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Metal transfer classification by ARMA model and weldability
evaluation in Aluminium MIG welding

Lee, Ji Eun

Department of Mechanical Engineering
Graduate School of Pukyong National University

Abstract

With the concern on environmental pollutions like global warming, many
studies are concentrated on the development of alternative source of energy,
in order to reduce the consumption of coal which generates green-house
gases. To replace the fossil fuel, liquified natural gas has noticed, and at
the same time the demand of LNG carrier is increasing. Aluminium which
is one of the materials of LNG storage tank has high thermal conductivity
and thermal expansion, so it causes pore or crack in weld zone.

Thus in this paper, butt welding type I on AI5083-O 3t was carried out
with MIG welding. The experimentations was designed by orthogonal array,
and complete joint penetration fullfilled with one pass in 3mm plates. The
influence of heat input on tensile strength of weld zone was also analyzed
by analysis of variance. The algorithm of real time monitoring system based
on ARMA was suggested to not only assure the quality of weld zone but

predict the metal transfer.
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"/ Gaseous shield
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Fig. 2-1 GMA welding process
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Fig. 3-1 System of experiment(Fit-up device)

o3 Typ. Ta=25"C)

e
L 5]

PHOTO SENSITIVITY {A/W)
e e

0.05

150 400 600 800

WAVELENGTH (nm)

Fig. 3-2 Spectral response range of G1127

_17_



Table 3-1 Chemical composition of Al 5083 (wt.%)

Elements | Si Fe | Cu | Mn | Mg | Zn | Cr Ti Al

(%0)

0.11 | 032 { 0.02 | 0.53 | 4.47 | 0.07 | 0.01 | 0.03 | Bal.

Table 3-2 Chemical composition of ER 5183 (wt.%)

Elements | Si Fe | Cu | Mn | Mg | Zn | Cr Ti Al

(%) 0.40 | 040 | 0.10 | 0.70 | 45 | 0.25 | 0.15| 0.15 | Bal.
Table 3-3 Electrical and optical characteristics
Spectral Peak Photo sensitivity(A/W)
response sensitivity
Hg Gap He-Ne
range wave-length .
A line LED laser
(nm) (nm)
254nm | 560nm | 633nm
190 to
G1127 630 610 0.18 0.035 0.17 0.17

_18_




B Ao A= A3 A& W (design of experiment)ol]l wel 23S 7835}
Ak AAAHLE Aol g AGYES rlety, @
Al disl A 7IHoR HAo AR Ao HRE 45 T I
E7He Agshs Bolgta A = Ak A A Gl HAF A

Z] W (full factorial design)©] YHFA o 2 AL&F|L} o]
© %ol el 23S ddstr] wjitol] vt JAAE e fokst

Lk
=A% e 49e AYsior Muz, Ao A7 vgo] wol 228

o

o kA B =el e I A W (fractional design) & SFLFQL 2l Hj
& W (orthogonal design)= ©]-&3to] AHS A A|HSITh

B AFA AL AAMTS FFS Table 3-4 9F 2o, AARMTR

rr

44 A (welding current : WC), &3 % FF(level of welding
voltage : LWV), &3 & X (welding Speed : WS)E A}-&3}3 Tt & 23 ol A
AH&%l DAIHEN &73719] 45 A8z 3o IgH== A
o] Holgle], AN 4 ALY s % B X756
ol AAMTRE &4 d 5 ol&sigla. 4 AAwTY FE2
BOP(bead on plate) 7| % A3 S vlgoz AUdd
Aol Yo x= HAAstqlt.

7 Ao e &4 AFE 80, 95, 110, 125A =2, &7 A4 52
0, 10, 20, 30% = 3}¥ L, 84 5+ 6, 7, 8, 9mm/sec & 47O 2
Stk 12]ar Al W] E H(table of orthogonal arrays)®] 457 L, (47) S

Agstel 4ES F 168 FPstan.

L8 CTWD 15mm & EX7F A ¢} o7 848 S35 2
Bkl AREE A7 7EEE 99.9% OoFEE7FE 20/min &2 FH 8
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t} 283l 848 94X =(continuous wave mode : CW mode)Z 38 &

ok &4 AAE Pgoz dFnlE Ahseh(oxidation film) A A 2 &
Aol AL 9okl &AM ofAESRE Aol AMEE EAE Wi
2 H Q12| 2 B & H(stainless brush)E ©]-&3sto] EAE Avtsldict. &4
T BAZe] A(gap)e] gl 1F BrHY] Ao ® &gttt e

al
D &R H7HE Hstel 16789 Al Al tisl A ES FH

_20_



Table 3-4 Factors and levels of orthogonal experiment

No. Factor Level 1 Level 2 Level 3 Level 4
Weldi

A elding 80 95 110 125
current(A)
Levels of

B welding 0 10 20 30
voltage(%)

Welding speed

C 6 ’) 8 9

(mm/sec)
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Table 3-5 Metal transfer by welding condition

No. Current Voltage WS Metal
(A) (V) (mm/sec) transfer
1 80 16.2 6 S
5 95 16.8 7 S
9 110 18.6 8 S
10 110 20.6 9 S
2 80 18.1 7 S+G
3 80 20 8 G
4 80 21.9 9 G
6 95 18.7 6 G
7 95 20.7 9 G
8 95 22.7 8 FG+G
11 110 22.6 6 FG
12 110 24.7 7 FG
13 125 21 9 FG
14 125 23.1 8 FG
15 125 25.2 7 FG
16 125 27.3 6 FG

S: short-circuit, G: globular, FG: fast globular
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Fig. 3-4 Step of short circuiting transfer
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Fig. 3-6 Step of globular transfer
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Fig. 3-8 Step of fast globular transfer
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Type I

Top view of bead Back view of bead Macro

Condition: WC=85A, WV=16.2V, WS=6mm/sec

Typell

Top view of bead Back view of bead Macro

Condition: WC=110A, WV=18.6V, WS=8mm/sec

Typelll

Top view of bead | Back view of bead Macro

Condition: WC=125A, WV=20.6V, WS=9mm/sec

Fig. 3-9 Types of bead shape at different welding condition
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Table 3-6 Results of tensile test

No. Current LVP Voltage WS TS
(A) (%) V) (mm/sec) (N/mm?)
1 80 0 16.2 6 55.05
2 80 10 18.1 7 39.60
3 80 20 20 8 -
4 80 30 21.9 9 -
5 95 0 16.8 7 81.21
6 95 10 18.7 6 198.23
7 95 20 20.7 9 38.98
8 95 30 22.7 8 113.40
9 110 0 18.6 8 272.79
10 110 10 20.6 9 285.08
11 110 20 22.6 6 286.39
12 110 30 24.7 7 283.06
13 125 0 21 9 302.29
14 125 10 23.1 8 282.13
15 125 20 25.2 7 272.95
16 125 30 27.3 6 212.36
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Table 4-1 Results of metal transfer classification by ARMA

Metal transfer by waveform

Metal transfer classification

No. and image of ARMA
1 S G

2 S+G G

3 G G

4 G G

5 S S

6 G G

7 G G

8 G+FG S+G+FG
9 S S

10 S S
11 FG FG
12 FG FG
13 FG FG
14 FG FG
15 FG FG
16 FG FG
12 S S
22 S+G S+G
32 G S
42 G G
52 S S
62 S S
72 G S+FG
82 G+FG G+FG
92 S S
10 2 S S
11 2 FG FG
12 2 FG FG
132 FG FG
14 2 FG FG
15 2 FG FG

*S: short circuit,

G: globular FG: fast globular

*Red: mismatch, blue: partially match
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Table 4-2 Bead shape of metal transfer mode

Metal Bead
Front Back
Transfer Type
|
Short Low heat input, Low tensile strength
circuit
I
Globular I
Low heat input, Fracture during machining
Fast
I
Globular

High heat input,

Bead deflection

_47_




MIG Welding &

Data acquisition

l

ARMA coefficient

l ,.

l

Short Circuit Globular Fast Globular
Type 1 Typelll
BAD BAD
= the voltage of ofh
signal = 2.0
i [9]
Typell Type |
GOOD BAD

Fig. 4-6 Quality estimation algorithm
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