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ABSTRACT

A Study on Influence of Shield Gas
In Aluminium Allow Welding

Mo, Sung—Chang
Advisor : Prof. Chung, Jae—Kang Ph.D.
Mechanical & Metallurgical Education

Graduate School of Education, Chosun University

This study was to evaluate welding strength of AIS083-O aluminum alloy
according to the shield gas mixing ratio and heat input. The GMA(Gas Metal
Arc) welding of the base metal was carried out with four different shield gas
mixing ratios(Ar100%+He0%, Ar67%6+He33%, Arb0%+Heb50%, and Ar33%+He67%).
Tensile and Charpy impact test were performed from room temperature(+25C)
to cryogenic temperature (-30°C, -85C, and -196C). The specimens were
specified by base metal, weld metal, fusion line, and HAZ specimen according
to the machined notch position to investigate the strength of the specified weld

zones.
The summarized results from the experiment are as follows ;

1) Regarding the influence on the bead shape of the shield gas mixing ratio,
the bead width was greatest in pure Argon. But the bead depth and area
were greatest in Ar33%+He67% mixture considering that the lower Argon
gas ratio, the higher bead depth and area. Also, the dilution was also best

in the mixing shield gas ratio.

_|><_



2) The size and number of defects were least in Ar33%+He67% mixture.

Higher Helium gas ratio resulted less defects in the radiographic test.

3) The tensile strength was not affected greatly from shielding gas mixing
ratio, heat input, yield strength and elongation were not affected from heat
input. But, the higher yield strength and elongation were obtained with the

higher Helium gas mixing ratio.

4) The Charpy absorbed energy level was lowest in weld metal, and it
increased in order of fusion line, base metal and HAZ. Ar33%-+He67%
mixture resulted the best toughness and it can be consider the more
Helium gas results the higher absorption energy. The energy increased

with the temperature from +25C to -85C but it decreased at -1967C.
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Table 2—-1 Division of the aluminum alloy
Main
Examples Remark
components
Pure Al 1050, 1100, 1200
Non-heat treated Al-Mn 3003, 3203
type Al-Si 4032
Al-Mg-Mn 5052, 5083, 5086
Heat treated Al-Cu-Mg 2014, 2017, 2024
Al-Mg-Si 6061, 6063, 6NO1
type Al-Zn-Mg 7003, 7075, TNO1
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i, AR e WA e 7RG o) 9le dael e
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F : (As fabricated) #| %% 2= H : (Work Hardended) 7713 3 ¥
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Table 2-2 Chemical compositions of aluminum alloys for ship building

Chemical compositions
Alloy - Remark
Mg Si Mn Cr Cu Al

5052 2.5 - - 0.25 - REM

5083 4.45 - 0.7 0.15 - REM

5086 4.0 - - 0.15 - REM

5454 2.7 - 0.75 0.13 - REM IS
5456 b.2 - 0.75 0.13 - REM

6061 1.0 0.6 - 0.20 0.28 REM

6NO01 0.6 0.65 - - - REM

6082 0.9 1.0 0.7 - - REM

Table 2-3 Physical properties of the aluminum alloy

Aluminum ally Al-Mg
Al Mg
Properties (Al 5083-0)
Melting point (T) 660 650 595 ~640
Density (g/cm) 2.70 1.74 2.66
Latent heat (cal/g) 93 - 93
Average specific heat (cal/gC) 0.22 - 0.23
Thermal conductivity
0.53 0.38 0.31
(cal/cmC)
Young's modulus (10°kg/mr) 6.90 - 7.0
Coefficient of linear expansion
e 23.8 15 25
(107°/C)
Electric resistance (1Qcm) 2.65 35 2.65
Thermal conduct rate (96) 62 - 62
Melting point of oxidized
2,050 - -
substance (C)
Oxidized substance AlOs MgO AlO3, MgO
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Table 2-4 LNG ship tank types

Membrane type Moss type
Tank
Gaz Transport Technigaz
] Ball shape
Type Invar Membrane Ripple Membrane )
independent tank
i i Possibility of
) Heat expansion by |Heat expansion by ;
Properties ) i i stress analysis by
using the Invar deformation of Ripple |
simple shape
Material Invar (36%Ni) Austenite stainless Al 5083-0

Table 2-5 Using materials according to the designed temperature and

welding methods

Designed Tenmp.

Materials | Impact test temperature Remark
(DT, C)
t<25mm : -5C
-55<DT<0 C-Mn 25<t<30mn : -10T LPG tank
30<t<3bmn : -15T

-60<DT<-55| 15% Ni -65TC

-65<DT<-60| 2.25% Ni -70C

-0<DT<-65| 35% Ni -95TC

-105<DT<-90 5% Ni -110T

996 Ni -196C Ethylene storage

Austenite STS304(1), 316(L), 321

-166<DT<-105| stainless steel . and 347 for LNG tank
Al alloy et Al 5083 for LNG tank
369 Ni Invar steel




Table 2-6 Welding method for the materials

Design Temperature
(DT, C)

Materials

Welding method

Remark

-55=DT<0

C-Mn

SAW Multipass
FCAW(t=<30mm)
SMAW, Gravity

-60<DT<-55

1.5% Ni

SAW Multipass
FCAW (t<25mm)
GMAW
SMAW, Gravity

-65<DT<-60

2.25% Ni

SAW Multipass
GMAW
SMAW

-90<DT<-65

3.5% Ni

SAW Multipass
(GMAW)
GTAW
SMAW

-106=DT<-90

5% Ni

SAW Multipass
GTAW
SMAW

-165<DT <-105

9% Ni

SAW Multipass
GTAW
SMAW

LNG storage
Ethylene storage

Austenite

stainless steel

SAW Multipass
FCAW
SMAW

304, 316(1), 321,
347 and LNG ship

Al Alloy

GMAW
GTAW

5083, LNG ship

36% Ni

GTAW

Invar

_10_
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Welding wire
Shielding Gas / Conductor

supply  —g /

Welding direction
‘_
Wire guide

Electrode wire (Gas nozzle

NN

Base metal Weld pool

Shielding Gas

Weld metal

Fig. 2-1 GMA welding method diagram
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Fig. 2-2 Spray and globular transfer

(a) Spray transfer




(a) (c)

Fig. 2-3 Short—circuit transfer

N N

;\

i Arc ger_\eration
period

(e)

T2
o
l 3 "
<€ Generation

sappea(ance

Fig. 2-4 Relations of the complete short—circuit cycle,

voltage and current

Uy

Maximum pulse current

[©)
l Pulsed transition current r’d
l Spray transfer current range

Globular transfer current range

Current

Background current

Time

Fig. 2-5 Output current and transfer of pulse current
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Table 3-1 Chemical compositions of base metal and welding wire
(wt, %)

Materials Si Fe Cu | Mn | Mg Cr Zn Ti Al
Al5083-0

040 | 040 | 0.10 | 070 | 445 | 015 | 025 | 0.14 | REM
(base metal)

AlS183-WY

010 | 027 | 0.01 | 058 | 455 | 011 | 0.06 | 011 |REM
(welding wire)

Table 3-2 Mechanical properties of base metal and welding wire

(21.2mm)

Materials Y.S.(kg/mr) | T.S.(kg/mm) | EL (%) | Hv (100g) | E.(kg/mm)

AlB0R3-0O
(base metal)
ABIR3-WY

(welding wire)

190 34.2 14 102 7.0x10°

186 32.7 14 30 7.0x10°
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Fig. 3-1 GMA welding specimen

Table 3-3 GMA welding condition

conditions Pass Voltage Current Speed
Gas ratio(%) number (V) (A) (cm/min)

—_

19
21
23
21

Ar100%+He0%

21
23
25
23

Ar67%+He33%

24 220 40

26
28
26

Ar50%+Heb50%

27
29
31
29

Ar33%+He67%

O DN = i[OO [DND = [ OO [DN = [ [0 |
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Photo. 3-1 Macro—photograph and schematic diagram of the weld section

Table 3-4 Welder and working condition

Invert Pulse

HITACH 350 CAP2

Model
CAP I Sumitomo, Japan
Type and Type Invert
polarity Polarity DCRP
Welder Rolller 2 Roller U-Type
) Wire
Wire supply i i i .
' absorption | Wire heating (45C)
device )
device
Torch type | air cooling type
Sus granding
Cleaning
Sus wheel brush
Nozzle diameter 16mn (inner diameter)
Welding Stick out 15~ 20mn
conditions Torch angle Push 10~15°
. 1 pass 204 /min
Shield gas flow rate -
over 1 pass | 254 /min

Welding method

Semi-auto
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Fig. 3-2 Cutting method of the welded plate for specimen
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Photo. 3-2 Micro—structure of the weld zone (x100)
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Table 3-5 Charpy impact testing machine and test condition

142°

about bm/sec

25T, -30C
-85C, -195C

Angle

Impact speed

Test
temperatures

CIEM-30

s m

30kgs

TORSEE, Japan

Model

Capacity

Maker
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Weld metal notch

Fusion line notch
HAZ notch

A}
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Fig. 3-5 Geometry of Charpy impact test specimen

(a) Weld metal specimen

(b) Fusion line specimen

(¢) HAZ specimen

Photo. 3-3 Welded impact test specimens

_30_




t 500041 € 2] AIS083-OA1 7} st A7k Ag7]o F=2 A

3|
«

Aol A ARS

2

al

s

‘gl o
g7k~ Ardt Hedl

23 AEFnE 42 /A

162 A

ok _
2

o=

=

)=l
=

Al A

GMA &

;on_

o}

A=A

oF2mm H o A

o 2 EHH

AY:
-85T Al

ANEAZS AdH

Fsict -30C

S

=i
=

=

A5 3

9

4

7
23!

B
"o

Mo

4

A st

—_
"o

oA

il
M

e

14528 Sao

ol 5
ol %

& 9

!

=
=25

o #

oF

T

A

H

1) el

s

kA A2

= 6 29 o 3CH

—_
"o

ol

LEE 4y

Faich whebA

S

_31_



o]= win o] 2% o] o3 oF +15C9 7w oA dAsA A

o EF -196C A A 5 e dAAAn AAS o] gkt
O

Solenoid
Yalve
in '
; a
Chawber |
out
.‘_
\ e
double insulator Liquid
. Thermocouple Gas
Copper pipe /
SR,
.
" Temperature | 4——

Controller

Fig. 3-6 Schematic diagram of low temperature testing chamber apparatus
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B Aol Aed Adv)ve Al Age Be 2.
Table 3-6 Testing equipments
Equipments Model Specifications  |Remarks
MIG/MAG/Co. Hitach, |Inverter Pules type
GMA Welder
350 CAP2 350A
Universal testing M/C|UTM4206, Instron, USA 15 Ton
CIEM-30, Shimadzu,
Impact testing M/C 30kg-m
Japan
Radiographic tester Hitach, Japan 150KVP
BHC-U, Olympus,
Optical microscope %100~ 2,000
Japan
Polisher C-POS2, Jeil, Korea 160W

Digital camera

DC-4, Ricoh, Japan

600,000 pixel

Planimeter

KP-90, Koizumi, Japan

within +0.2%

hardness tester

Micro-Vikers, Shimadzu,

Japan
Inert - Certificate of Analysis, fnder ¢
nert gas mixture cylinder type
USA
Low temperature 180%120x130mm
chamber (bx1xh)
Temperature controller| TAM-B3RPOC, Autonics| -99.9~1999T
Thermocouple C100/1215S, Korea -200C ~800TC
Solenoid Valve SEV-603BXF, Japan -200C ~400TC
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Photo. 4-1 Photographs of the bead shape measurement
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Fig. 4-2 Relation between the bead width and the welding heat input
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Fig. 4-3 Relation between bead geometry and the welding heat input
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Fig. 4-4 Relation between bead geometry and the welding heat input
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-

Low Middle High
(a) Ar100%+He0%

Low Middle High
(b) Ar67%+He33%

Low Middle High

(c) Ar50%+Heb0%

Low Middle High
(d) Ar33%+He67%
Photo. 4-2 Photographs of radiographic test film
(L] : test sight(10mmx10mm))
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Table 4-1 Radiographic inspection results

Defect size
Total
Mixing shield and numbers Evaluation
] defect
gas ratios under 1.0 result
~ score
1.0 2.0
L 12 0 13
Ar100%+He0% M 7 2 11
H 4 2 8
grade
L 8 2 12
2
Ar67%+He33% M 9 0 9
H 5 0 5
L 7 0 7
Arb0%+Heb0% M 4 0 4
H 3 0 3
grade
L 2 0 2
1
Ar33%+Heb67% M 0 0 0
H 0 0 0

(L : Low heat input, M : Middle heat input, H : High heat input)
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_46_



B I TDACRE AT
oo
902020 200000002000 00 0000000000 0. 0. 0,00, 0. 0.0 0

P 0.9.0.9.0.9.0.0.9.0.0.0.0.0.9.9.0.0.0.0.9.0.0.0.

R O T T s
(00,0, 950,900,000 0 0.0.0.0°0.0.0.0.0.0.0.0.0.0,
m M.w ORI RN LI T e retattatote!
[)]
T T
o ¥ +
R
g
28 ¢
©
S <
-y
2
24
o R
o
£ mq& A N e oot
% —
$3ze AN
= m + T NN
X
3 m ~
nm T e
< <
RN
—Y——T——7T—7 7777
8 8 ¥ 8| 8 8 K °
- -— - -

(edW) y

o
S
ibuans pIBIA

High

Middle

Heat Input

Low

BM

A\

Mixing shield gas ratio

—A- Ar50%+He50%

—Q- Ar100%+He0% —O— Ar33%+He67%

—[- Ar67%+He33%

—@ - Base metal

o O
0

0
High

0

A\

3

S

Middle
Heat Input

Low

Fig. 4-8 Relations between yield strength and heat input

_47_



S
T ?
2
T = ®
PRXRXEXXEXXXIILEAI] T D
g B s o m 5
[} —_— T L
I r ¥ ®
-
[ N © o wOm o)
o a [ e R
4 &
Beg e w <<
7] ol
© o
Aol 549
2 °
m % R 0005020502076 02020°0°0 02020 W % % %
[ s 2_ 33
D _ OB SO S ©c T @
£E S I QO x © + L
S RS £Ez3
= m X O
242k 3% 2 ®
M < <
ONE] | &
—_— ——T—T 1T
o (o] [} o (o] o o
S 8 3 g & 2 S8 8 8 R 8 8 ¥ 8 R
= =
(o) ule S JUSDISH WNWIXE (%) uleng juaosiaq wnuwixep

High

Middle
Heat Input

_48_

Low
Fig. 4-9 Relations between maximum percent strain heat input



= %

R EEERE

_EH

107%~10"sec ool A o}

ko3
T

fg -2

9

3

& S AGORN 33779

al

Zdail

]

W

29 A

B

ol

—_
"o

al7

O

ol

—_
"o

Fig. 4-10

SIS

Agnc A5 %

-
_EH

d
3

No

ah

Hr

©

=
S

olth. 1ol vhebd whe} o] BE ApE

1}

e e

[e]
T

Aozl witel v wrent A9

Figs. 4-11~13+

e

=
5]

gl uebd mhe} go] BE Aol Al A o2 Hed ARE-Hl

SIS

BN
T

_EH

=
T

L

[e]

Hol Ar33%-+He67%<] 74 71%

FAY A AU

T =
5%

Aot A el

™

"k

o]

_EH

o
2

oo

iif]
™

B

:.0D
23!

etz Ut ™o ek vlel Zol EAE

s

Fob7F —196C ol A +=

Z=7}8]
#d

=
=

A g oz -85 T7A 27} ol dAs

oA A| gL

BN
T

ABol Uehde

Z 0]
1o

e ema FAL0AE Ha

_49_



& T Uk

Figs. 4-18~21% AlE9H < dlx4e] 2 2 Ar33%+He67% Al @He] ot
load-deflection curve®A Z+zF +25C, -30TC, -8C = -196T oA A3 A o]t}
oA veERd vlel o] A RmUF volds s FHdeke S xEF Fletr)
196 o= 2A F7keke Aol ved Wi, Wels +25T ~-BT7HA =
T Apol7b gllent 196 C oM+ & ZA4E WEUATh £33 §2a55 A1gA
S AR #Agle]l B Hdoks R WeE WEal o, Hed 3%
F4olA e Zohale] Ar330+He67% E@vlo] A Aol 713

+

>~

O

o]} o wFolrol Serverst Tetelman™o] FAdT 9y HHRTALL &
W, 2EHQ £, AR A, dde) @Ry Ak 5o o % wike, A
= 2 A= E4 7o A7) % gl wet Hedns A £ 2 4
shar glok ®eh, 2=wste] mE FAA-S dubHoR b Ashghel et
sttt oj| @Ak wmashd 3743 gaddVa sigont duHoew
de AAAFAAL] Fxe & Aol AR Ane AN AAe] T2
A Azl AL §l7] el Adeldt Awr) dojpivhal ArhE

_50_



T 9- -9

_g 8+ ° -8

o 7- > L7

t

o 6+ ® -6

£

2 5- L5

5

£ 4 4

2 3 L3
r 3

& 2 L2

g -

L 1-: .—1
0 d 1] v | v L v 1 v | M 1 v ] T 1] o

0 1 2 3 4 5 6 7 . 8 ' 9 ' 10
Energy by Manual (kg-m)

Fig. 4-10 Comparison of the energy between manual

impact and instrumented impact test

_51_



80
754
S 701
65 . Weld Metal Specimens
§ 60 —QO— Base Metal
Q 55 —O— Ar100%+He0%
5 1 —A— Ar67%+He33% |,
Lu 50 - L~
© —7— Ar50%+He50%
& 1 —O— Ar33%+Heb67%
6 25 T /O\Q\o
§ |
- 20 1
e
8 15
o ]
10 . ' . ' ' . ' . S
-200 -150 -100 -50 0 50
Temperature (°C)
100
~ 90 - Weld Metal Specimens
) - [ Base Metal
80 4 Ar100%+He0%
§ 1 — — ] B Ar67%+He33%
2 701 ArS0%+He50%
(ITRC Bl Ar33%+He67%
g o
2 507
S 40-
2 30 -
2 .
= 204 oz
o : Uk R
S 10 é é
0 Yl Y
-30°C -85°C -196°C

Temperature ( °C)

Fig. 4-11 Relations between Charpy absorbed energy and

temperature and for weld metal specimens

_52_



o4}
an

—~ 11| Fusion Line Specimens
2 80| —O-Base Metal
6 4{| —O—Ar100%+He0%
S 75| D ABT%+He33%
L 7 || 7 Ars0%+He50%
w —— Ar33%+He67%
- 70-
§ !
O 654
§ ]
> 601
g— ]
£ 554
0 9
S0 1 B ¥ 4 T . T T T T
-200 -150 -100 -50 0 50
Temperature (°C)
110
100 : Fusion Line Specimens
5 ] [ Base Metal Ar50%+He50%
90 1 Ar100%+He0% [l Ar33%+He67%
& 804 B2 Ar67%+He33%
) |
o 1M
G 707
-8 60 ]
£ 50|
2 ]
2 4
> 301
e_ E
o 204
~ 4
O 104
0

+25°C -30°C

Temperature ( °C)

Fig. 4-12 Relations between Charpy absorbed energy

and temperature for fusion line specimens

_53_



105 ]
i HAZ Specimens
S L ]| —O— Base Metal
~ 95~ —{1 Ar100%+He0%
B go.]| O ATHR+He%
o ]| —7— Ar50%+Hes0%
G 85| —O-AB3%+HesT%
E 80-.
‘g 75-:
2 704
> 654
e_ .
o 604
P o E
O 55-
50 T T T ¥ T M T v 1 v
-200 -150 -100 -50 0 50
Temperature ( °C)
130
120 J HAZ specimens

[ Base Metal Ar50%+He50%
Ar100%+He0% [l Ar33%+He67%
Ar67%+He33%

—_ -
P OO =
O O oo
Lad o 1 a1

Charpy Absorbed Energy (J)
D
o

-30°C -85°C
Temperature ( °C)

Fig. 4-13 Relations between Charpy absorbed energy and

temperature for HAZ specimens

_54_



1201

~ 1104 Tested at 25°C
21004 | [ Base Metal Ar50%+He50%
0] U770 Ar00%+He0% I Ar33%+He67%
7| B A67%+He33%

704 [ ] ]

Charpy Absorbed Energy
A
o

Weld metal Fusion line
Notch Position

Fig. 4-14 Relations between notch position and Charpy
absorbed energy at +25TC

~ 1104 Tested at -30 °C

1| [ Base Metal Ar50%+He50%
4 Ar100%+He0% [l Ar33%+He67%
90| BRI AB7%+He33%

704 T

1
SR
8%

N
%

3
5

1
%
5

0209,
SRS
Soses:

Weld metal Fusion line HAZ
Notch Position

Fig. 4-15 Relations between notch position and Charpy
absorbed energy at -30TC

_55_



Tested at -85 °C
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Fig. 4-19 Load-deflection curve for Ar33%+He67% weld
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