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Abstract

Resistance spot welding is widely used for joining sheet metals in the automotive manufacturing process.
Recently, servo-gun is used to increase the productivity and precise control the acting force. However,
force control mechanisms have not been investigated with servo-guns until now. In this paper, it is proved
that servo-motor current is proportional to torque and by experiment, experimental equation between
servo-motor current and electrode force was derived. Algorithm for feedback control of electrode force was
suggested using current measurement. In addition, applying soft touch method to this system the impact
between electrode and specimen, which is the problem of air gun, could be reduced. Indentation made the
force decrease in holding time of resistance spot welding. In order to overcome this problem, force
compensation using the servo gun was used and it improved weld strength in good welding current range.
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Fig. 1 The Cross-sectional view of AC servomotor
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Fig. 2 Free body diagram of servo-gun
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Fig. 9 Force control at the various electrode speeds

453



FJP-oFT oA

18
Bzlole A FFL viAR 23 ¢ F vk w2y Fig. 11 oA e vie} o] 1 A2 &
g W AU Usld® 300 kef € 71E22  AYL I vgH WS ARE R
Sl ok -5 ol 5 kefel o 5% o oAE B ¥ weE A%es AYPE AS T 4+ Ak 1.2
T AT a2 EE ARAY zigte] sk wiE Ay mm o} 72Te] 2o golA FE A2l W
TR 83 £& Ao Algdr) = Jg el gzl 18 WEE ASaAT 84
- = 5 kA o]# &-HAIZEE 15 cycleE2 23R T
5. 702l oIS B3 BY LESl BA  yume o aae el 25 sads A

51 Mg & 8F32 84 3u 24

C-typed] MEZANA EA=E 7I5HEL Fig. 103
Ze dYge ¥
F27] ARSI o AL 1 WY s
AEE YA o] B M RAE EHF
E ko] AR AT wo] ME ulFEn UA
Ao st o]
S ST BAE S A9 iEe 2%
& <= gl Fig. 11 & B934 2744 (LVDTD)Z o]—
F3o) Faste] 2=4(load cell) 2 23 ¢ 7HtE 2

Hlmg agjzolv}, aelA B ups} o] AEzle]
71k s ASde] Weje v eE & 4 Utk

43 Fole ol AfF7E A5E Bot] 527 Wi
AFe] 2eAdg Rasled /iEs 23 & & gt

r
)

{ Upper
Electrode !}

Lower
5, Electrode’

x : Lowetr Electrode Movement

Fig. 10 The principle to make a force on servo-
gun system

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

LVDT (mm)

0 50 100 150 200 250 300 350 400 450 500
Force (kgf)

Fig. 11 The relationship between force and lower

electrode movement

454

2& A7 2 mm o]t U]rﬂl"‘i'

A3 Fig. 129 2t} Fig. 12 7Itgd A3
o] &2 ag|3 old WE FRAFTY FF YL A
gz Z38sisrt 8 AZ9 WYE LVDT AAE o]
B3] ASSIL, AT Hee AMEREE v
(encoder) #-& 01%'6 2389t AEA A2E A
T A 83 AN MEAY 717 54 “P%’d
59 YL MEAY AR HAF o] HEn ¢ F

o AAEE wAl F7F 7199 WMsh= Fig. 129] "c}
F A9 22 g 4 X3t 28y Fig.
12014 s A5 83 %‘Oﬂ T Ha o)A
7tekEe] Wigle Frh 53] 0.3 & o] FFH 0. 55 Z‘é
Alole] FZHAA F43F 8%Fo] WAYsh=H oA

Aol FAH wet 85359 Fu] PP ’“"01 HP
B57] gZol Bt 1 oo FAPH §655
o] g we} s HAFL =2 A3 J= St
Ttk §-8°] v ® $< 0.85 & ofFdle 2719
& Bt 9 Fol ST Hed o|AL s A5
FEE Fol &4 Tl GAHE FEATY Ziold 9
3 2 o]AL Fig. 129 I T He
upe} o] &4 & FHTo] O]%‘é A, o]= <Y
71k8o] 27] 7Y RolRm S ¢ 4 Uk

230 TR
330 l'*fﬁﬁf]’mmunim”

Force
(kgf)
w
8

<
T o 0.247
z5E
3§v 0.22

9 0.201
8 018
5] O’E‘
a5 51036
Qo g
Do

<o 103.49

0 200 400 600 800 1000 1200
Time (ms)

Fig. 12 Force and electrode position during resis-
tance spot welding without compensation

Journal of KWS, Vol. 24, No. 6, December, 2006



2

& 3 84 2R AU A5 A

5% 84 A= T d@ a7 19

ZhkRel ybE S
Fig. 113} 12004 K&

AN afles =gt}
vke} 2ol A A 88 I8
oA A GEAE deld st 7igtEol st
A Bt olHd 7idE At HerE AR A 2F9
B9 BRI e olsle] 7gEe] Fg3t

3 3E G delx EAsk] wEd] AT A5 9
] AL Bt /gEE o Fo824 A A &49

FAAIZE (hold time)ell &A= 7148 A3 <
BAg 4 9o 24 WHe Fig. 13 & 2t Fig.
12004 Ee nieh o] yrlo] $ase Fo 2719
AT AR 24 et AEE 71EeE 1
o] THE rigtEo] A3ttt 1 BE Fig. 1394
= Hpe Zo] yAlo] FAEY §1 F KA
Bol7ke AlFE 7IEeR AR AFE olE £
A Aol 7kl A' 7t st fA|AT) 2
A= 7k Asts BAE § ok oA Zehd
FEAT] ol WE AT JIsH At @Y
< A E 4 gl

Fig. 14= Fig. 130|A Aetd 714 E’\mhﬂ’%
o] g3t EHIHUE w, TS g, BE £ 3§t
FAFY 3902 Ve 1¥olrh 139 ’2} A5
FAUAN B vieh 2ol 830 ¥ & & AT
o gol7ke AlFdAM AFEHSE 2FA FUAT o
o, sPEHFe] WMeE BASH S oo wet 7iet
go| AeHo 7] Mg vt 5S4
et

°]9Jr 2 Ao Z2AUS B9 &4 Az ¢

£ ety $)sted i*c}] A
E*c} WHE Fig. 149 o] A% A=
do] Wzl ofsfA o] F 01”13} AE 1.
TS ARSI E, 1 99 438 212 Table 2

A

Indentation (mm)

LN

LVDT (mm)
/ ’

Upper
Electorde (mm)

Force (kgf))

—>

Fig. 13 Compensation method for force decrease
by indentation depth

REEHRBEEE F24% H6%. 2006%F 128

Force
(kgf)

3301
3001

2704

Lower
lectrode
(mm)

024 jllﬂugs“
. R

103.61 /

0 200 400 600 800 10'00 1200

Upper
electrode e
(mm)

—
(=}
w
o

Fig. 14 Force and electrod position during resis-
tance spot welding with compensation

o 2ol gdEAE Hole Ao AFHY oA
T ZolE 0.05 mm 14 0.2 mm 2 71EAe 4
< B3] & ¢ Utk 23EE B ARdMe ¢E
A ZolE 0.2 mm 2 AAs 7IEE B

Table 2 Test conditions for the compensated force

control
Initial force Welding Welding time
(kef) current(kA) (cycle)
300 7,8, 9, 10 15
Good
Welding Spatter
15
Z 145
z © ®
=
w14t Spatter
atie;
9
? 135 e} *
<
@
o 13r
g
5 *
(]
ﬁ 125 O Compensation
% No Compensation
19 , . " ;
7 8 9 10

Welding current (kA)

Fig. 15 Result of tensile strength and comparison
with and without force compensation

455



20

B o FTF AR

9 olgtel AR AF, AAel EsA I &
T AZ A ol HA ¥ TRIelt T4M 8 kA
A% 84 2002 7190 B Aol Al ¥ 52 84
BEE 7HE € F Ut 9 kA Q) e 4F 84
oM e} EAsigiong 2afE st Bk 4
L2 FESAT. 9 kA & A% &AM 248} 2
Ashe 9908 dolrke 7itez 23y} 7Y
LA 10 kAS) A9 A AP 237} 2
stict. o A= e Csi Y $HBYH
drEQ AT oE YA 34 dAUSe] ¢
AH7) dZel 7IjiEe] B e Bx dee &%
7 AR @3t
ole} ol NEZ AAglA RA|AZEe} 7HA4H A}
o o3 e EAEE I B3 Ae B3
AEZ = Ul A &H =del Sleid 7Y B
& o] QAR ASEHE dE T AU
6.2 &
2RO o]83 Ha A LA A Eyq o] Bge Ay
I R I B < o B R e L B
At I3 o] MEA A2’ o°P°=l SRz
2 %L vAE JIHEE A0 F ik £ =8l
Me AA SHTEAM 7 AE AR ASA=
do] g 71 Ao} dxRlEE ANEeslL, ol
7oz 83 RAAR sk 7H4E At wt
g B AlolE B 84 AEFEE A £ AU
et 2 AT oE 22 2ES ik

D AEA [ A E3A2HoA AMERES g
B HFE o] &8l AMEEE 93 °4°17<] Ear}
ﬂ;—/] 7R ABAVE 985S R olE W

o= o] HIo] HAIF HEF o]FY AMERE A
Fustel MRS ZIgHEE vEHEE A Fdld

AABRIL old ME HFHE T3

2) AS9Y rIEs ME 2ZHY Y ARE A
Sald A3 A 8359 7K™ E F= Ao (feedback
control) ¥, 1 Aol duyEFE T3 =
g AXE EA (soft touch) b‘c}‘ﬁé AekstRd 1 o]
Bl Aol AlHe] HEE o I FAIY
Y F Uit

3) BEE o]8F MEA A A SHAN AR

456

FTAE ¥, e EAF oo Qsk fAAE
A 7HkE Ash @] LA o7 EAMNE I
Ea17] Hst] AuAe] dAAe 2 tgEE HE
o 18 B HEEH F9A 84 A=rt FEEA
o JIgEE B e ¢ B dd A3 2
=9 FeEIHE 4 F AU

£ 7

(o)
5y
e
flo
)
S

] 0635 297 FH=21 A1 gl
AATEATE AY A7 g3 FEHAFUT

=
™

kl
Ao
re

1. K. Suita et al. : Current Status of a Spot-Welding
Gun for Automobile Body Assembly Lines Incorporating
a State of the Art Integrated Servo-motor, Journal-
Society of Automotive

2. R. B. Hirsch: Tip Force Control Equals Spot Weld
Quality, Welding Journal, 72-3 (1993), 58s-63s

3. J. H. Park : Force Control for the Improvement of
Weld Qualities in Resistance Spot Welding Process,
Master Thesis, Korea Advanced Institute of Science
and Technology, 1998 (in Korean)

4. S. A, Slavick : Using Servo Guns for Automated
Resistance Welding, Welding Journal, 78-7 (1999),
29-33

5. H. Tang, et al. : Servo Guns for Resistance Spot
Welding, Society of Automotive Engineers ; SAE
2000 World Congress, (2000)

6. J. Y. Baek : A Study on Optimization of Process
Variables in Resistance Spot Welding using Servo-
Gun System, Master Thesis, Hanyang University,
2002 (in Korean)

7. C. Luthardt, et al. : The Servo Controlled Spot
Welding Gun, Robot-Tokyo, (1997), 31-34

8. M. Jou : Real Time Monitoring Weld Quality of
Resistance Spot Welding for the Fabrication of Sheet
Metal Assemblies, Journal of Materials Processing
Technology, 132-1 (2003), 102-113

9. H. Tang : Influence of Welding Machine Mechanical
Characteristics on the Resistance Spot Welding
Process and Weld Quality, Welding Journal, 82-5
(2003), 116s5-124s

10. D. W. Chun: On Line Feedback Control of Electrode
Movement for Resistance Spot Welding, Master
Thesis, Korea Advanced Institute of Science and
Technology, 1984 (in Korean)

Journal of KWS, Vol. 24, No. 6, December, 2006



