1156 KRBBWEERCE $13% F 6%, pp. 1156~1169, 1989,

€]

x>

SR LS S IEPL MR AR
HlfEey BATEC] #I MR

ik OES ME*-EE % B
(19891 84 14 A4)

A Study on Weld Quality Controller for Resistance Spot Welding Process

Hee Seok Chang and Hyung Suck Cho

Key Words : Resistance Spot Welding (#£#7 Bi#&#), Welding Process Control (## TA2#il#),

Self-Learning Control (2B #l4H),
Size (JERIEE 27])

Weld Quality Control (848 #il#), Nugget

Abstract

The resistance spot welding process has been used extensively for joining of sheet metal, which
is subject to many process parameter variation. Among many process varibles associated with the
welding process, electrode movement was found to be indicative of the weld quality and adequate
for weld quality control. To achieve a uniform weld quality, this study presents a self-learning
control system that utilizes the electrode movement as a process varible. The control algorithm
was implemented to the actual spot welder with a micro-computer. The perfermance of this
control system was evaluated through real-time compensation of the shunt effect. The superiority
of this control system over the conventional feedback control system was experimentally

examined and discussed in detail.
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Fig. 1 Schematic diagram of spot welding system
and electrode geometry
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Fig. 2 Electrode movement monitoring and control
system
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(5) Weld Checker
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Table 1 Chemical composition of weldment. unit : Wt(%)

C Mn

p

S Cu

0.038-0.14 0.38-0.44

0.006-0.014

0.01-0.02

0.004-0.019
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Fig. 3 Block diagram of the electrode movement control system
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B 25 MEde
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Weld current

Fig. 4 Schematic diagram of spot welding process in
the presence of shunt effect
(shunt spacing=ds)
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Fig. 5 Self-learning control system for resistance
spot welding process
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1 1 l 1 1 i
-] 16 24 2g 8 16 24 R
Nold cycle Neld cycle feld cycle
(a) (b) {c)
Heat input . (a) ; 3kW, (b) ; 4kW, (¢) ; 5kW
Electrode force : (a) ; 240kgf, (b) ; 360kgf, (c); 480kgf
Fig. 6 Electrode movement signal for various welding conditions
Weldment thickness=2.0mm
1.5
|
- a.
o
»®
j b
2 c
8
w
1 { {
8 16 24 R
¥old cycle ¥old cycle Wold cycle
(a) (b} {c)
Electrode force : (a) . 240kgf, (b) ; 360kgf, (c) . 480kgf
Heat input : (2) ; 5kW, (b) : 4kW, (c) | 3kW
Fig. 7 Electrode movement signal for various welding conditions
Weldment thickness=2.0mm
(shape)& ALA] jaEdffiol 7bsizl # i s S =e ™ (C+Gt) sinwt (4)

o R P48 AR (nugget) o) 27l A F
28 FHelng BESWASY Yoz iy £
BES HET 4 3 Zdoith B 279 EE
srea) 598 BN (rate of rise) A RELER 2]l
3 AEREE A7) FaA e REET
il EAE AYeA gonz ¥ A7
A BESEAL 8 S)E At AT o
B EEe Hees e zds #Hed Ad4e
g2 e},

AAXN e EEEALR 0.p,C,Cr FHEdE
(parameter) o v}, AA| taHERs FHA S(OF A
48 HE=z EKFE &4 4 F(nonlinear least
square) £ 2 Ausgsigdy 4708 setelE
£ BifER 22 Rosenbrock Yue]lEg A3l
B&{usld a8, Gy S fEmzE(rate of
rise)oll FEHHY BIE PIA L pow SH7F &
Kol =gdle A3 2 o3 YL F2 AA
P& & £ Uk ££9 g Eel THA &
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Fig. 8 Electrode movement signal for various welding conditions
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o
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=
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Electrode force : (a) ; 240kgf, (b) ; 360kgf, (c); 480kgf
Heat input : (a) ; 3kW, (b) | 4kW, (c) ; 4.5kW

Fig. 9 Electrode movement signal for various welding conditions
Weldment thickness=1.0mm

sl AA BERFY E@8sEdd T
& B 38 (nugget) o] B o] 2 7] [diameter (D)%}
penetration(P), Fig. 117} Bsge =2 &A=
o}, 4708 siebelle o) ME& = HAee AT @
@3t MRS 2] Alelde —H— HERR
(one to one unique correlation) 7} AL 4 4

ART S(e)el styol ubet siftze] AY pot

C7b olle) iRERERe] =719} Zo] Table 20 #k
#e stk oir)A 2 Fetuin e 2 Ao RE
W 27 Alolel A#de HEsel BFERS A
M HE (nonlinearity) w-Fo] & 4 giiov
B oadFold R MRS HEHES BERITR
WE 758 BESWASE BINSE el
Y& FEEEE g E ol A WE
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Table 2 Parameters and nugget size for various welding conditions
Weldment Weldment P 2 Nugget size [mm]
Group No. Group Diameter Penetration
513 0.937 9.609 ) 5.597 2.763
1 523 2.543 8.913 5.304 2.683
533 4.451 8.424 4.785 2.410
512 1.750 9.899 5.759 2.218
2 522 2.655 8.798 5.553 2.190
532 5.544 8.984 5.474 2.053
511 2.381 12.314 5.123 1.581
3 521 3.592 9.982 4.813 1.469
531 6.388 9.203 4.737 1.239
313 2.376 9.948 3.804 2.216
4 323 3.872 8.252 3.065 2.061
333 5.329 7.608 2.921 1.628
312 2.835 9.479 4.057 1.976
5 322 4.358 7.599 3.517 1.779
332 5.305 6.774 3.347 1.563
311 3.179 10.383 3.844 1.290
6 321 4.402 9.136 3.871 1.161
331 5.782 7.702 3.773 1.138
411 2.011 11.028 4.883 1.535
7 421 3.196 9.645 4.708 1.422
431 5.669 9.275 4.245 1.288
(Welding Condition)
1:1.0mm
Thickness {2 {2.0mm
3:3.0mm
1 240kgf
Electrode force {2360kgf
3 480kgf
Welding power 3 kW
(Heat input) 4 4kW
at mpd 5 5kW

ZEo, &, BRE HES Zild BaEIL B
EfFol A EBoEBA 9SS FEshE Fekel ey
MAES T FHFEol BiEATH B AL
BERAE AAA gols table look-uphko
BRI #ES B¥ REYEH (quality control)7h
5@ Zelet,

*

5.2 MR (Shunt Effect)of we Tigs
BA S o BT SRR

Fig. 100 & 1.6mm$A4 9] #iig ®iEdd 5%

7R (shunt effect) 7} §1-& %9} Q& AL (4,

10,20mm) T84 EEIEHAI S s} ot gt

& vlefRbo] iRk (shunt effect) = AEEme 5
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Electrode movement ( sx13 mm )

~75 i 1 1 1
0 8 16 24 32
Weld c¢ycle

Fig. 10 Effect of shunt spacing upon electrode
movement
(Electrode force=350kgf, Weld current=5.3kA)

£ »*«’é?%%aﬁ% Z&AA F4 el doluA
34 &% % 4 901 shunt spacing(d;)o] &
£ shunt BIfge] $EHe] =totrl=z shunt Fif
o arle Fristed BRoEAISY BNz (rate
of rise)o] ZL¥E AHFT 4+ Uk, FHEKE
(shunt effect) 7} Q& 7% (d.=10,20mm) o} =
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Fig. 14 Metallurgical structure of cross-sectioned spot weld
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