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               Tensile Strength of the Micro-Resistance Welded Dissimilar Joint
Composed of Ti-Ni Alloy and Stainless Steel
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Laser welded joints of Ti-Ni alloy and stainless steel have been reported to have low joint 
strength because brittle intermetallic compounds are formed. In order to avoid formation of brittle 
intermetallic compounds, Pd was interposed as an insert material between the base materials and
performed micro-resistance welding of Ti-Ni alloy round bar and stainless steel round bar. The 
joint strength of the joints welded by the method was investigated in comparison with that of the 
joints which the base metal was welded by direct.

The results indicated that, Pd interposed as an insert material suppresses formation of brittle
intermetallic compounds. The joint strength of the joint was improved and reached the maximum 
value of 699 MPa. With respect to length of base metals melted L value, there was a threshold 
value and when the L value exceeded the value, the joint strength decreased.

Key Words: Micro-Joining, Micro-Resistance Welding, Joint Strength, Dissimilar Joint, Stainless
Steel, Ti-Ni Alloy

1

Ti-Ni
[1]

[2] [3]

[4]

Ti-Ni
[5],[6]

Ti-Ni

Mechanical Engineering Course, Graduate 
School of Engineering

[6]

Ti-Ni

127~
159MPa [7]

TiFe2 TiCr2
[8] BAg-8

Ti-Ni
Fe-Ti

200 250MPa
[9]

Fe-Ti
TiCr2

Ni TiFe2

TiCr2

372MPa [8]

BAg-8 Ni Ti-Ni
Fe-Ti

103福井大学 大学院工学研究科 研究報告 第66巻2018年3月
Mem. Grad. Eng. Univ. Fukui, Vol. 66（March 2018）



400MPa [9]

Ni
Ni3Ti

[8],[9]

Ti-Ni

400MPa
Fe-Ti

TiCr2

Ti-Ni-Pd 3
Ti-Pd

[10],[11]

Ti-Pd
Ti-Ni

[12] Ti-Ni
Pd

Ti-Ni
Pd Ti-Ni

Ti-Pd Pd Fe Cr
TiPd-Fe TiPd-Cr

[11]

Fe Cr Pd Ti-Ni

Pd Fe
Fe-Pd

[13]

Fe Pd
Ti-Ni

Pd

Ti-Ni
Pd

Ti-Ni

2

2.1
100μm 20mm Ti-Ni

Ti-56mass%Ni SUS304
NT SUS

#2000

1μm

Pd NT SUS
SUS

1.5μm Pd

2.2
Fig.1

CCD
X-Y-Z

NT SUS

0.11N/mm
Ar

0.4L/min 0.75mm

Fig. 1 Schematic drawing of experimental setup for
micro-resistance welding.
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Fig. 2 DC voltage pattern used for each preliminary
energizing.

Fig. 3 Electric current curves recorded during 1st and 8th
preliminary energizings.
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Fig. 4 Changes in resistance between electrodes with
      repeated preliminary energizings.
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Fig. 5 Plots of ܫ௜(݊)/ܫ௜௣ against ௜ܸ(݊)/ ௜ܸ௣ for 1st and
8th preliminary energizings.
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Fig. 6 External view of a joint.

2.5 ܳ௣ 45mJ

Qp 45mJ
(6) Vp(F)

    ௣ܸ(ி) = 3൫ܳ௣ + ௣(ி)ଶܫ ௣ݐ௣(ி)ܫ௣ܴ௖௘௥(ி)൯2ݐ (6)

௣ܸ(ி) ௣ݐ௣(ி)ܴ௖௘௥(ி)ܫ

Vp (=4.5ms)

௣(ி)ܫ ܴ௖௘௥(ி) (7) (8)

௣(ி)ܫ     ௣ܸ(ி)௣ܸ(ிିଵ) ௣(ிିଵ)ܫ (7)    ܴ௖௘௥(ி) = ܴ௖௘௥(ிିଵ) (8)

௣ܸ(ிିଵ) ௣(ிିଵ)ܫ ܴ௖௘௥(ிିଵ)
(6)~(8) ௣ܸ(ி) (9)    ௣ܸ(ி) =     ௣ܸ(ிିଵ) × ൬ ଷொ೛ଶூ೛(ಷషభ)௧೛൫௏೛(ಷషభ)ିூ೛(ಷషభ)ோ೎೐ೝ(ಷషభ)൯൰ଵ ଶൗ (9)

2.6
Fig.7

Fig.8

4mm 10μm/s
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Fig. 9 Variations of displacement between electrodes
with time for each energizing.
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Fig. 10 Plots of tensile strengths against length of base
metals melted.
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Fig. 11 Temperature histories at the middle points in the
cross sections of the weld joints: (a) laser 
welding and (b) micro-resistance welding.

3.3
Table1 J1~J6

B

Table 1 values of tensile strength B for the joints
directly welded.

joint ID J1 J2 J3 J4 J5 J6

B[MPa] 634 573 562 542 538 501

Fig.12(a) J1 Fig.12(b) J4
Fig.12(c) J6 SUS SEM

Fig.12(a) J1

Fig.12(b)
J4 J1

Fig.12(c)

J6

B

B

Fig. 12 SEM photographs showing fracture surfaces of
the directing welded for: (a) J1, (b) J4 and (c)
J6.
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SUS EDX Fig.13(a)

J1
Fe

Fig.13(b) J6
Fe

Ni Ti
Ti Ni

Ti Ni

Fig. 13 EDX images observed at the fracture surfaces of
the joints directing welded for: (a) J1 and (b) J6.
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3.4 Pd
Table2 Pd

J7~J19 B L

Table 2 values of B and L for the joints welded with
insert Pd.

joint ID J7 J8 J9 J10 J11 J12 J13

B[MPa] 699 671 657 652 635 631 614

L[μm] 11 14 6 10 10 14 22

J14 J15 J16 J17 J18 J19

545 528 525 523 513 503

19 23 11 26 15 36

Fig.14(a) J7 Fig.14(b) J8
Fig.14(c) J16 Fig.14(d) J19

SUS SEM Fig.14 J7
J8 J16 J19

B

B

Fig. 14 SEM photographs showing fracture surfaces of
      the joints welded with insert Pd for: (a) J7, (b) 

J8, (c) J16 and (d) J19.
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Fig. 15 EDX images observed at the fracture surfaces of
the joints welded with insert Pd for: (a) J8 and
(b) J16 and (c) J19.
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