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A study on the Effect of heat input and welding time

on melting efficiency in resistance spot welding
jin-wook, Kim

Major of Malterials Processing Engineering, Graduate School,
Pukyong National University

Abstract

The resistance welding processes are widely used in sheet metals,
because welding time is short and operation is simple . and has been
used for many vyears as a reliable technique for joining pressed steel
sheet.

Recently many studies on the melting efficiency in arc welding have
been carried on, and ' their results contribute to reduce angular
distortion. But there has been no study on the melting efficiency in
resistance welding yet.

In this study, the melting. efficiencies of Single phase AC and
Inverter DC with same heat input were compared, the melting
efficiency according to' the welding time with same heat input was
calculated in order to evaluate the effect of welding time on the
melting efficiency, and the melting state of joint was captured by high
speed camera.

The result of high speed camera shooting shows a great difference
in the temperatures changes of nugget along with current waveform in
single phase AC power source, while they were not so intense in

inverter DC power source.

Key Words: Resistance spot welding, Melting efficiency, Heat input, Welding
time, High speed camera, Single phase AC, InverterDC, Welding current,
Welding voltage, Nugget volume
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Fig. 2.3 The relation between welding current and nugget size
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Fig. 2.8 Macro section by low electrode force

Fig. 2.9 Macro section by suitable electrode force
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Table 3.1 Chemical composition of CR steel sheets (wt.%)

Alloys C Mn P S Si Fe

0.032 0.210 0.011 0.009 0.060 Bal.

Table 3.2 Mechanical properties of CR steel sheets

Yield strength Tensile strength Elongation
250Mpa 359Mpa 40%
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Table 33& &4 =A< YErd Zlolt. @FAC B JIHEDC Mo
A JEFS 950+9.5]2 s, THAILTL 6, 8, 12, 16, 20, 40cycle=

Bataen oo HF{F B A4S Table 333 T,

Table 3.3 Welding condition for experiments

Welding
time
Welding | 7095A | 5942A |4946A |4327A |3835A |2266A

©°¢ |condition | 1.37V | 1.19V | 0.96V | 0.83V |0.75V | 0.63V

AC
noa | 951 | 943] | 950] | 958] | 959] | 952]

Welding | 6812A | 5728A |4542A |3885A [3373A |2133A
I HE |condition | 1.40V | 125V | 1.04V | 091V |0.85V |0.67V

input | 954 | 955] | 945] | 943] | 956] | 953]

6cycle | 8cycle [12cycle [16cycle 20cycle #Ocycle

Fig. 3.3 Yzl A# = akzl &) Y2l @8l 29 Volumes UE
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Fig. 3.3 Digitizing and 3D rendering for calculation of nugget volume
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Fig. 3.4 Schematic diagram of electrode shape
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Fig. 3.5 Experimental set up by high speed camera
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Table 3.4 Photographing condition for high speed camera

Equipment

Specification

High Speed camera

Phantom V.7.2

Ficture per sec

12,000 Picture/sec

Exposure time

78usec
Light 250W = 2BEA
Lens 105mm 2.8
PL 52mm
Filter
UY 82mm
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Table 3.5 T XAt WE &FEE
950]2 kel SR AL e o Aol

£4AT stdets, B4 Aol #okAW 2 BA
FAC A1) beycle $HA 2ol BT

Table 3.5 Indentation by variation of welding time (950])

6cycle 8cycle 12cycle

Single
phase
AC

Inverter
DC

| ——e B R s |

16cycle 20cycle 40cycle

Single
phase
AC

Inverter
DC
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Table 3.6 Macro section by variation of welding time (950])

6bcycle 8cycle 12cycle 16cycle 20cycle

Single
phase
AC

Inverter
DC
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Fig. 3.7 The effect of welding time on heat input and nugget volume

in Inverter DC
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Fig. 3.8 The effect of welding time on nugget volume (950])
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Table 3.7 Macro section by variation of welding time

dcycle beycle Bcycle

OlHH
0cC
Jmm 3mm 3mm
| ———— | _— | ——
23 7101A; 1.51V 68124, 1.40V 5728A, 1.25V
ol 715J 954J 955J
EEAE: 4.53mm 4.89mm 4.58mm

12cycle 16¢cycle 20cycle

3mm 3mm

e ——— —_]
25 45424, 1.04¢ 3885A, 0.91V 3373A, 0.85V
Eial 945 943 956
EEAE: 3.97mm 3.63mm 3.18mm
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Table 3.8 Comparison of Single phase AC with Inverter DC by

waveform and photo (8cycle)
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Table 3.9 Comparison of Single phase AC with Inverter DC by
waveform and photo (40cycle)
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Table 4.1 Welding condition for experiments

Welding time 10cycle

Electrode force 250kaf

Welding Single phase AC

t Shear ~ Splash {increase per 500A)
CUITED Inverter DG
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Table 4.2 Macro section by variation of heat input in Single phase AC
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current

Heat input
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section
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current
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current
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