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3.5. Spot weldability
3.5.1 Range of suitable welding current

The current range, from the minimum current required to give a nugget diameter of 4+ t( 5.06 mm in the
present test) to the current resulting in the onset of expulsion was adopted as the suitable welding current
range. We employed DR-shaped electrode of d=6 mm shown in Fig.13 and carried out spot welding on
the basic conditions in Table13. Table14 lists each condition and its measured nugget diameter.

It is concluded from Table14 and Fig.5 that the minimum limit current is 6.3 kA and the suitable current
range is 2.5 kA (Table 15). Photo.5 shows typical cross sections of the welds.
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Fig.13 Electrode shape reference : JIS C 9304(1999)

Table13 Base conditions for spot welding

1%Cr-Cu dome type ¢ 16mm tip (nose) ¢ 6mm(R40)
29cycles/50Hz

270kg

15cycles/50Hz

holding|time 1cycles/50Hz

il el e [ife\iE1 AN top and bottom  2.5L/min.

Table14 Conditions for spot welding and diameters of nugget

welding|current(KA)F| weldithickness(imm) m nuggetidiameter(mm)
1 4.6 —

3.1 none
2 4.9 3.10 none 0.99
S 5.2 3.11 none 2.54
4 5.5 3.1 none 8.0
5 5.8 3.09 none 4.24
6 6.1 3.08 none 4.78
7 6.4 3.07 none =
8 6.7 3.07 none .28
9 7.0 3.04 none -
10 7.3 3.01 none 6.05
11 7.6 3.00 none -
12 7.9 3.00 none 6.40
13 8.2 2.94 none =
14 8.5 2.92 none 6.86

15 8.8 2.82 expulsion =
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Photo5 Cross sections of welds (Enclosure line is appointed at suitable welding current range)
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Fig.14 Weld growth curve (nugget diameter against welding current)

Table15 Suitable welding current range

thelowestlimit current (4y/At) 6.3kA
the upperlimiticurrent (expulsion) 8.8kA
Suitable/currentrange 2.5kA

3.5.2 Evaluation of joint strength

We carried out the tensile shear strength (TSS) test and the cross tension strength (CTS) test as shown in
Fig.15, where the current 6.3 kA for spot welding was employed by considering the lowest limit current
which would deliver nugget diameter (4+/1).

PE-

(a) tensile shear strength (TSS) test ) cross tension strength (CTS) test

Fig.15 TSS and CTS tests
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Tables 16 and 17 show the performance of the weld joints and the average joint strengths, respectively.
Both of TSS and CTS tests show that the fractured modes are of the mother metal plug. And both of the
strengths are higher than those of conventional mild steel sheets, indicating sufficient joint strengths.
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Table16 Results of joint performance tests

welding|current;jweld thickness nuggetdiameter, jointstrength
e ] e O
6.3

TSS (kN) 1 3.1 none mother metal plug 11.21
TSS (kN) 2 6.3 3.10 none mother metal plug 11.09
TSS (kN) 3 6.3 3.11 none mother metal plug 11.16
TSS (kN) 4 6.3 3.11 none mother metal plug 11.31
TSS (kN) 5 6.3 3.09 none mother metal plug 11.21
CTS (kN) 6 6.3 3.08 none mother metal plug 8.77
CTS (kN) 7 6.3 3.07 none mother metal plug 8.65
CTS (kN) 8 6.3 3.07 none mother metal plug 8.60
CTS (kN) 9 6.3 3.04 none mother metal plug 8.70
CTS (kN) 10 6.3 3.01 none mother metal plug 8.52

macro 11 6.3 3.00 none 4.36

macro 12 6.3 3.00 none 4.65

Table17 Joint strength on average

nuggetdiameter’ | tensileishearing|test: | crosstension test
(mm) (kN) (kN)

11.20 8.65
4.65 (3.7/1) (6=0.072) (0=0.085)

symmetry plug fracture

asymmetry plug fracture

a) in case of plug fracture

di

shear-fractured nugget

c) in case of partial plug fracture

reference : JIS Z 3136(1999)

Fig.16 Fracture pattern
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