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Electrode Life Improvement Mechanism in Spot Welding of Coated Steel Sheet by W/Cu Hybrid Electrode

Yasuhiro Sakurada, Toru Ienari, Jun Kurobe, Hiroshi Asada, Shingo Mukae

Synopsis:

To improve the electrode life in spot welding of hot-dip Zn-6%Al-3%Mg alloy coated steel sheet, the W/Cu hybrid electrode was

developed. Electrode life improvement effect and its mechanism was investigated. The results are as follows.

(1) W/Cu hybrid electrode can be used for conventional spot welders under common welding conditions. Plating elements of steel sheets

does not alloy with W at the electrode tip, the enlargement of electrode tip diameter is suppressed. Accordingly the electrode life is

remarkably improved in comparison with the case of 1%Cr-Cu electrode.

(2) Cracking in the W portion is caused by the thermal and mechanical shock derived from welding, but does not have influence on the

welding qualities even after regrinding of electrode tip.

(3) In case that plating layer contains reactive metal element to W, electrode life is affected by the reactivity of the element to W.

(4)W/Cu hybrid electrode effectively support the formation of nugget by low-heat removal effect due to the low thermal conductivity and

heating effect due to high electrode resistance of W.
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Table1 Coated steel sheets used for experiment

. . Thickness | Coating weight | After
Coating Sign (mm) | per side (g/m®) |treatment
Zn-6%Al-3%Mg ZAM 0.7 60 —
22 T4
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Fig.1 Appearance and cross section of W/Cu hybrid

electrode.

Table2 Electrode tip for spot welding

Shape: ® 6DR

Diameter of electrode point © ® 6mm,
R of tip point : 40mm

R of shoulder : 8mm
Material | 1%Cr = Cu Alloy |W/Cu Hybrid

Sign 1%Cr — Cu W/Cu Fig.2 Shape of electrode tip.
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Table3 Spot welding conditions

Welding machine Single phase AC spot welding machine

Squeeze time (cycle) 35
Welding time (cycle) 12
Hold time (cycle) 1
Electrode force (kN) 15

Welding current of
continuous test (kA)

Current of expulsion X 97%
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Fig.3 Optimum welding current range for each electrode.
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Fig.5 Cross section of weld with number of spot welding
in electrode life test for W/Cu hybrid electrode .
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Fig.6 Change of electrode tip diameter with number of
spot welding in electrode life test for ZAM steel
sheet.
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Fig.7 Appearance after regrinding W/Cu hybrid electrode
tip (Number of spot welding : 10,000).
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Fig.8 EPMA analysis of electrode tip(cross section).

W/Cu:After 10,000 points of spot welding 1%Cr-Cu: After 1,000 points of spot welding
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Table4 Coated steel sheets used for experiment

Coatin Sien Thickness| Coating weight After
g g (mm) per side (g/m? |treatment

Zn-10%Fe GA 0.8 45 -

Al-9%Si HDA 0.8 40 Chromate
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Fig.10 Change of nugget diameter with number of welds
in electrode life test for galvannealed steel sheet
(GA).

= 2] > -~
T T T T

w

[S]
T

—— 1%Cr—Cu
—o—\/Cu

—
T

Diameter of electrode tip (mm)

0 1000 2000 3000 4000 5000 6000
Number of spot welding
Fig.11 Change of electrode tip diameter with number of

(=)

welds in electrode life test for galvannealed steel
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Fig.12 Change of nugget diameter with number of welds
in electrode life test for hot-dip aluminum-coated
steel sheet (HDA).
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welds in electrode life test for hot-dip aluminum-
coated steel sheet (HDA).
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Fig.14 EPMA analysis of W/Cu hybrid electrode tip and weld surface of galvannealed steel sheet (GA).
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Fig.15 Change of W/Cu hybrid electrode tip diameter
with number of spot welding in electrode life test
for ZAM, galvannealed (GA) and hot-dip aluminum-
coated (HAD) steel sheets.
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Fig.17 Cross section of weld using 1%Cr-Cu and W/Cu
hybrid electrode for ZAM steel sheet. (After 1
point of weld)

Table5 Characteristics of 1%Cr-Cu and W

1%Cr-Cu W
Thermal conductivity (W/m- K) 392 167
Electrical conductivity (%) 80 30
Electrical resistivity ( Q + m) 168 x 10° 55 x 10°
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Table6 Coated steel sheets used for experiment

. . Thickness| Coating weight
Coating Sign (mm) per side (g/m?)
Zn-6%Al1-3%Mg ZAM ig 90

Table7 Spot welding conditions

Welding machine Single phase AC spot welding machine
Squeeze time (cycle) 60
Welding time (cycle) 175
Hold time (cycle) 35
Electrode force (kN) 11
Welding current (kA) 185
35 ®35
R75 $16 R75 16
1] Jeer] |
<> i
6 i L 1 6 $ L 1
12 9| Y=oz ! 12 9| — c=fonns !
W
- BEES : B e : 1%Cr—Cu
ﬁl:::: | CU —_ |
Thermocouple _/g:\\_ Thermocouple (i):

(a) W/Cu hybrid electrode (b) 1%Cr-Cu electrode

Fig.18 Electrode specifications and temperature

measurement locations.
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Fig.19 Change of temperature of electrode which was

measured just after welding.
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(a) 1%Cr—Cu electrode
Fig.21

-
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(b)W/Cr hybrid electrode

Nugget formation process in spot welding by each electrode.
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