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Influence of Welding Current Waveform on the Spot Welding Electrode Life in
Hot-Dip Zn-6mass%Al-3mass%Mg Alloy Coated Steel Sheets
Hiroshi Horikawa, Kazuaki Hosomi, Takefumi Nakako

Synopsis:

Hot-Dip Zn-6mass%Al-3mass%Mg alloy coated steel sheets (ZAM) have superior corrosion resistance. In the assembling process of
automotive parts or structural members, spot welding is widely used. Although, short or insufficient electrode life in the spot welding of
the hot-dip Zn or Zn alloy coated steel sheet is one of the major issue.

To improve the electrode life in spot welding of ZAM, a direct-current inverter spot welder was examined instead of single-phase
alternating current spot welder.

The results are as follows.

(1) By using a direct-current inverter spot welder for ZAM, the optimum welding range is expanded.
(2) Since a direct-current inverter spot welder can make the heat generation even with low electric current density due to a continuous
electrifying, a nugget with enough size in diameter can be obtained by using the worn electrode. Therefore the spot welding electrode

life in ZAM is vastly improved by a direct-current inverter spot welder.
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22 BEEH
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Table 1 Specifications of specimen
Thickness Coating weight YP TS El
(mm) per side (g/m? | (N/mm?) | (N/mm?) (%)
0.7 50 150 315 46

Table 2 Specifications of the spot welders used

Single phase alternating
current spot welder

Direct current
inverter spot welder

Rating capacity (kVA) 35 50
Max. current (A) 16,000 18,000
Max. welding input (kVA) 110 125
Max. welding force (kgf) 600 500

B W2 MR R ARy PEEEOHREZ R,
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Tabel 3 B X U'Fig. 2 |

Vit A340mm,

R 8mmTH %o WM HIXEMN, K

BB L OHBH S & TR HWSNTW A51%Cr-Cu

&L L7

Table 3 Electrode tip for spot welding

Table 4 ICHH M2 /R T, BIRBEIMIC

¢ 6DR (Dome Radius

type)

Diameter of electrode point : ¢ 6mm

Shape . .
R of tip point : 40mm
R of shoulder : 8mm
Material 1%Cr-Cu Alloy

016

Fig.2 Shape of electrode tip.

Table 4 Spot welding parameters for examination of proper
welding conditions

Spot welder

Single phase alternating
current spot welder

_ Direct current
inverter spot welder

Electrode force (kN)

15

Squeeze time 583ms (35cycle : 60Hz) 583ms
Weld time 200ms (12cycle : 60Hz) 200ms
Hold time 16.7ms ( lcycle : 60Hz) 16.7ms

Welding current (kA)

4~11

Cooling water flow (L/min)

3
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Fig.4 Procedure of calculation.
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Fig.5 The measuring method of temperature of heating zone.
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Fig.6 Definition in the range that electricity flows.
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L7z, Fig. 8 ICHTEA ¥ /N =% ARy MEHHE L HH
RMAAR Y MAEROBEIERREE 2R HAHKH
KARy MEEETIE, ER#EL22F7y MEXTEIK
T 5 DI E L BRBEIIN25A/M L ETH o720 &

X +-+ Nugget diameter : less than 4v/t
O - Proper range
AC OO
DC 0-DO OO
250 275 300 325 350

current density (A/m?)

Fig.8 Comparison of a proper current density of AC and DC.

W LT A YN =7 ARy MEEKRTIE, B
300A/m* DA ECHRMEL D57y MEIHONTEY,
HAHZE A AR v MERRICHART 1 #55E» 5 72,

WIZHFA 3= & ARy binig & B2
Ry MEERKEZ AW, WBERNEZ LSS TZAMM
WE ARy MEBELLESAOF 7y NORERS 2 A
L 7zo Fig. 9 IR EISO6KAIZ BT L W EIEH & 7
v MEOBRE RS, T2, BEBEHEEOBLE LT
Fig. 10123 EERT50, 100, 200ms®D A & v b B0 Wi i
BIERE R IRT .

6
_ 5
g
E 4
3
3 3
£ ?/U Nugget diameter : 44/t
< 2
2 1 O—AC |
! —@— DC

O 1 1 1

0 50 100 150 200 250

weld time (ms)

Fig.9 Comparison of a nugget growth of AC and DC.

Fig.10 Cross-section of spot welded zone.
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Fig.12 Relation between material temperature and weld time of
AC and DC obtained by calculation.
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Fig.14 Effect of welding current and waveform on the temper-
ature of welding area.
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Fig.15 Change of nugget diameter with number of welds in
electrode life test.
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Fig.16 Transition of the contact state of the electrodes.

H 3 52 8 ¢ it No.95 (2014)



20

WAlZn-6mass%Al-3mass% Mg 40 >E T D ARy MNAEBMAE I BT T IR ERIRIE O E

50
45
40

—O0— AC
—— DC

450

400

—0——AC
—e—DC

35
30 |-
25
20

151

area that electricity flows (m?

10

Il Il
0 1,000 2,000

shot

Fig.17 Change of the area that electricity flows with number of
welds in electrode life test.
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Fig.18 Change of current density with number of welds in elec-
trode life test.
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Fig.19 Relation between weld time and nugget growth by the
worn electrode.
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Fig.20 Relation between current densities and nugget growth
by current waveform of AC and DC.
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