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Table 2-1 Composition of material (mass%)

Type C Si Mn P S Ni Cr
SUS304 | <0.08 | <1.00 | <2.00 | <0.045 | <0.030 | 8.00~10.50 | 18.00~20.00
SPCC | <0.12 — <0.50 | <0.040 | <0.045 - —
Table 2-2 Material properties
Electrical Specific heat
Type resistance [ 4 Q -cm] capacity [J/kg-K]
20°C 1200°C 50~100°C | 850~900°C
SPCC 13 121.6 481 845
SUS304 71 124.1 511 640
Coefficient of thermal
Type expansion [10°K™"]
0~100°C | 0~650°C
SPCC 12.6 15
SUS304 17.3 18.7
TENE KRR LEPE R




Control device

Upper arm

S

Electrode
holder

Lower arm

Lateral side Front side

Fig.2—1

Resistance spot welding machine
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Fig.2—2

Insertion position of load cell
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Laser sensor

W il e ]

Reflector plate °
Upper electrode

Specimen

Lower electrode

Fig2—3

Measurement method of electrode displacement
by using laser sensor
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Signal
conditioner

—

Load cell|
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I
—

Displacement
laser sensor

Oscilloscope

Fig2—4

Toroidal-coil

Weld checker

Resistance spot welding machine after modification
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Air cylinder { )

Fig.2—5

Cylinder pressurizing with air compressor
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Screw Screw

Fig2—6

Pressurizing system by Screw
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Distance of sensor (mm)

Determination area 40~60 mm

60

(9,
je)

40

y=1.977x+51.86

Relation between of voltage with oscilloscope and displacement sensor

Voltage by oscilloscope (V)

Fig.2—7
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Fig2—8
Effective value of welding current from welding checker and
voltage value read by oscilloscope
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Welding current [kA]

Welding current [kA]

Material: SPCC
Pressure type: Air cylinder

(a) Ist cycle

1 I 1 1 ) 1 I 1 I 1 1 I 1 1 1 1 I
9.9kA, 2700N
10 9.0kA, 2500N
8.0kA, 2200N
7.0kA, 1800N
~ 6.0kA, 1200N
0
-10
1 I L 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 0.005 0.01 0.015
Welding time [s]
(b) 6th cycle
J l I 1 1 ) 1 ) 1 1 I I I
I I I I
10 9.9kA, 2700N
9.0kA, 2500N
8.0kA, 2200N
_ 7.0kA, 1800N
6.0kA, 1200N
0
-10

0.085 0.09

Welding time [s]

Fig.2—9
Welding current resting time in

(a) Istcycle
(b) 6th cycle
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Air cylinder Screw
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Welding time [s] Welding time [s]
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géé 1L |
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Welding time [s] Welding time [s]
Fig.3—1

Measurement example of displacement of electrode and initial electrode force at welding current
8.0kA and initial electrode force 2.0kN for air cylinder, and initial electrode force 1.0kN for screw
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Air cylinder Screw
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Fig.3—2

Measurement example of welding current and inter-electrode voltage at welding current 8.0kA
and initial electrode force 2.0kN for air cylinder, and initial electrode force 1.0kN for screw
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Current, Voltage

Current, Voltage

Welding condition

Material: SPCC
Welding current: 8.0kA, Initial electrode force: 2.6kN

(=)

(a) Ist cycle
I

I | I I I I | I 1 I I I I I

Voltage
————— Current

=}

0 0.005 0.01 0.015
Welding time [s]

Voltage
----- Current

0.085 0.09 0.095
Welding time [s]

Fig.3—3
Inter-electrode voltage and welding current in

(a) Ist cycle
(b) 6th cycle
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Material: SPCC

o] LA L R R —
Spatter free average line

Spatter average line

Maximum electrode force [kN]

A Spatter
! | " | M

O Spatter free

2 3 4
Initial electrode force [KN]

Material: SUS304

Air cylinder

Maximum electrode force [kN]
SN
I

A Spatter
! | " |

O Spatter free

0 2 4 6
Initial electrode force [kN]

Fig3—4

Relationship between initial electrode force and maximum
electrode force during welding for SPCC, SUS304
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Fig.3—5

Influence of welding condition on electrode force increment for SPCC, SUS304
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Electrode displacement increment [ 1 m]
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Fig.3—6

O Screw
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Influence of welding condition on electrode displacement increment

for SPCC, SUS304
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(@) Pressure type: Air cylinder

1 T T T T "q

Spatter free

\\\O

Initial electrode force [kN]

Weldingcurrent [kA ]

4 (b)Pressuretype : Screw
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Condition of spatter and spatter free for SPCC
by initial electrode force
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Condition of spatter and spatter free for SUS304
by initial electrode force
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Condition of spatter and spatter free for SPCC
by maximum electrode force
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Condition of spatter and spatter free for SUS304
by maximum electrode force
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Influence of welding condition on time of spattering for SPCC
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Influence of welding condition on time of spattering for SUS304
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Nugget growth process in each cycle for SPCC
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Nugget growth process in each cycle for SUS304
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Influence of welding condition on energy input and nugget diameter
for SPCC

R PEPET IEE L ERE




Nugget diameter [mm]

Energy input [J]

Fig.3—16

8 I | I 1 l | I 1 | ) ) | 1
T ae 8 i
41— —
2k 5kA | 6kA TKA —
Air o) [e) @
2600N| 3500N | 4800N
i N et
Screw 2500N | 4000N
0 1@ | | | | | | | | | | | |
0 500 1000

1500

Influence of welding condition on energy input and nugget diameter
for SUS304

S PEPED

L % W 52 ®F



Nugger diameter [mm]

1500N 8

5 10
Welding time [cy cle]
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Influence of welding condition on nugget growth process
at welding current 6kA for SPCC
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Influence of welding condition on nugget growth process
at welding current 6kA for SUS304
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Nugget growth process on boundary condition
at welding current 6kA for SPCC , SUS304
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Conventional stress-displacement curve for SPC270C
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Conventional stress-displacement curve for SUS304
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Relation between yield stress and temperature for
SPC270C , SUS304
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Influence of displacement rate on conventional stress
for SPC270C
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Electrical resistivity measurement machine
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Influence of material temperature on material resistivity
for SPC270C , SUS304
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Measurement example of resistance during welding
for SPCC , SUS304
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Influence of welding current on resistance
for SPCC , SUS304
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Influence of initial electrode force on resistance for SPCC
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Influence of initial electrode force on resistance for SUS304
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Influence of surface condition on resistance at 6.0kA
for SPCC , SUS304
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Influence of surface condition on resistance for SUS304
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Inter-electrode voltage without specimen at welding current 5.0kA

and electrode force 2000N
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Comparison of measured value of resistance with estimated resistance
for SPCC, SUS304
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