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A Study on the Prediction of Nugget Diameter of Resistance Spot
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Seok-Woo Shin”, Jong-Hun Lee’, Sang-Heup Park’
'Korea Institute of Industrial Technology
’GajinTech Co., Ltd.
’Department of Mechanical & Automotive Engineering, Kongju University

2 oF H AFak Aol AnEd B bdgtA] Zstel whet Ak AFsr 2o a5 wel DPZ(Dual
Phase steel), CP7(Complex Phase steel), MS”(Martensitic Steel), TRIPZJ(Transformation Induced Plasticity steel), TWIPZ
(Twinning Induced Plasticity steel) &2} 22 7% 700MPa ©]43] 1727 L(Ultra High Strength Steel)®] #-g-¢] F7}+
stal gtk YRS AAC A& HsixE EFsAel LFHem, AvF SHelA R ArAFgHEH
(Resistance Spot Welding, RSW)©| A &7 oA 80%o| 4oz 71 wo] 48+ 'E} 57: FE7re udds 9
SHF YA TS So|7] wio] durd o @ AJo] gotal Ao deA] Q) o]g s et A3h%

A SR GYe] FAEa EFFelA Adatd g FEA AT HAEE A oR BiaEo] glo] Ag 9
AR 5T o= EHFE W A7t &ids] A 9t ol wket A= A W S
W HEHE 23 3® 3 WS o] &ste] §4NY sATE RUHEPEL, o] A HEdA &5 F4
T2 g2 ot on, dado] e AAES o dst

UATE FEA) 50 Dhg PN $1 Faslel 0
of AFEAE ANGT ol DA AT A8o] A5 H7 Zag AN

Abstract In the automobile industry, in order to increase the fuel efficiency and conform to the safety regulations,
it is necessary to make the vehicles as light as possible. Therefore, it is crucial to manufacture dual phase steels,
complex phases steels, MS steels, TRIP steels, and TWIP from high strength steels with a tensile strength of 700Mpa
or more. In order to apply ultra-high tensile strength steel to the body, the welding process is essential. Resistance
spot welding, which is advantageous in terms of its cost, is used in more than 80% of cases in body welding. It
is generally accepted that ultra-high tensile strength steel has poor weldability, because its alloy element content is
increased to improve its strength. In the case of the resistance spot welding of ultra-high tensile steel, it has been
reported that the proper welding condition area is reduced and interfacial fracture and partial interfacial fracture occur
in the weld zone. Therefore, research into the welding quality judgment that can predict the defect and quality in
real time is being actively conducted. In this study, the dynamic resistance of the weld was monitored using the
secondary circuit process variables detected during resistance spot welding, and the factors necessary for the
determination of the welding quality were extracted from the dynamic resistance pattern. The correlations between
the extracted factors and the weld quality were analyzed and a regression analysis was carried out using highly
correlated pendulums. Based on this research, a regression model that can be applied to the field was proposed.

Keywords : Dynamic Resistance, Regression Model, Resistance Spot Welding, TRIP Steel, Weld Strength

"Corresponding Author : Seok-Woo Shin (Korea Institute of Industrial Technology)
Tel: +82-41-589-8585 email: swshin@kitech.re.kr

Received January 4, 2018 Revised January 29, 2018

Accepted March 9, 2018 Published March 31, 2018

52



B

~

ol
=n)
=
A

s

}AH& 1.2GPagd =1L

A

ki
—_—

W

i
R

B
o

N
-
oy
W
—_

M2

Atk

el

37 S AN

e
s

e e e e e

o w2} DP(Dual

Phase steel), CP(Complex Phase steel), MS(Martensitic

Steel), TRIP(Transformation Induced Plasticity steel),

@m

0fo

ol

o
700MPa ©]4+¢1 %1172 7(Ultra High Strength

1
=3

TWIP(Twinning Induced Plasticity steel) &2} %

Xol— 7OL 1=y

AR A A GO R

A
A

Aol M AREE A

H o
-

Ao

7}

=
o

Steel)] #-8-0]

4%

TRIP73 SGAFC1180

4

Fal

1.2GPa+s

L
L

A

H71 #18iA

9|

2 Fig.13} 2o
7] 100mm, < 30mm=

3%

94?‘5

2

o]

3]
=4

bick. ol A

23

1.2t5 A}

&% (Resistance Spot Welding)©]

A S AA 80%01 ez 71 wol ALEa gltk

[2].

Z]
=

5

A fre@ 4714

A 6mmel Cu-CrA] 2]

o
=

}3ith Table 1

A3

S A dAs UERIH.

ISO 18278-2:2004(E) 'Specific conditions for

o
=

&5

4

ok

2

=
-

steel sheet customer qualification ©IlA]

= Ao 2 Hiy o]

5

Astero] 1wy

~
|

Table 1. Chemical composition and mechanical properties

=5 o8

T
oy

of the investigated base metal

o

‘SE .
I
wnz= e 2>
EEH B 8
v~ | =3
I E| :
EZl-|+|S
EEIT|YT
(o] -~
e = g
S =
.2
=| =
~[2] B |E.
S EZ2]lem|a
—- ES -
Slel«| 2|2
=[] =
]
| = = n | <2 =
Al | 2 1282
£ 81% 8
ol 3|5 |5]E|2
olz o O &
T
to N %0 T %o o "R
g & T T M R ™R
m AT Eo Xy g ;Ir\_y| Dr.c io
S oM e® wo
SRRy W T oy
A AN 70 = = =
=,
«TEFE Tk
o X Lor oM m
T O o= T a
o © = b, © oK 5o
Wb %O ! uy ° " ol
> o e g o X
3 ot s X o
9] T o
- RE oo o B omo )
> &0 m, ;:E I,Alvrﬂ ME HT o5
T oo TR o
= < T oo AR
< - o#a S O~
= B o Ho =r . ) w
e Gl P A i
SR A Bl
T M 2T g BT
- O
L A
woogr O g R %o
BTN KK B M B

0e 1l
]
1 ﬁ
8 [
I
o DT o T X
HT X ‘Wrw ﬂm]U uma Eo
ST Lw T
R e X
N
wom M Bﬁ ] m”ﬂ oo
*ETL *F
BT o b
ol Nome WX X %
o % Ar T Fe O
N NG G
oomoo ™
LIS T VIR 2
e
w T B Hin T o
R :.L o e B! :.L
oo P wowm
ol &N ™ ~
oo o B
w2 El

= XX — A
o PR LB
Mo L P o gk
N HE oo, T %R DS

Fig. 1. Schematic drawing of the specimen (Unit: mm)

el A

)

FaL, o] A

SERE

5

ro el
By

53



B AbEl | &8t EA) A9 A3B, 2018

3. 23 M {2 X|E I I N B s i e g R e e
=), o= A 7o) A Aze] Aol
A% A BRI ZEFAS olgdte] $HHE A sy, ASEEA AW FEAG] ZojEo] Aol
itk 2R 34 309 99 HM, & Foj5y) wjRoth. W= shereEo] 200kg, 300kg
AR UL 714 S22 AT 7R 2 400kgr 2 BolE4E AL H 2] Wt HolAE
17 47 39 2T 2ol WSk 920l e A1 5 ek ol JRHEe] FrleA HEA
oH7] g2 adtal B2 AFE 78] ek 0250
I ATl A= SGAFC1180 1.2t & 2 d 8343 2 o)%slw, A= #o| SollbHA £§3%e B
of QIEAT Aol 2oy TS VFOR REINS Ftnn A ] AXA HuA e i
X733k a1 1 AWE Table 3] YERASITE &2 Aol o2& o0z o|%31 i seArt) ﬁ | ol
A AREE 71 G = A EAPAR A A A B Bl= AR Zo| I7] wjRol| AAHo T AALH LT
7+ %= (minimum tensile strength: 9.7kN)E- %]-8-3}%3t}. HeE woxA Aok
Y REE AR W TR AN A 2 e VA ARS 47 E40) Bu )ze
AR RSk SR E 2 Ao ko A 2 AA35tor, KS B 0854 method of macro test
A2 29 sMow AT skl ® A4 & for section of spot welded joint; o &8 TAAIE S
e AYEHTROR F0 FMoR ekl Bato] 7t gAY UA AFE Fala 1 dnE
Table 3014 B npel Zo] S5 AFAGHE  Fig. 2¢] Uehgith
Rkl 27} 7kt &HARe] Sl dE Fote) AUt 07 SHARI} Z71eRE wd o] AR
B AL BT 5 Auk o= WE Aol @ welo] Aol elshy] gjFo] Ul ASo] F45ka, £3A
A Algte] S7kETE UA AFs S7MI7I ool glo] Srbalrs g ® wE Srksle] YAl X Fol &
uhet A AE=TE SR R 22 AFRUY Al sleke AL Feld 4 gtk
Table 3. Welding lobe curve for SGAFC1180 1.2t sheet
((a) Electrode force=200kgf, (b) Electrode force=300kgf, (c) Electrode force=400 kgf)
(a)
Time Current[kA]
[cycle] 3 4 5 6 7 8 9 10 11
24 3.81 10.29 1521 18.38 19.89 20.06 - - -
21 3.89 9.90 14.39 18.34 18.55 19.78 - - -
18 3.68 9.72 14.54 17.81 18.17 19.61 - - -
15 3.67 8.81 14.03 17.46 17.58 18.83 - - -
12 3.54 8.56 13.75 17.13 17.92 18.54 19.27 - -
(b)
Time Current[kA]
[cycle] 3 4 5 6 7 8 9 10 11
24 0 6.49 12.13 17.84 19.95 20.76 21.06 21.29 -
21 0 6.13 11.93 17.50 19.42 20.06 21.76 21.83 -
18 0 6.27 11.75 17.71 19.07 20.11 21.32 21.41 -
15 0 5.81 11.58 16.83 18.63 19.28 20.73 21.02 -
12 0 6.04 11.32 15.83 18.27 19.12 20.12 21.29 -
(©)
Time Current[kA]
[cycle] 3 4 5 6 7 8 9 10 11
24 0 0 9.83 17.85 19.52 20.61 2097 21.98 2225
21 0 0 9.07 17.72 19.82 20.42 2034 21.87 21.64
18 0 0 9.21 17.37 19.29 19.90 20.13 21.79 21.05
15 0 0 9.23 16.76 19.16 20.52 20.63 21.18 2061
12 0 0 8.97 16.28 19.56 20.05 19.97 20.54 19.81
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o YA AF YD 5§ W4 ok Q1 X1~X10 AF - 22 [B-peak TA T gk X39 71 914 X47F 3
ole] 43 WAL Falo] Agkel WAS el Ao LA AF YD} 0.88014] A AGE ekl
a0z g AR} F5 WS Aolol A AL 3 glo] B MFYS welFrk X35k X4 Aol Y
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Table 4. Correlation matrix of independent variables
YD X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
YD 1.000 -0.643 -0.231 0.904 0889  -0.022 0.814 0.854  -0.802 0722 -0.156
X1 -0.643 1.000 0.339 0.783 0.608 0.037 0457 0.794 0.289 0.567 0.467
X2 -0.231 0.339 1.000 0.080 0.101 0.808  -0.343 0318 -0.188 0.297 -0.167
X3 -0.904 0.783 0.080 1.000 0.921 0.177 -0.730 0.893 0.821 0.748 0.281
X4 -0.889 0.608 0.101 0.921 1.000 0.123 -0.861 0.850 0.861 0.729 0.127
X5 0.022 0037  -0.808 0.177 0.123 1.000 0.078 -0.049 0.306 0.116 0415
X6 0.814 0457 -0343 20.730  -0.861 0.078 1.000 0757 -0704 0627  -0.065
X7 -0.854 0.794 0318 0.893 0.850 0.049 0757 1.000 0.647 0.834 0.180
X8 -0.802 0.289 -0.188 0.821 0.861 0.306 -0.704 0.647 1.000 0.632 0.005
X9 -0.722 0.567 0.297 0.748 0.729 0116 -0.627 0.834 0.632 1.000 -0.265
X10 -0.156 0.467 -0.167 0.281 0.127 0.415 -0.065 0.180 0.005 -0.265 1.000
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Atk g7 Bde A ()9k o] AP nd
(multiple linear regression model)S A5kt Y=28.308 —1.047X, —0.619.X, +0.135.X,
—0.009.X; +0.269.X; —0.423.X; 2)
—0.209.X; +0.329.X, +0.009.X,,
Y= 0y + 68, +5,X, + 0,X, + 5 X;
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Table 5. Significant probabilities of regression coefficient for model I

Entered factors
Model no. R2 Sftd. Error
Constant | X1 X2 X4 X5 X6 X7 X8 X9 X10 of estimate
Model I 8.308 -1.047 | -0.619 | 0.135 | -0.009 | 0.269 | -0.423 | -0209 | 0329 | 0.009 | 0.971 0.1987

Table 6. Entered variables and significant probabilities of regression coefficient for backward elimination analysis

for model I
Model no. Entered factors R Std. Em)r of
Constant X1 X2 X4 X6 X7 X8 X9 estimate
Model II-1 8.266 -0.964 -0.612 0.118 0.257 -0.376 -0.206 0.235 0.966 0.2160
Model II-2 8.301 -0.858 -0.637 - 0.178 -0.362 -0.190 0.243 0.965 0.2233
Model II-3 8.208 -1.093 -0.640 - 0.242 - -0.196 0.106 0.960 0.2346
Model 11-4 8.177 -1.052 -0.588 - 0.253 - -0.187 - 0.957 0.2489
Model II-5 9.085 -1.092 -0.813 - - - -0.222 - 0.950 0.2647
AA SHUFE 39 2 BYs 5 39 A F dSel M F 9FE vAE A= a-peaks}
Fol 850] 0.10 o]4to] =W g2tAlzl At ZF dAE peak BA T A X80H, a-peak FAE X10] v
ARATE SV AT A o] FAAd 1t o2 Fad dxE #AHEHITh
2 93 5ol AHL IS ¢ 5 otk Bl -5
oAM= W4 X1, X2, X8 T FlE o] AAAS 0.957 8 . - - - - -
TE22F 026475 UYEMGI R, o]5 Y tes AR 7H . .
Aol 2T BN AAEI A 3)E 2 1 ! . ]
59 844 ek gl e ]
g .0"
Y=9.085—1.092X, —0.813.X,—0.222X; (3 2 2t ]
T—z 3 . .
5.3 3|FRHWol 2Ft 4 XIZ o= Tap v 1
8191 2 A4l AREESIE 30719 HlelHE 319 e
/}_]Ioﬂ Zjl%‘/\]ﬁ Oé_\_‘i_ Oq]—:_lZ— ]:131 X]—E—Iq— /g,_]zﬂ L“ﬁl %U‘iq Measured nugget diameter [mm]
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o] Telo] ALLE] o o o Fig. 7. Relationship between measured and estimated
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45 Table 79 YERRITE o] Axjol] wz2w |7l #| Model I, (b) Model II-5)
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