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Effect of Different Sheet Thicknesses and
Combination of Materials on Electrode Life of
Resistance Spot Welding for Automobile

Seo, Jeong Chul

Department of Materials Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, the importance of reducing the weight and increase the
stability of the car body is very high in the automotive industry. To
complement this, the application of High Strength Steels has also increased
significantly. In order to achieve abrasion resistance and corrosion
resistance, the surface of the high strength steel sheet is being

increasingly subjected to surface treatment like Galvanization.

The resistance spot welding is applied to process most car. The melting
of coating layer and alloying elements in High -Strength Galvanized steel
sheets reduce the weldability of the material.
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WaZgwEo wdefo] REIFJEE F& MAFERA ARgol dwrFo|th oy
& e £ AR SFSOE AT AF9 d3 1y =35 29y AT
o] st A HEAHAM Cu-CrdFe FHE dHAIE Aoz 2
gt} [1-7]

AFe] £He A 34 T 43 FHo 9FL vXE 83 HelvER
AAAT oo} A ALErH FHBste] Fa4do] HFEHT Ak AME DC

BH7E ol & A Aol A FE&HA Hrte i AT v olF
ol o} ARzServo-gun) §%71E AMESE oA =FARY uPAE AT
9] o]F A% =3 ALKErH £ SHA Y RuEs A ARt

ALGER Al ALK 74kt sk, o Ao @3t @l wel A=
Y HAol Ftete] AREE Ao o] v ASE o £de By H
ut 9lk. [8~9]

weta & AFNAE ofdeF olFFA 23 B A=W 23] A%
Ebd 9 HrbE Ball B el wE &HE FE dstE nEsta vl ¥
i AT utRe AARA AFE FHOE Hth

The importance of continuous dotting life evaluation increases as it is
considered to be an important parameter affecting the weld quality during
the manufacturing process throughout the lifetime of electrode. Though
Previous studies have been reported using inverter DC air gun welder;
however no prior study exists on the Evaluation of continuous dot life of
electrode in resistance spot welding for heterogeneous sheet combination

using inverter DC servo-gun welder.

Therefore, In this work, a cooperative study is performed, in order to
correlate the electrode and nugget shape change due to electrode wear
over the lifetime of electrode; for different material combination as well as
for different sheet thickness.

KEY WORDS: spot welding, SEM-EDS, electrode life test, galvanized steel, inverter
DC wleder, Servo-gun
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Fig. 1 Relationship between tensile strength and elongation of various steel

grades.
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Fig. 2 (a) Sequence in resistance spot welding. (b) Cross-section of a spot
weld, showing the weld nugget and the indentation of the electrode on the
sheet surfaces. [13]
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Fig. 4 Typical RSW electrode tip geometries
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Fig. 5 Servo gun-type spot welding system. (HX200-Hi4a)
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2393 245
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it 95 | 8 3 12 | servo
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Table. 1 Manual of spot welding equipment.
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Fig. 7 Schematic of carbon imprint experiment.
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Fig. 6 Schematic of jig system.
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3.2.3 Peel test
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Fig. 9 Peel test schematic. i) the peel test sample is welded tack weld
first, then test weld. i) the ends of the sample on the test weld side are
bent back and a peel force is applied. iii) the weld is pulled to failure and
either interfacial failure occurs yielding no button, or weld pullout occurs

yielding a peel button.
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Fig. 13 Nugget diameter changes with the continuous welding for welded
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< a7k "tk o9} o] &HFE Wi AYe
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Fig. 16 Nugget diameter changes with the continuous welding for welded
samples three sheet.

Z7rd o] WAISA ek 10008HHT 15008kl e YA Fel U 27
F7he AF | 230 9% d¥ow Atk mushrooming ol wal
o2 MY weud A5 go] g0l &xos AFUEst Fketa
HAFQeol S71sHAl "ok
oled @ 15008k ol & A ¥ HAo] Mzt vl FUtskAl Hell ket
2 ARl Fast & Al HeH 37 olF AW sFxAeEE
% 3000Ebd7HA] A= Ha WAl AHAQ 3.34 mmE V3= 426 mm 9|
A A7R3e A2E 5 YAk

°

_W.

Porosity position

(&

Fig. 15 Cross-sections of continuous spot welding.

Fig. 1501 2ol ksl zko] UZle] welg HAs L u, 2 900EH7HA
4% 73 SGARC 340MPa 14 mm 73 F7tol 4r9)® SABC 1470% 14
mm A% Aolold FEo] BAHROH 1000 o) FRE FIhdYe] ofF
B0l BAAA A3,

Sl oJT AL A%Ey ol ME Y2 WAL WslE FFL
mAch old Fig. 165 3% 1% 2% zFodel Uz 44 WaE e 2
o]},

W FAPdgol WAF 15 HE e . e
QAs) el 7o) B i The Agol HRHUT

4.3 Carbon imprint ¥4}

Fig. 172 dA&ekd o mE A5 o A4 wsts &) g8 sk A=
< carbon imprint Z8H-& ©]-&3te #AG Aoltt. carbon imprint 782
H F7ke] A S stetaty] 913 b dubARl Ao, o]FFA B
Zl wal 7] 1€k 9] carbon imprint 4 Axr @@ & ok 2
% 7% =% A%e)A 18k 521 mm oW carbon imprint 27 o]
4 2000ebH oA 6.68 mmE 1.47 mm F7FtTh ol &7] A7 oinl 28
AES Ul olHd A5 § Aol HasiAl Srhetl wel AR

= e whE vzl HAe vt #EEHsdeH, etk vAsA 7t
o} 245 WEE o 20008t 17k A FE3] Frlshs A del #EF AT
dutrow &4 B ol wek AS 8 A2 zutel FA43 Ao ol F
A= primary 73t AR =71 Hak 7H4sHE secondary T3F 1@]al
gk ol WAShE ternary PO Ui = YTk B AH] ALEA

Bt Me EHFe AP Tl HEHEHA olate] zxolA AF

Fostnz ddHo® temaryd TR #EHA Fervh diido=
primary 73t & AF AAI7e) oF 50 % FENA VeV ALERH 1
9] A= secondary T-3tolA LAt Aoz deA Ut [20]

24 o1F A% ol primary 737 secondary FRbel WEEA| ke
A2 AF9] o] I FEH AFEH7IA ALHH oz o] FoAa J5& B
&tk olEd ARe AKEH FHE EFste AEJIAAE 9 button
diameter®] %74 ZAvtol= #A =0l Ut

Fig. 18¢ 37 o|& #¥ =¥ carbon imprint 2#Z YehhAct 34 o
F 20 2o A FLYel WA ZrebiRE 900 eb F27A e
primary F3tol W& vehdth ol 27 olF ZW zFlMst 2l F3
do] WAt SH=AGA st AF Apold] MmH EWAF] ol F
Faboll e AT vire] YFL vNE HOE ARHUL wF FEF B
Fe oplshe gz A5 Buel ol AFAA AV AT g
U eE Ao mE Axe] AskE okl

[o

Et

o o2 N 2
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%7] 18t4lA 48 mm ¢ &AL 742 carbon imprint7} H-&74 3000 EF3
o4 2.0 mm F7Hsk 6.8 mm o Z7o] #AFHAT o= 7] A4 iyl 42 % 10
o] &2 AAES JERT, 2000 EFFOAE oln] 27 o|F ¥ 2F =
4 %9 & 7] A7 vl 40 % o =& A5 § AFES el

28 %

M1 +:'/: W,M'“’Nw

L

0 500 1000 1500 2000 2500 3000
‘Weld number

Size of Electrode face (mm)

Fig. 17 Changes in face diameter of the electrode tip which were welded
with two sheet
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Fig. 18 Changes in face diameter of the electrode tip which were welded
with three sheet
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4.4 Peel test A3}
Fig. 19% 241 ©]% 4% Z3olA 100ebvirhe] peel test A el ~ 8
t}. Carbon imprint Z4Wl o8 A& HE&H vt SUMEEE A5 A9 g TF am
A7o] AXE Aol BAHYo D, ARUAE adl ofF WAF oz 2 = N
[ L LS
3 button diameter HA HE&H BFUF SUMETE Aol Ao G 4 & 6 \-K
- L ]
AATE A< 900ERE74A button diameter”} %3] 74 3ht}, mushrooming & £ 5t W\ .
Aol os) A "ol AR £4e WEAWUA WA Ao AP nATh =2 O\
4t .
olZ <la) MFUx Wyl AWA button diameter’} e Z7ho} A AT = 3.34 mm
£
=
=]

Fig. 20 33 ol% 7% =3olA 100t viche] peel test AAE VERA
o 37 o] E 7% zdte] A9, obM AEl YR A BF Awbol A 900E}H

L

0 500 1000 1500 2000 2500 3000

Weld Number
7HA g porosity7h #EE A, porositys SAF-e] AFH S oAl 3t
o] 7% shek(nterfacial fracture)o] @ ojubAl st €olo] 7| wjol, 37 Fig. 19 Button diameter as a function of number of welds for the two
o|F A =] 49 peel test AF7F Ha UZ A7 3.34 mm o] FE& v sheet used.
=3 4 gl Aow AASATE AT button diameters FZFE ol <ols)
Egagol UZl wroz whAuztel wel 27 el xfolwk 91  3000ek3 714 - 8
Hz YA 279l 3.34 mm ©]4F¢] button diameter’} ¥+2= )Tk =} ;
ET.
AR
s _— \/ /.'
-n .I
s UV e
= 4l . s
= 3.34 mm
£ 9
=
/M .

0 500 1000 1500 2000 2500 3000
Weld Number

Fig. 20 Button diameter as a function of number of welds for the three

sheet used.



45 ADJAZA R

Fig. 2191 27 o]% 73 =3 A< 2000 714 9] Al gad A7
EFSATh A& HEH B Fol wEl vzl AAo] aste Adyt glernz
AEIAAE =3 U A% Zael bt A8 eert Ebsd A A
=g Uehd Aolgtal o=tk Fig. 19 o JERd button diameter 7494
2] AL F Fb mE AU s FA43 Fas BFHA ekdo
v FES ZAavh #EEAT 2000 7Rl RE S ERAIA SGACUD
0.7 mm 71%& 38AHAES 1.67 KNS TF3I3th 900 ERFeA =tE o=
3.35 KN7HA| ZHa¥ QIAAFEE A2 4 9o, o= A= mushrooming
Aol o3 M § 24 IR Addn

po o

B>

Fig. 2201 34 o1% 7% ZEel A% 3000 A AALLH 2
YeR et 3000872 SGACUD 0.7 mm 715 38047521 1.67 kN
et

o
it

o
)

373 olF AW =l 749, SGARC 340MPad 1.4 mm 733} SABC
1470MPaw 1.4 mm 7% Apolxtt wlwd <1 Z=7h w2 SGACUD 0.7 mm
SHE FA] Zof A A7 EEEE Heol std (Tear fracture)o] #HEE ATt 2
A olF A =Fol s ALKeRd ol e AWRIAZ =] vt a4 ¢
stttk ol 3 Ay 73 Abolo] F7hEl+= SABC 1470MPaw 1.4 mm 732
I3EA e R At BAl afe] MI Ago] 7] Wil LEFo|
o A s BAAZA UR A FFFe] vzl AR Alsdrh
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46 A= I35 #F

27 olF W =3 A% 20008HH ol F, AEzd mAgHo] QW R S
ASe AFsAnh 4 A5 wHd 9H& FE-SEME ol &3t #sinh
Fig. 23 A3te} o] M5 9 Akl AA o] a4l Fert #E=
th Fee ZA¥e] Fa f3d4=, o3 Ads S5yt A5 | At 4
HA Y B Ao AsdHT

vl A AR ZAFelA Fe 4o wt %7F ¥ 212 SGARC 14 mm 723}
SGACUD 0.7 mm Z#e] A3 HEH A, BAAZd wte Uzl A4 7ol
SGARC 340MPa & 14 mm Z¥ol|A] wE Alztel] A7) wf&l Ao =2 Ab
2T olHd 27 AW Bdel AR AT Fus FA FN T4 °
A4 Aow BAEUY] wjZolth

Element V¥t

&

Fig. 23 SEM micrograph of upper electrode of two sheet steel surface
after 2000 welds

Fig. 24 SEM micrograph of lower electrode of two sheet steel surface
after 2000 welds
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Fig. 21 Tensile-shear load as a function of number of welds for the two

sheet used.
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Fig. 22 Tensile-shear load as a function of number of welds for the three

sheet used.

Fig. 26& 4% #Z ©v& SEM-EDSE o] &3te] 23 Axjolr}, dntz o
2 gFotAd=F Aol Cu-Cr AFS AHEaAS A9, 379 Fo] #FdETn
&eA Arhlls] Fo 7H8 of) FEol s E= = base electrode material
AT 2o FFU4l Cu 9471 90 % ol FEAT, ol 7 oy
base electrode material &2 @37t A9 dojupA &k omdth 3t
2o g5+ innermost alloy layer 2 H Zn 2Ao] 60 wt % o] #Z
=T}, Fig. 279141 9] innermost alloy layer &-& Zn ZAo] 50 wt % o] @
ZEAnk gastel o 24dWsirl 7 §3FE el W= innermost alloy
layer & vlwsjRghe o), & Hge vmz AFo FF3) sHE AIFHTh
AR AFelA o FYgE Zlolgk AGE 4 gtk 7k 932l middle layer
FollMe 20 wt % o173 Zn Aol BAEYow, Ao AH A st
sl Ao Fu FF o] FL ALE A Wsly A7IA ok [1520]

rlo

A | Outermest alloy layer
i Middle layer
(y -brass)
c Innermost alloy layer
(£ -brass)
D Base electrode
(Cu)

Fig. 25 Typical alloying layers of electrode tip after electrode life test.
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Element | Wt % Element | Wt %
Al = Al 00.70
Cr Cr 03.25
Fe Fe 07.07
Cu Cu 27.42
In In 61.56

Element | Wt %

Al 01.73
Cr 01.30
Fe 01.84
Cu 90.25
In 04.88

Fig. 26 SEM images of cross-section of as upper electrode of after 2000
welds.

Element

Element | Wt %
Al

Cr 00.86
Fe 10.87
Cu 28.40
Zn 56.76

Element

Al 01.58
Cr 0157
Fe 00.84
Cu 96.00
In

Fig. 27 SEM images of cross-section of as lower electrode of after 2000
welds.
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Fig. 28 SEM micrograph of upper electrode of three sheet steel surface
after 3000 welds

Element Wt %
AL T 0234

Ciy 00.00

Fig. 29 SEM micrograph of upper electrode of three sheet steel surface
after 3000 welds
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Fig. 28, Fig. 29= 34 ol¥ ¥ =3 << 30008kd ol %, Auziel] 145
ol A" A 3t < FE-SEM& o]&3sto] #3k Aol 23
o|F ¥ =¥el M5 EW FE-SEM ZA¥el| wpe} 33 olF Zu = ¢
ANME el Fadag]l Fert Hlad RSl o weol §astso] #ay
ol 3& AL AT F AU T8y 3 olF A 9] A AR AF
7 S MF #W Fe U4 wt %= 2 10.88 wt % ©F 04.62 wt % = 71 2k
o|7F mHlstTt. o= A =3 F3tel A== SABC 1470 MPaw 3t 2=H
B AR 14 mme| 2A 54 F¥o= AsdEn 1953 SABC A2 ©a o]
oo gHEdart wel oy AoEA Hex 5Ad FFE VA= W
A, ANNAEE Tol w7] Wil HeH A w2 EAAZ o8 vZlo] ¥
dEnh a2 s nwA HeH et STt R 24 olF A =9 2
2 U FAol st Fa7tA %L A FEE AF A, s AT
Fe €& zpol7b 4] 82 Zlole} AlmHTh

M +
23
Bl
o
)
=3
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Fig. 307 Fig. 312 34 °lF 2% %o 4% st¢ 5 @dHS SEM-EDS
= o]&3ste] #F3 Aot Fig. 2601 Yehd A Ao 489 o
FAH AT H 2l outermost layer Foll A Zn ¥47F 5549 wt % HEHSIA
omn, o] 34 olF AW = A 00EPHAE ' UZ EEF
ok ¥ wdw Qs AT FEEvt Ed JAYPHL YFE o
w3} middle layerZ3} innermost alloy layer FolA % ¢=3t= s <F 40 wt
% © Zn ¥irt BFEHJT 7 of T F8<l base electrode material &
A a3t FFol UASERE 02 wt % vFe Zn Yirt BEEHAUC
Fig. 31 o Yehd shd= SEM-EDS Axte] 44, 24 olF 4% =3 Axe}
Hl=gk Aol #AFHAY FEst AAEHA e M of#f &<l base
electrode materialoll Al Zn ¥4 #HZFEHA &% o w, innermost ally layer Z
< A middle layer $7tA #537F MBH FolA= Zn d47t 60 wt % 7h
A A=A
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Fig. 30 SEM images of cross-section of as upper electrode of after 3000

welds.

Fig. 31 SEM images of cross-section of as lower electrode of after 3000

welds.
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Macro Micro

EFE = [Cross sections] [Cross sections]

100

500
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1500

2000

Fig. 32 Macrograph of cross section for resistance spot weld two sheet

combination steels.
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47 ALed o wE YUzl 34 v
Fig. 32 24 ol% 7% =FA A&etddd we UAdds F3dvde
o], 500Ebd ©elE ##E Aztolrt. 100Eb A 535 mm ¢l YR 7o
2000 EfdelA 3.88 mmE Fo|E Zlo] #AEUTh 99k o] UAAA =
S Ay 24l carbon imprint 4 23 2 peel test 2HE EQZ o4
o F AN
Solgt e HEA et 3UMEsE Sdgo] FastHA, vnd =
go] o &3 73 SGACUD 0.7 mm ZO& penetration ©] HZ3F ditol
AR Ak 9ok 22 WS 1000ekd A A FEsiAm 2000EH o A=
HE- 29 %0 2 penetrationo] 3] BE3 Aol BEHTh

o0k

e
N

0

9l A= 71AF Aol miEHol: &3 F4 HolA EAV H  des
ojulget. 1500 B} o] 5 button diameter, tensile test= #H4s§ =S T
Fatglon o2 HH(pressure welding)ell o3 &x{= o2z 74 3 &
H F4 FHA 2A7F 2 Zolgt wodrh
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Fig. 33& 37 ol%F 7% ZFolA ] vUAFLS FdAr A S o4, 500E-H
GolZ #FF Asfolrh. 4R A<l SGARC 340MPa & 14 mm $} 3t 4%
Q) 7% SABC 1470MPa & 1.4 mm Abole] 1zl F4-& A< 3000EH3d 74
penetration ©] 3k AV YIRS ERE micro AHRE AYUsHA ekstth 18
1} SABC 1470MPa & 1.4 mm ¢} SGACUD 0.7 mm AtojollA 24 o|F ZA3 =
F# U3 A penetrationt = #A|7} W s BAEHAT vnA o]
ARl A4 1000ER A dade] BEENoH HEH Bvl FMEFE
penetrationo] H#Z3F o] 7H&3lE AT

A4 1000Ek ol FellA= &3 49 7% SABC 1470 MPaw 14 mm 9} 3
7% SGACUD 0.7 mmzh 2 el ofsf &4 =7 wol 1A% g
DEFHOE &3 A SddlA EAVE 2 £ dLE ordoh
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Macro Micro
EHE = Cross sections Cross sections

500

1000

1500

2000

2500

3000

Fig. 33 Macrograph of cross section for resistance spot weld three sheet
combination steels.
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4) ARRIAAG S A 23 olF AW 23 37 olF AW 2% EFNA
H& &ARAEE WSS HEH AKER A UZle] wstel wek ¢
AAE as dAsigor) HEEI A 27 EdBA A 2R ge
AWt BFHAJS E=3 27 olF AW MY AS AAIAAEY i
7F A&AHo® WA 3 ol AW 2PelAE 31?_}?_]72}701_-_9] ezt A
A ekskth

5) & A3y} o] SGARC 340MPag 1.4 mm ¢} SGAUCD 0.7 mmE AM&3}
o YT FHEUAA A% BHE A9 AT A A}l o7 2dF
o) SHA mAA G0 O E o f2 penetratlon°l SGACUD 0.7 mm 3}% 7
T Ho® FEIA KT Po] #FHT

6) 279 olF AW 2%} 34 olF 2B =PoIM HEW AF A%EA
TR, S \_:L% A Fash zi #259Th SEM-EDSE ol §3hc]

#2923, Cu-Cr d4xvhe] Efé = FWA Fe 947 FE3tz <ls)
#HEH AT o2 F JqLE e }—t# A5 dus Axo) we FAd =5

H Ael7k Agieh 24 B 37 olF AW xHel AT FRAII srAFe
HAlE & A7k glont 4Al Aol s A= Aolrt EASH of
of whE AU FA Ask bsdol BAY Aoz Amch
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Asd 2 &

1) SGARC 340MPaw® 1.4 mm ¢} SGACUD 0.7 mm< AME3h= 24 & 23
23l A Cu-Cr A=< A83ted HE&HA, ofefa e &5 =3 15 ¢y, 245
kefoll A 2 F3hd(expulsionTWZ71L 8.2 kA otk F3hdd dAdz20)
A =200 A ARE 1AAS A 2IIERdNAY YA A4 L 5.3 mmolH
o] AAL HAUA AA d=4/t& w3 A Aolth

oz & Ay &RAFE AF viskHel ofst] A
Wy e Aol AFHUTE E AF A8d 27 o]
2o A BF o9 e o] AAHUL

, carbon imprint %75 Ao uwie} Aw=E < <t} carbon imprintoll
g 424 24 olFTx2HH 34 olF AW =¥ 4 Ve oivl AF
A4 WstE 1 mm ol 718 Ao #FEh E3F carbon imprint
g AT Aoy 274 Wzt A R A5 sk dFo] & Aelvt

=2
o
‘ r!r

3) dA&Ebdol 2 & wuitk A5 ¥ A7 o] F7ek= mushrooming F/dol
i ARFUEE YolAA foh dde] AAdFE AFALO PAHY WE
of 5YUT AFE A4 H ST A WP FAEA Aok FoAE B
Foll o3 HEH A e A UZl F Ao FolE Zlo] #AEFHULE ol
A FEPo] TSR gt 2749 28 olF 2T 2Pl g Tl
A BE AT ALGERd wel WA= FFFel AR AHS wESA H
232 4R el Yzl A7 wsyh ey 20008t ¥ HEHCZ 1 mm
o] YA AA vl B A
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axe 2

of AR A2 A B AATHL 1 ¢ AES o T T4 AY
DA AAYCE FAR vhes EYUT edES EAYUL. B9 %
Ag Az vz A= w‘a A7 AR @mEUAE e g =Y

et 3w,
S, g @aY, RED BLWAE AAEIU,

e e Fgl BY EolgAW, oA BY 1 AzEl AE A4
ZAAR 7 obd7t Fuh e @ & 9le W slop dThe ol ofA]

AP B2 AE A P TS vgoR OWE YHFL B 3%
ol @ wlg Hol B Aol W, W RolA AhE npgoT EEFE A
o], &8lo], ARol. I Ax A dFLdA A= AP
RE AES T Folon KU £4018, A4 A=A 24}
=4u,

W obduie, R7kol Al obsulnl mAZ AFAE vy olF %W
& gl ARE =YD opilA, 4B ATE 14T el BE AR
ok

AE oAl AFelA ol e A FukR
EHYT AE 4T A ofs RE AREC] 2
Fod FAHUL TAFU,

o
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