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Fig.1 Combination of dissimilar materials joint required in the future.
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Table 1 Combination of dissimilar metals joint required in the future.

Combination of Metals

Steel

(including SUS)

(62.6%)

Aluminum
(18.3%)

Copper
(1.7%)

Titanium
(3.9%)

Others
(7.5%)

Percentage (%)
Steal/Aluminum 278
Steel/Stesl 9.7
Steel/Copper 6.7
Steel/Titanium 57
Steel/Magnesium 1.0
Steel/Others 11.6
Aluminum/Copper 5.8
Aluminum/Magnesium 29
Aluminum/Titanium 1.9
Aluminum/Aluminum 1.9
Aluminum/Others 58
Copper/Copper 1.0
Copper/Others 8.7
Titanium/Titanium 1.0
Titanium/Others 2.8
Others/Others 77

NEDO[E# B e Rt D ZEMEF 2 INEDO-ITK-0009(2001.3),68.

Table 2 Joining and welding process required in the future.

Fusion Welding

(41.3%)

Brazing (9.1%)

Solid State Welding

(28.6%)

Mechanical Joining

(6.1%)

Adhesion (10.6%)

Others (4.3%)

Joining and Welding Process Percentage (%)
Arc welding 16.2‘

Laser welding 129
Resistance welding 6.8
Electron beam welding 38
Gas welding 08
Others 08
9.1
Diffusion welding 45
Ultrasonic welding 45
Friction welding 3.0
Cold pressure welding 3.0
Explosion welding 23
Electromagnetic pressure welding 15
Hot pressure welding 15
Gas pressure welding 45
Others 3.8
Bolting 15
Crimping 08
Riveting 08
Others 3.0
10.6
43

NEDO[E# & Hiit ) EREHI 72 INEDO-1TK-0009(2001.3),68.
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Fig.2 Evaluation of feasibility of dissimilar metals joining based on phase diagram.
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Table 3 Feasibility of dissimilar metals welding related to phase diagram (for laser welding).

Ag | Al Au| Be | Co | Cu| Fe |Mg|Mo | Nb | Ni |

Pt Re Sn Ta | Ti | W

Welding of dissimilar metal joint of
Al/Fe and Ti/ Fe is very difficult
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1:Excellent(Solid solution) 2:Good(complex structure) 3:Fare(Unsufficient welding data) 4:Difficult(No

reliable data) 5:Unweldable( Intermetallic compound)

Table 4 Present state of dissimilar materials joining technology.

Combination of Dissimilar Materials Joining and
Present State in Industrial Application

1st generation: Same Kind of Metal and Alloy Joint
: Already applied
| Steel / Steel, Al alloy / Al alloy, etc. |
2nd generation: Different kind of Metals and Alloys Joint
: Difficult, but partly applied depending on the combination |
Steel / Non Ferrous metals (Al, Cu, Ti, Mg, Ni,_e_tg:;)_._etc. |

3rd generation: Dissimilar Materials Joint |
: Difficult

Metal / Ceramics / Plastics ]

Requirement for Advanced and Evolutional Research based
on New Idea
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AB061/SUS316 joint

Bonding temp. : 756 ~ 823K
Bonding tlmo : 0.3 ~ 10ks

Intermetallic compound layer
(IMC) was formed at interface

200} Bonding Pressure : 9.8MPa _I

AMmosprera < 10mPa Joint strength was controlled

by thickness of IMC layer
150 Max. joint strength appeared
at 1-2 um of IMC layer

Less thickness decreased
joint strength due to
unsufficient interface contact

Tensile strength (MPa)

More thickness decreased
joint strength due to fracture
in IMC layer

SDT
il i i L

0 1 2 3 2 5
Reaction layer thickness {um)

Kuroda et al: Quarterly J. JWS,
17(1999),484

Fig.3 Effect of reaction layer thickness on dissimilar metals joint strength
of Al alloy/Steel by diffusion welding (High temperature process).
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Table 5 Weldable interface structure for possible joining and welding
process evaluated from the result of published articles.

Possible joining process Interface structure

= Intermetallic compound IMC

. Fus_lon weld; due to heating at high temp.
High temp_erature Resistant weld.| . 1hjckness of IMC is a major
reaction Brazing control factor
e =Good joint can be obtained
Ciusion fveiss with less than 1 - 2um in
thickness of IMC
Pressure weld.

¢l *IMC can not be detected by
Low temperature | [ Friction OM and SEM observation
reaction with Ultrasonic | | - Amorphous layer of oxide
plastic metal flow || Explosion | | was detected by TEM with
FSW : several to several ten nm
*Oxide + IMC layer
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Lap joint: Defocused laser was
irradiated on steel surface to melt
Al alloy by heat conduction.

Butt joint: Laser beam was
irradiated at Al side to melt
Al only.
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Fig.4 Microstructures of cross section of laser welded dissimilar joint of
Al alloy/Steel (High temperature process).

A1050/SPCC lap joint:
Flux-cored filler metal
BA4047(AI 12%Si alloy)
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Fig.5 Dissimilar lap joint of Al alloy/Steel by MIG arc brazing.
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Application of FSW to dissimilar metals joining:
Cleaning and activation of interface surface by rotating prove
Low temperature and short time joining using plastic metal flow

Cross section of joint and prove position

(a)Butt joint (b)LaF’joint\\%>
Rota _.t-o-;l Rotating tool
T = il e =

Prove } o

= Al alloy

Joint interface

Joint interface
Okamoto et al:J.LMWC42(2004)49.

Okada et al: J.JWS 72(2003)436.

Fig.6 Application of FSW to dissimilar materials joining.
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Postion £ Bl

Fig.7 Friction stir spot joining of Al alloy/Steel dissimilar lap joint (Low
temperature process).
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CP-Ti

Joint area

Steel :

TEM microstructure at joint interface

Fig.8 CP-Ti/Steel (SPCC) dissimilar lap joint by FSW: (a) Joint
appearance after tensile shear test, and Cross sectional microstructure
of the joint interface by (b) OM, (c¢) SEM and (d) TEM.
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(b) Appearance of LAMP lap joint after tensile shear test

Fig.9 New laser Joining Process of metal/plastic direct joining.
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Friction lap joining (FLJ) of direct joining of
metal and plastic using friction energy

Friction heat generated
between a rotating tool
- | and Al alloy surface melts
plastic beneath Al alloy
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"R_ ¥ Plastic Joint zone
Tool pass zone e

Nﬂalk&y (Joint zone) I Plastic Al alloy
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Plastic sheet

Cross section of Al alloy
and Plastic lap joint

Plastic = Al alloy

Fractured at plastic base sheet
by tensile shear test of the joint

Fig.10 Friction lap joining of metal/plastic direct joining using friction
energy.
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Fig.11 Appearance and cross section of Al alloy (A2017)/plastics (EAA,
PE) direct dissimilar joints by FLJ process.
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Fig.12 Effect of surface treatment of Al alloy on joint strength of
dissimilar lap joint of A2017/plastics (EAA, PE) by FLJ process.
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Fig.13 Appearance of dissimilar lap joint of A5052 Al alloy/thermoplastic
CFRP by FLJ process after tensile shear test, which shows the
fracture at CFRP base sheet.
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