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ABSTRACT

In this study, MIG welding was performed on extruded 6005A-T6 material, which is used in the base panel
of railway vehicles. The material was considered as the experimental base material, and argon shielding gas and
ER5356 and ER4043 filler metals were used as the consumable welding materials. Welding coupons were
prepared under various welding conditions by using an auto-welding system that various welding conditions
applied 2.5Hz and 4.5Hz the pulse frequency of SynchroPuls function of welding machine and 1.0mm and
1.5mm of root face affect the weld penetration of welding joint. The welding current and voltage were also
varied for this testing. On the basis of the results obtained, optimum welding conditions are proposed.
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Table 1 Chemical composition of 6005A-T6 Aluminium
profile raw material(Al: remainder)

Chemical composition(wt,%)
Si Fe | Cu | Mn | Mg | Cr | Zn Ti

Sec.

Spec 0.5~ | Max. | Max. | Max. | 0.4~ | Max. | Max. | Max.
PeC- 1 09 [ 035] 03 | 05| 0.7 | 03 | 02 | 0.1

Act. |0.612]0.134|0.016{0.125]0.511]0.071 |0.035|0.021

Table 2 Acceptance criteria of tensile testing and hardness
testing for unwelded 6005A-T6 Alloy

S T/S Y/S E/L Hardness
¢ | (N/mm?) | (N/mm?) (%) (HV)
Spec. | Min. 255 Min. 215 Min. 6 Min. 98
Act. 272~275 238~242 7.4~9 107~109
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Fig. 1 Cross-section view of aluminium railway vehicles
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Fig. 2 Configuration of auto MIG welding system

183t A &
g 24 ot

Table 13} Table 29 A= 6005A-T6 T2 A&
ZIAH A gig &4 71E 9 A YA AF
A7 7k el AT Fig 1914E 4205 &
A o] At A EeF g =S Uep) Qlch

170C F-Zoll A 3~1547F QAFA &



AmAg stz A 27 B AT - VAV EA A204, A4s

22 A Fx9 74

Fig. 204 = A5 &3 Al2="le] 74 Yepiich

A I(JigFixture)= 2, §- H L] Fgol 2o] W3
S =2 XI5t Z2 Y dEAE SRz Y3l 1%
A7)a, A2Ee & AolE 3= ZEE
(Control pane)¥} 8-371& ®AlstaL o]t 84S
T sl= HE T (Gantry)Z T =] Ut

GFuE T2 AEAE S48 f% 8371
+ Froniusiit®] TPS 5000 MVZE ulo] & ZZ M| A o
ol AlojEle tAY AHE 857 500A5S 283t
ATt

O

¢
It

il

23 AE B MY

43 AE AL 9 8 AFE gg9] 4714
FES ARt 2 Wl ot 85719 28 EL
2 ZAF, Mo HEghs AAsle Age 9 AA
< A FskTh

A7), £71A= AWS D1.2/D1.2M(Structural Welding
Code-Aluminum) 77 | A] %1 3}= ER4043, ER5356
o] 27kA AbFS A 83T

E4), 8747]2 SynchroPuls 7]1%2] Pulse F35Z
2.5Hz, 45Hz9] 27} 2 283}t SynchroPuls 7%
& MIGEH Al €%719] Pulse 35 0.5~5Hz H$
o Al dElsle] 8¢ Ziol9} Hi=e Ygol HstE =
T el FaFvt #5575 89 Zolvt Ak

Fig. 39l4= ¥4t MIGE3 7} SyncroPuls 715
283 MIGEH =9 28-S Hlws) Bk, §2¢]
A57F &5 v 3o ¥ mEg AS & & Uk
P AF MIG £ HE AFsts A% ot A=
B A8t mAje] dWE S HAsetal L2
7] B YA F Adve A= dEA Qo

AR, 87 o] FH-2 FE HO|X(R/F, Root Face)S
1.0mm, 1.5mme| 27}A 2 283l 83 20 wl&
499l AolE AESAL

mm
e o
N

¢

>'_\|I., m[
3

rU

riu

(a) General MIG
Fig. 3 Welding bead shape comparison of two type

(b) Syncropulse MIG

Table 3 Welding test coupon item

Section ER5356 ER4043

Sync. Hz | 2.5Hz | 45Hz | 4.5Hz | 2.5Hz
R/F(mm) | 1.5]1.0/1.5]1.0/1.5]1.0]1.5]1.0
150A,20V
160A,20.5V
170A21V
Lower| 180A,21.5V
190A,22V
200A,22.5V
210A,23V
165A,20.5V
175A21V
185A,21.5V
Upper| 195A,22V
205A,22.5V
215A,23V
225A,24V

Stiffener of aluminium profile

Fig. 4 Stiffener of under frame aluminium profile
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Table 4 Fixed welding variable for welding coupons
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Section Fixed variable
Process MIG(Pulse)
Welding method Type Auto welding
CTWD 16 mm
Parent material specification 6005A-T6
Polarity DCRP
Welding position PA
Filler metal Diameter 1.2 mm
. Type Ar 99.99%
Shielding gas ) W Tate 25 U/min
Welding speed 62 cm/min
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Fig. 5 Shape of welding joint

Table S Dimensions of welding joint

Section a b S Root gap
Welding 70° Imm or 4.5mm 0~
joint (35°x2) | 1.5mm : 0.2mm

Fig. 6 Welded coupon for mechanical property testing
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Min. 20mn
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Min. 20mm
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Fig. 7 Specimen for Macro testing of aluminium profile
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(b) Root face 1.0mm, 150A~190A, 2.5Hz and 4.5Hz
Fig. 8 Macro section of lower welding by ER5356

(b) Root face 1.0mm, 175A~215A, 2.5Hz and 4.5Hz
Fig. 9 Macro section of upper welding by ER5356
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Table 6 Result of Macro&Appearance of welded coupon

Section ER5356 ER4043
Sync. Hz | 2.5Hz | 45Hz | 4.5Hz | 2.5Hz
R/F(mm) |1.5/1.0/1.5|/1.0|L.5 1.5]1.0
150A,20V
160A,20.5V
170A21V
Lower] 180A21.5V
190A,22V
200A,22.5V
(a) Root face 1.5mm, 160A~200A, 2.5Hz and 4.5Hz 210423V
165A,20.5V
175A21V
185A,21.5V
Upper 195A,22V
205A,22.5V
215A,23V
225A,24V
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Table 7 Classification of three different welding quality

Section ER5356 ER4043

Sync. Hz | 2.5Hz | 4.5Hz | 4.5Hz | 2.5Hz
(b) Root face 1.0mm, 150A~180A, 2.5Hz and 4.5Hz R/F(mm) | 1.5]1.0 | 1.5 1.0 15 15110

Fig. 10 Macro section of lower welding by ER4043 150A.20V

160A,20.5V
170A,21V
Lower| 180A,21.5V
190A,22V
200A,22.5V
210A,23V
165A,20.5V
175A21V
185A,21.5V
Upper 195A,22V
205A,22.5V
215A,23V
225A,24V
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Table 8 Quantity of three different welding quality

Section o AN X
ER5356 23 4 13
ER4043 0 18 20
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(b) Root face 1.0mm, 165A~205A, 2.5Hz and 4.5Hz 23 £4& 71Fo2 Ak AL ZHodA ol
Fig. 11 Macro section of upper welding by ER4043 IMA =HE 53T
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