boundary, z (mm)
“

—s— Parallel-down

1N

0 1 2 3 4 - 1 2 3 4
(B)  Depth from the fusion boundary. z (mm) (€} Depth from the fusion boundary, z (mm)

" e Parallel-up

12

Primary dondrite l:odng -0:"\)
AN

AN

4

-
-]

Figure 4 The primary dendrite spacing (M) as
a function of welding orientation
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