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Latest Trend of Joining Technologies on Aluminum Alloys and Kobe Steel's R&D

Seiji SASABE

Innovative joining processes such as friction stir welding, laser welding and hybrid laser welding have been
developed in the field of aluminum joining and are gaining industrial interest in regards to high weld quality
and high productivity. These processes have begun to be applied to several real structures. This paper
surveys these various joining technologies and introduces Kobe steel’'s R&D, including our original

technologies.
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Fig. 1 Comparison of joining energy on various joining processes
in case of 2mm t butt welding (O lamp-pumped YAG laser [
hybrid welding of lamp-pumped YAG laser with MIG O CO,
laser O LD-pumped YAG laser [ Laser Diode O TIG O MIG
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Fig. 2 Comparison of distribution of hardness (Hv) in welded joints

on various joining methods

(LBWO YAG laser welding, L&MOYAG laser 0 MIG hybrid

welding, FSWO Friction stir welding, T-MIGO Tandem MIG,

MIGO Metal inert gas arc welding, TIGO Tungsten inert gas

arc welding)
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Table 1 Effect of joining process on micro-crackings in various
aluminum alloys

| welding 6063 5182
welding - -
method rate_ JIS Si Cu JIS Si Cu
(m/min)|base| 0.7 | 1.0 |0.15| 0.3 [base| 0.2 | 0.4 |0.15| 0.3
MIG 1 o O A o a o ] A o ]
2 o o ] o o o o O o o
YAG 3 o o o o o o o o o o
7 o o o o o o o o o o

eutectic or melting phase in bond aredJrare recognition o O a littled O more o
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Table 2 Comparison of welding schedules on 2mm thickness butt

joints
MIG YAG Hybrid Hybrid/YAG
Welding 1.67
speed (m/min) 0-95 8 ° (productivity)
Laser 0 4 2 0.5
power (KW) (reduced photon cost)
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hybridC gapO 1.6mm
12,000

YAGO gapd 0.8mm

Hybrid
[4.0kW, 200A, 3.0m/min]
10,000 oo e g\

MIG [130A, 0.95m/min] .
S O OO O O

8,000 YAG [4.0kW, 3.0m/min]

6,000 [ A X [
Weld typeO Fillet lap joint | Y,
Materiald AG063S-T5 |
ThicknessD 2.0mm ¥ ¥
4,000 i e ‘
0.0 0.4 0.8 1.2 1.6 2.0
Gap of lap joint (mm)
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Fig. 3 Relationship between gap and tensile shear strength on
various joining methods

Tensile shear strength (N)
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Fig. 4 Comparison of micro crackings in tandem MIG welds with
single MIG
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Fig. 5 Copmparison of micro-structures in tandem MIG weld metal
with single MIG
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Fig. 6 Example of application result in practical aluminum welding
by added torch (Base metal: A5454P-H112, Welding current:
200A, Welding speed: 120cm/min)°’

84 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 58 No. 3[J Dec. 2008



s00p0booboooobooooboon

0ooo0000oooOooooooco,000000000
0000000000000 00000000000on
0000000000000 000000000000
000000000000000000000 3%00
0000000000000 00000000000o
00000000000D00000ooooooooo
0000000000000000o0ooooooogo
gooooogo

0000000000000 00000000oooo
0000000000000000000000000
0000000000000 "
00000000000000GADODOOOODOOOO
gspCcCOOO0DODODODODOOOOOOOOO
0000 Fe-AlDODODOOOOO0DODOODOOODODOOO
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
00000000000 FeAlDODOOOOODOOO
0000000000000 0000oo00ooooo
0000000000ONODO0DODMOO0oooooo
0000000000000 00000000000n
0o %o

000000000000 000o0oonoooooo
700000000000 D0000O0000DO0O
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000 MIG
0000000000000000000
000O0GcGAODDODOODO0OOOODODOOOOOO
0000000000000 000000000000
000000000800 00000000O0® 00

@ A7
[ Tss | CTS
Weld condition O Weld currentx time 13.5kAx 100msec

Electrode CrCu @ DR40 tipdiameter @ 6mm
Weld pressure 2.9kN

4.0 SPCC GA AIumi_niz_ed_ ste'el'
35t (for dissimilar joint use

ol i

TSS | CTS | TSS | CTS | TSS | CTS | TSS | CTS
6K21 6K21 6K21 5182

Tensile shear & cross tension strengthT (kN)
N
o

07 00D0O0OO0O0OO0OO0DOOOOOODOOOOTSSmoOOoOO0
ooocTsoooooooooooo ™

Fig. 7 Comparison of tensile-shear strength (TSS) and cross-tensile
strength (CTS) in resistance spot welds between the
combinations with various steels **"
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Fig. 8 Effect of filler wire on tensile-shear strength in lapped fillet
welds by laser-braze welds of combinatoin GA steel and
aluminum
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Table 3 Classification of dissimilar metal joinings and its applications in automobile field

spot-joining line-joining face-joining
Rivetting
Mechanical joining Clinching TOX, TOG-L-LOC
Screw
Chemical ioinin Mechanical-bonding Adhesive
J 9 Weldboding Bonding
Friction welding
. . FSW-spot Friction stir welding(FSW)
solidus-solidus . . . LI
Ultra sonic bonding Magnetic pulse joining
Metallugical joining Magnetic seam joining
. - . . MIG braze welding .
solidus-liquidus Resitance spot welding Laser braze welding Brazing
liquidus-liquidus

Real application our R&D (by new developed aluminized steell
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Fig. 9 Appearances of transformation in single-lap fillet welds by
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using various aluminum alloys after tensile testing
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