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A Novel Control Method of Resistance Spot Welding Inverter using
Dynamic Resistance Characteristics for Weld Quality Improvement

Sung-Kwan Kangl, Jae—-Hun Jungl, and Eui-Cheol Nho™

Abstract

This study proposes a new control method for a resistance spot welding inverter to improve weld quality.
The proposed method is based on the dynamic resistance characteristics of steel sheets to be welded. A point
in the second peak value of the dynamic resistance occurs during one shot of the welding current flow. A
constant voltage control is applied from zero to the peak point, and a constant current control is adopted from
the peak point to the end of the shot. The mixed mode control of the constant voltage and current guarantees
high weld quality. Experiments are conducted with a 5 kA power supply and 0.5 mm steel sheets to compare
quality. Experimental results show that weld quality is improved more than 10 times that of the conventional

control method.
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Fig. 1. Typical dynamic resistance waveform.

N
-

Ak} Hlgo] FaskA ks o] 9l
Q
[¢)

Arel E42 Aloja] 98 wol Al

o 2 9
>

=
o ot B T Ay
X0, AN 2

S8 fo o

2 K

wake §4AF7 2

gL

=2

o 1%

oX

of

[
rl

2

odt

O

Lot ofN
E=)
i3
o
of
(e
By
odt
i3
e
2

o &

,d
X 9
N
o
-
ofN
N
XN
of
ol
rlr
e
o
&
fd
2
N
sl
ofo
ofo
ﬂ
£

ox
)
rir
vl

)
SQL

Mo 2 rE oot ofh L
(e}
o a
F
ofr
ol
re
r_B{_L
o
>~
o
1o
o
rJ
rJ
L
=2
1o

o
ot
i
ol
flo
&
)
—
B
i
1
&
Ox
o>~
rio,
il

S
o o o =

RO R e rfr

2

P

59

=
| A7) AR @72
o F7kstel Aol il
729 ol # 3

o

Y

g
)

i

rlr
A
)
o,
H
©
1
o)
rlo
vd
=
o

U\l
B o
_O|L
r =2
41 fo
AT
o
[0}
T
[y o
r e
o
o Hr
o, o
Sy
oft X,
2 g
oo

=R 2 oo N
N

- —
O
o,

Jqn 2 @ go 19 §2 @S AL of
=)
» o2
rr ofo
w7
o
i
o
ot
fr
ol
)

ofo ok
o
2
2
N
i)
o
2
>

fe ox KU - op
o,

rif te offt

a
=,

|44
5000 A% 2kHz®] 2913 Fi4E 7= Ad &4
AME HAYFAE 743 & Aloj§ MPUSI Cortex
M3E AH83tY 05mm FA9 Zd AAS o=
o Ade B HAY TA4F FFL AT HAA E
oA A Thsek 7 Fdo 9IS vAE 9 2
A& A= BAAZ|7] 9ste] EHE THEAE

= R
ste] 7ReHE S RsA o2 HEFAFY] HIE T2
th o]yt Wl E3ta AotE Moz &H

IR

F §H% Fust #ASA SHES TGO
RN Aok e YRS F

Welding force device

PWM Signal f Current

C &
| — I:I voltage
— Ethernet Welding controller measure
° - & measure device
(Cortex M3)
Control & measure
program

Fig. 2. Schematic of the proposed weld system.

TABLE 1
SPECIFICATIONS OF COMPONENT FOR WELD SYSTEM
Component Specification
3-phase diode rectifier 1600V, 206 A
Ls 1mH
Cac 3300 uF
IGBT (S; - S) 1200V, 240 A
Transformer 50 1
. ~ 100V, 160 A
Diode (D7 - Dy) (16 parallel connection)

Fig. 3. Welding inverter power supply.
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Fig. 7. Specimen for resistance welding.
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Fig. 8. Constant current control mode under 3750 A, 100
ms, B kg.
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Fig. 9. Constant current control mode under 3750 A, 100
ms, Hkg.
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Fig. 10. Constant current control mode under 3750 A, 100
ms, 60kg.
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Fig. 11. Proposed control mode under 097V, 100 ms, 75 kg.

First shot
Nugget size: 3.1 mm

Third shot
Nugget size : 3.1 mm

Second shot
Nugget size : 3.15 mm

(a) Nugget size

5000
Current
[A]
O | =
2.5 |
Voltage
[Vl
0 .
0.5
Resistance
[me]

Time [ms] 100

(b) Voltage, current, and resistance waveforms

Fig. 12. Proposed control mode under 0.97V, 100 ms, 95 kg.
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