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Nomenclature

i cross section of conductor

. electrode force

: force of the molten metal

: data number

. welding current

: thermal conductivity

. length of conductor

. total data number

. objective function value for tensile shear strength
:/objective function value for welding current
. objective function value for welding time

. objective function value for spatter

. internal pressure of the molten metal
:*heating value

. eleetric resistance

. coefficient. of «determination

. welding time

: temperature

. temperature at the interface

. weight value for objective function of tensile shear
strength

. weight value for objective function of welding current
. weight value for objective function of welding time

. weight value for objective function of spatter

[A]

[mm)]

[Pa]
[J/mm?]
[2]

[cycle]
(K]
(K]



T . welding current of regression model

Ty . welding time of regression model

Ty . electrode force of regression model

Z, . material of basemetal I of regression model

Ty . material of basemetal II of regression model

Tg : thickness of basemetal I of regression model

T, : thickness of basemetal II of regression model

L1718 . input variable for tensile shear strength in objective
function

T1T8, 4 . input variable for acceptable tensile shear-strength in

objective function

Tyo . input ‘variable for welding current in objective function
T ywr . input variable for welding time in objective function

Y . tensile shear strength by simulation

3} ;. tensile shear strength value through estimation model
B . intercept of y-axis

Bi~Bs; ¢ coefficient-of regression model

p . specific resistance of conductor

P1s Po . specific resistance of the material

Peontact . contact resistance

Peontaminant - resistance by contamination of contact surface
o, . contact normal stress at the interface

Os_soft . metal stress of weak hardness

_iv_

[kN]
[kN]
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Table 1.1

Changes in automobile materials [1]

material (lbs) 1975 2005 2007 2015 variation

Mild Steel 2,180 1,751 1,748 1,314 866 |

HSS 140 324 334 315 1751

AHSS - 111 149 403 403 1

Other Steels 65 76 76 77 121

Iron 585 290 284 244 341

Aluminum 84 307 327 374 290 1

Magnesium - 9 9 22 221

Other Metals 120 150 149 145 251

Plastic/Composites 180 335 340 364 1841

Other Materials 546 629 634 650 104 1

Total Pounds 3,900 3,982 4,050 3,908 81
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Table 3.1 Chemical composition (wt%)

element ]
C Mn Si Cr Mo other
Steel
DP780 0.07 2.4 1.05 0.1 0.03 0.21
SPRC440 0.09 1.4 0.14 0.1 0.05 0.21
DP590 0.095 1.9 0.16 - 0.09 -
Fig—3.1 Mesh of steel

sheet and electrode for

numerical simulation
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Fig. 3.2 Setting of simulation conditions
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200kgf 200kgf
current 3kA 4kA 5kA 6kA 7kA current 3kA 4kA 5kA 6kA 7kA
21cyde o| g 21cyde FEs e e |-
Nugget(mm) 0 Nugget(mm) 2.358 3.553 4.36 5.053 5.551
300kgf
current 4kA current 4kA 5kA 6kA 7kA 8kA
21cyde 21cyde — | —— | — -
Nugget(mm) 3.7 Nugget(mm) 2.99 4.132 4.815 5.461 5.819
400kgf
current 5kA current 5kA 6kA 7kA 8kA 9kA
21cyce | 2cyde | M= | pE— | — | — | r—
Nugget(mm) 4.1 Nugget(mm) 3.715 4.66 5.288 5.839 6.205

(a) Experiment result

(b) Simulation relsut

Fig. 3.3 Nugget diameter and cross section of DP780 1.0t steel sheets

200kgf 200kgf
current 3kA 4kA S5kA 6kA current 3kA 4kA S5kA 6kA TkA
| ¥ R 3 = Y T ) T
aqce | DN | N (| S 21cyce | ST NG | IO | NN | =
Nuggetmm)| 2.7 4.1 4.8 5.8 6.1 Nugget(mm)|  2.42 3.781 4.615 5.216 5.863
300kgf = 300kgf
current 4kA 5kA 6kA TkA 8kA current | 4kA 5kA 6kA 7kA 8kA
21cyce | [ S R oo || ] | e | [ | ()
Nuggetmm)| 3.5 _66 6.7 Nuggetmm)| 2.921 4.273 5.143 5.796 6.285
_% ) 400kgf
current 5kA 8kA 9kA current 5kA 6kA 7kA 8kA 9kA
21ce | [ & H || 2cce || )] | (G | () | [am»)
Nuggetmm)| 4.3 7.5 6.6 Nugget(mm)|  3.813 4951 5.691 6.235 6.652

(a) Experiment result

(b) Simulation relsut

Fig. 3.4 Nugget diameter and cross section of DP780 1.4t steel sheets

200kgf 200kgf
current 4kA 5kA 6kA 7kA 8kA current 4kA 5kA 6kA 7kA 8kA
10cyce | | | I | | T | | | 0cyce T | e | e | s
Nugget(mm) 34 4.1 4.4 5.3 5.5 Nugget(mm) 3.226 3.852 4.383 4.859 5.247
300kgf 300kgf
current 5kA 6kA 7kA 8kA 9kA current 5kA 6kA 7kA 8kA 9kA
10eyce | [ | | | | | | 10cyce I | E— | — | —
Nugget(mm) 4 4.5 5.1 5.7 5.4 Nugget(mm) 3.62 4.239 4.794 5.186 5.595
400kgf 400kgf
current 6kA 7kA 8kA 9kA 10kA current 6kA 7kA 8kA 9kA 10kA
rocyce | T | | | O | | oy | | s | v | e | o
Nugget(mm) 5.4 5.6 5.9 6.2 6.1 Nugget(mm) 4.146 4.698 5.178 5.498 5.881

(a) Experiment result

(b) Simulation relsut

Fig. 3.5 Nugget diameter and cross section of DP530 1.0t steel sheets
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(c) Weld Current : 9 kA
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3.6 Temperature distribution
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S 7270l & DP7800] ¥gdo] AA dojuA Hil Tzlsto] FEXFO] oEA
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Table 3.4 Acceptable tensile shear strength (kN)

Steel 1.0t 1.4t

DP780 6.76 11.4
SPRC440 3.92 -
DP590 5.54 3

Table 3.5 Tensile shear strength of DP780 1.0t steel sheets (kN)

24 [581 @ .56
21 |505] 938
200 18 | 430 | 935 11136

15 396 | 9.32 | 10.97 |
12 397 | 881 | 10.62
24 0 | 790 | 11.14
21 0 | 790 | 10.91
300 18 0 | 790 | 10.71
15 0 | 789 | 10.57
12 0 | 777 | 1022
24 0 0 9.84
21 0 0 9.81
400 18 0 0 9.76
15 0 0 9.44
12 0 0 8.88
Force | Time
3KA | 4kA | 5KA
(kgf) | (cycle)
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Table 3.6 Tensile shear strength of DP780 1.4t steel sheets (kN)

24 [ 5721407 | 2054 YA 26.44
21 | 550 | 1341 | 19.98 | 22.82 Sl 27.73
200 18 | 445 1294 | 1850 | 22.21 W% 26.83
15 | 364 | 1236 | 16.94 | 21.46 M 2568
12 [311]11.06 | 1565 | 20.23 24.24
24 0 | 836 | 1855 | 22.87 | 26.13 % 30.34
21 0 | 749 | 1713 ] 2250 | 25.36 | 27.49 BEZRER 31.18
300 18 0 | 663 | 1632 | 21.74 | 2452 | 2661 s 30.43
15 0 | 562 | 1542 | 2057 | 23.36 | 25.68 M 28.30
12 0 | 463 | 1349 | 19.07 | 22.13 | 24.09 B8 27.66
24 0 | 036 | 1494 | 2223 | 25.34 | 27.92 BENN 31.72
21 0 | 0.15 | 1364 21. 89 | 27.27 PSRN 31.02
400 18 0 0 56 | 20. 1 44 | 2839 JEORGN 31.60
15 0 0 [1166]20.27 | 2287 | 25.32 [27.30 PRIl 30.64
12 0 0 | 839 | 1851 | 2201 |- 2414 | 2609 | 2761 NN
Force | Time
3KA | 4KA | 5KA | BkA~, 7kA | 8KA| 9KA |"10kA | 11kA
(kgf) | (cycle)
Table 3.7 Tensile shear strength of DP780 1.0t and 1.4t steel sheets
(kN)
24 | 626] 9.80 . Il 15.14
21 [6.15 [29.76 | 1201 | | Al 16.22
200 18 .6.07 | 11.82 | 13148 RN 15.73
15 | 6.01 41.21 | 12.78 L 1521
12 | 587 ‘-qyﬁ 2 SN 1466
24 0 | 826 | 1 6 17.69
21 0 | 806 | 11.24 | 1337 | 1489 | 16.12 Bl 18.31
300 18 0 | 753 | 11.10 | 13.05 | 14.63 | 1554 LI 17.75
15 0 | 753 [ 1080 | 1260 | 13.98 | 15.07 BLAEN 17.13
12 0 | 653 | 1059 | 12.01 | 1351 | 14.66 o 16.36
24 0 | 055 | 1047 | 13.11 | 14.80 | 16.15 | 17.45 RN 19.97
21 0 | 046 | 1036 | 1266 | 1455 | 1597 | 17.17 BE 19.53
400 18 0 | 038 | 10.09 | 1248 | 14.15 | 1564 | 16.46 ol 18.78
15 0 | 0.16 | 982 | 1215 | 1385 | 14.97 | 16.11 ‘N 18.14
12 0 0 943 | 11.87 | 1325 | 14.32 | 15.43 | 16.31
Force | Time
3kA | 4KA | 5KA | BkA | 7KA | 8KA | OkA | 10kA | 11KA
(kgf) | (cycle)

_31_



Table 3.8 Tensile shear strength of DP780 and SPRC440 1.0t steel
sheets (kN)

24 1.81 | 537 | 649 | 7.51
21 1.81 | 525 | 646 | 746
200 18 1.81| 515 | 641 | 7.38
15 1.81 ] 507 | 625 | 7.23

12 | 154 | 493 | 607 | 691
24 0 | 186 | 622 | 7.28
o1 0 | 148 | 619 | 7.19
300 18 0 | 130 | 6.14 | 7.09
15 0 | 124 | 586 | 697
12 0 | 110 | 571 | 682 | 7.48
21 0 D Pl ! &L
400 18 0 |50, ®aet67m —ar
15 0| o | 265 | 648 | 7.68
12 0] 0 | 196 |.6lBg | 7.28
F(Eg]f)e (Z;’;g) 3KA | 4kAT| KA | BKAL | T7KA

Table 3.9 Tensile shear strengthl of DP780 and DP590 1.0t steel
sheets (kN)

24 [432].725 | 883 Tl 1248

21 43600221 | 878 | 1023 IREWAN 1220
200 18 | 434 =873 | 10.03 [RRKR 11.87

15 | 448 [~2.05 ] el 11.65

12 | 257| 6831824 | 9 N 1183

24 0 | 514 | 869 | 983 | 11.18 | 12.30 14.02

21 0 | 500 | 845 | 974 | 11.05 | 12.10 BRPXEN 13.80
300 18 0 | 500 | 828 | 972 | 1092 | 11.77 BRPXeN 13.56

15 0 | 454 | 809 | 953 | 1055 | 1151 Il 13.00

12 0 | 343 | 767 | 913 | 1021 | 11.14 12.58

24 0 0 | 755 | 963 | 1084 | 1198 | 1307 JREXZH 15.16

o1 0 0 | 732 | 951 | 1077 | 11.88 | 12.72 WRENLN 14.77
400 18 0 0 | 693 | 926 | 1061 | 1157 | 1253 KRN 14.19

15 0 0 | 669 | 897 | 1041 | 11.16 | 1229 | 12.85

12 0 0 | 666 | 867 | 987 | 1086 | 11.66 | 12.49 [WEXs
Force | Time | 4 a | 4kA | 5kA | 6KA | 7KA | BKA | OKA | 10kA | 11kA
(kgf) | (cycle)
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4.1 APAGHEE o522

4.1.1 3] {2 A[25][26]

gfluge of ndex 8% IPRUREL YA 2712 d5sts o
ol AREEAL QUTH12][13].

B AL SR BAS UEY & db APAUPED dSst] st
of 37ixle] 517 RWE ARSI A WA dude ofE A Aed
(multiple linear regression model)2 Al (4.1) ¥ o] Aolstgct = WA=
AAISE HEERL 22Xt OhgE-3 H2 P (second order polynomial regression

model)2 A= Q12

oo

FSo meng L YUARC 2AFE S TS w2

A (4.2) o Zol AYstAtt. Al WA el S| 23S ARG5S

7
y=0+ Eﬂixi (4.1)

i=1

7 7
y= 0o+ Eﬁixi + Z@j@% (4.2)

i=1 i<j

7
y= By + Y Blnz; (4.3)
i=1
7} FRdo] QUwisL mQEAYAll LA
Ty T, 2 HOSIYI, Eah B =50 Waza W U SAS 15Hs] G
of 7w AYR, 7Hwo0] AR, ZuIo] S| W2 SAS Uwisz 7t

Ty Ty T Tp 2 OIS Bz SRAHT BUHE SRl QAT

FE2 y 2 st 84 WAl U APHALEE oI5t ) oA



AA|FH(method of least

_@4

By A= 7 A4 Axte) Ax oz, A% gL

squares)2 ©0]&3to] 75ttt

os AY e HEZEA Model 19 ZF & A4S Table 4.1 of YeRHITH 7]

A By &= 7Pm19] A A4old ZHH1e DP7800]7] wRo] & =AUt W

W 7R "t b dadtos fgstol ARG 21 (pooling)stlal, Al

2 A2 BolA AUt ERF [ 2 FT29 FA0lH R0l UL ol @

Table 4.1 Coefficientsfor Model I (multiple linear regression model)

6() ﬁ1 ﬁg 63 64 65 66 67
-30.7 2.31 0.099 0.0143 0.0157 — 17.8 -

Model 11 = 2} o} gy ez 2k A5HS Table 4.2 o] UEUQch BE
Model I i} 543t QARG E3 5 0] 4

>~

nz
=)
127
rg

O
19

oXx
i)
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zQ
rr
o2
fuln
rlo

2 7HRIA] g e AT R

Table 4.2 Coefficients for Model II (second order ‘polynomial regression

model)
By By By Bs By Bs Be Br
9.17 -2.48 [-3.39%107!] -8.7%107° |9.8+107°| - -16.4 -
Bia Bis B4 Bis Bi Bz Bos By
2.97x107%5.2%107%] 2.37%10°° - 5.08 - 8.7¢107° [1.03x10™*
Bas Bag Bar By Bss Bsg Bsz Bus
- 0.46 - -1.6%107 - -2.03 - -
B Buz Bse Bsz Ber By B B3
- - - - - -0.339(-9.24%107% -4%10°°
B Bss Bee Brr
-5%10°° - - -
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Model I & T} B]A1Y 8920l 1 2} o] A4t Table 4.3 of Uehhgl
tf. Model I ¥ §UsHA 210 APL F2P02 oAt &
of £AE ool ol eAfRel EUuo] 72 PO ALt met 2t

Table 4.3 Coefficients for Model III (multiple nonlinear regression model)

B 5 B B B Bs Bs By
-61 142 | 174 [ 363 | 9.44 - 21.3 -

o2l 3714 APAUAE 3]PLAS ol fslo] Algeoldo] ZAuE ulwstol
35 Qlbx| Gopmolth. dolHE AmEl A4 £ ¥
WG ARA| LES AQlstn & 572742 AHEstol BlLstAth 2 2] o5
ROT] JL2EG A B0 Ao JdFF TR, A
252 o2 oS3 QAETRE 2 AAste] o5 AT Uehjoln.

Fig. 4.1 2 Model I 9 oI5 272 ubehd Zolch. iz o] chzuoz
EAY Mol VH2AE oS ko] S48t Zoler. Txol R Bret 2o 7}
2504 1 kN oA 17 kN JoAE 22 5452 7RlE 2g e & 9
AP, 7h2E 0 KN oJAE. @A Uehbs 21g stlghia glon] stz o] 17
KN o] mjolli= AlATof) CharE el A (9 28 solst & glrt.

Fig. 4.2 &= Model Il 9] 0|5 ZutS terd Zlojct. Model 1 of wls) HAIA
o2 Ao sprto] Bmeo] Yt 2L HAT 4 9lon] o SH5o| e 95
ge & 4 ek k2S04 0 kN of sigste ol S0l QAL A Uehix)
o dlojEjo] QAH- 6 kN olstd g AT & 9li, ol 58 AR

o A
A HAY 2 ] Go] AP Sl ARl Ytk A =

=
38|
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o
Ho
>
o
2
b
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AN
Fig. 4.3 2 Model Il 9] o&Zo|t}, Jng AHEH Model I BT} o5&

450] 9A3AIT Model 11 o u]3] o550l ki Holge iz 4 gk
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Table 4.4 Coefficient of determination and average error rate for Model
[ ~ I

Model 1 Model II Model III
Coefficient of
S 0.81 0.96 0.85
determination
Average error rate 0.193 0.091 0.188
35
30
(o]
| e
g" o o°°g°o°
g 9 5 §0F 00
S 8
2 2 : gﬁi %eoé;’oo
% o ﬁ@ 8°°d°>°°
o 15 - ° f] ° e
g % 99°°Q’
K] (e
T 10
®
£
3 s
° /0
2
0 1 1 1 1
0 5 10 15 20 25 30 35

Simulation tensile shear strength(kN)

Fig. 4.1 Estimation results of Model I (multiple

linear regression model)
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4.2 Estimation results of Model II (second

order polynomial regression model)

000 %‘c);
0" >500
@oﬁgo
N 095 o®
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Q @oo
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0® S
#°¢
ﬁ 1 1 1 1
0 5 10 15 20 25 30 35

Simulation tensile shear strength(kN)

Fig. 4.3 Estimation results of Model III (multiple

nonlinear regression model)
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Table 4.5 Coefficients for Model IV (Stepwise regression model)

By 5 B By By Bs Bs By
-3.27 | -1.88 | 0.0183 [ 0.00515]0.00239 | 4.75 | -0.0392] -0.343

ol2|st ©AE I ofF Zuts Fig 4.4 o] YeUQIct I€S AHEH
Model I, Model Il Btt= &° o|& HL2 71x|1, Model II Btl= o& M
o] &g GolXl&= AS AT & oot sHAIRE AAAR] olE s
< &I £ A, 7t2F 0 kN oA ofF Zx} o] shte] diolHE Alefsty
kN o]siQl & &1 47} mEoll Model IV 9] d&/d52 55}
odel 1V 9] S|AAl H =g dotH 7] 95t 2RA
APA+= 0.959, B+ QALEL 0.0962=2 UIE}
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Fig. 4.4 Estimation results of Model IV (stepwise

regression model)
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4.1.3 9jHRAY FAA 797J[26]
A% oM AAlGE & 47HA] REo] Oigh BatE AHETh ST 25 o &
ARL 78S HBH] Hstd b mRlof] tiste| F4EA(analysis  of

variation : ANOVA)S 4385191
B 7Hd AAolt. & =wollAe Algdold Axte] QAR =0 dist 2y
QoA AAIgH 471K 2Ho] RARREAO|AL Fy = 211 HdAlgol oigh £HRt

o] FuAlEel vl2A Fo 9 ol IH Y29 A =(precision)’t £t & 4

~
otk E3 F(0.05) F-2759 99 252 Uet 2102 947 95%q] o

+

St F 7]2FXR](critical value)o]th
Zt =do] tfste] Z4kEA AMS Table 4.6 oA Table 4.9 71X At di=
LFERA QI 47tx]9] ndl 5402 FQ o] gho] F(0.05) Hrt mfe & 7s &

AT 4 91T, o2 ]oiwo} 2 RElS] QMR ft FHRA] S5
Zol ke AL wely 4 .
Table 4.6 ANOVA.for Model I (multiple linear-regression model)
Sum of Degree Mean
Factor Fo F(0.05)
square of freedom squre
Regression 25247.7 6 4207.9 415.49 2.11
Residual 5722.1 565 10.1
Total 30969.8 571
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Table 4.7 ANOVA for Model II (second order polynomial regression

model)
Sum of Degree Mean
Factor Fo F(0.05)
square of freedom square
Regression 29845.3 22 1356.6 662.32 1.56
Residual 1124.5 549 2.0
Total 30969.8 571

Table 4.8 ANOVA for Model III (multiple nonlinear regression model)

Sum of Degree Mean
Factor Fo F(0.05)
square of freedom square
Regression 26442.8 6 4407.1 550.04 2.11
Residual 4527.0 565 8.0
Total 30969.8 WAl

Table 4.9 ANOVA for Model TV (stepwise regression model)

Sum of Degree Mean
Factor Fo F(0.05)
square of freedom square
Regression 29707.6 7 4243.9 1896.36 2.03
Residual 1262.2 564 2.2
Total 30969.8 571

4.2 A0 o5R2
4.2.1 A7 3 2Y[27]

SR B BAYL APAUYmo] OfF o5 2L F HolA AASY
o ShAlg QT Egto R §REe| AL ClEslyldE ofrtn wslo]
SR BAS UEY & At T WA AR AnES MYt Anes
8RR oI APHUPES MM Q42 SHE B FA e
242 Agsta 9ot

_42_



1 9
it melo] A2 Fig. 4.5 9 ZFo] 174

[9)

=

=

[9)

ofl

=

=2

I} &
tol =23 Aot

EaS

otch.

[9)

[<)

Fost

[9)

29g A4
A7 Bl2Ye ol g

(output

io
r

K

==

2]a
17§9] =

rl

layer)

%(hiden

ar

279]

layer)xt

= (input

mr
5D

==

1

o
=

=z

e

Al

|

L.

(node)=
jj &

A

|

H gloJE]

toict.
Q

[

9

ol A
of A}

77H: 87Hr 77Hy
S

AR EH1A].

Al
Aok error backpropagation), &ild]&

|

L.

[9)

e o]

o

=2

A

SEX
o 59

|

L.

s
T

(training)

=10
=

H dlolE 7H

o

Az Agstan. £ Fee

oyt e}
o] ol Ag

oju

%A},

of

9

Q

) ol
olad
=N |
= 0|8

=2

(learning rate)=

0.92 AAsIict
- 43 -

)

=

(tangent-sigmoid)
2] &(Levenberg-Marquardt algorithm)

AASH= A3 (transfer function)2

|

(momentum parameter)
72 o] 85toitt.
HAIE A]12o0]



Welding

current
Welding
time
\ AN \.\) 4
Electrode ANXT NN
WY SOV
force \,«gs;;?’#,j;',é ’ 4\\\)@»@,@;{
R ;‘o,A' A )
IANERNT N
base metal 5}’?‘:&{‘;‘31(’3‘( >°!0):9,?\0‘§1:‘\7 o spattor
‘.’N‘! W ¢'§\ A’: AR p
0(}1}‘&‘,‘\“? \"'b“ \‘N"‘\
Type of ) v/ Ak
base metal 2 N ) 7
) '\ A IN ‘ ()
> 0N

Thickness of
base metal 1

Thickness of
base metal 2

Fig. 4.5 Neural network model for spatter estimation
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Table 4.10 Spatter prediction result of DP780 1.0t steel sheets

200 18

300 18

400 18"

Force | Time
(kgf) (l:ycle)

24
21
200 18
15
12

24
21
300 18
15
12

24
21
400 18
15
12

Force | Time
(kgf) | (cycle)
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Table 4.12 Spatter prediction result of DP780 1.0t and 1.4t steel
sheets

24
21
200 18
15
12

24
21
300 18
15
12

24
21
400 18
15

12 | A

Force | Time
3kA
(kgf) | (cycle) ;

200

300

400

Force
(kgf)
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Table 4.14 Spatter prediction result of DP780 and DP590 1.0t steel

sheets
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Table 4.15 Acceptable welding range prediction result of DP780 1.0t

steel sheets

24 [441] 822 [ 11.33] 1376 16.94 [ 16.62 | 15.62
21 | 425]| 800 | 11.06 | 13.43 16.44 | 16.08 | 15.02
200 18 408 | 778 | 10.78 | 13.10 1595 | 1553 | 14.42
15 [392] 756 | 1051 | 1277 15.46 | 14.98 | 13.81
12 [375] 7.34 | 10.23 | 12.44 14.96 | 14.43 | 13.21
24 | 441 | 822 | 11.33 | 1376 1694 | 16.62 | 15.62
21 187 614 | 971 | 1260 | 14.81 17.31 | 16.77
300 18 [ 171 ] 592 | 944 | 1227 | 14.42 | 15.89
15 [154] 570 | 916 | 11.94 | 14.04 | 1545
12 138 ] 548 | 889 | 11.61 | 1365 | 1501
24 0 | 450 | 864 | 12.10 | 14.88 | 16.97
21 0 | 428 | 837 | 11.77 | 14.49 | 16.53
400 18 0 | 406 809 W_ﬁ:ﬂ@Q
15 0 [ 384 | 782 [ 1117|1372 | 1565+
12 0 | 362 | 754 | 10.78 | 1334 | 1521 | Tt
Force | Time
KA | 4KA | 5KA | BKA | 7KA | 8KA
(kgf) | (cycle)

Table 4.16 Acceptable welding range prediction result of

steel sheets

DP780 1.4t

24 6.98 | 12. 1 7l 28.63 | 30.90 | 32.49 | 33.39
21 6.81 |.12.46 : 1 el 28.19 | 30.41 |/31.94 | 32.78
200 18 6.65 |12.24 | 17.15 | 21.37 WZXON 27.75 | 29.91| 31.39 | 32.18
15 6.48 &2""4-6&7_ 21.04 B 27.31.1 2942 | 30.84 | 31.58
12 6.32+. 11 .80# J 4 26.87.-°28.93 | 30.29 | 30.97
24 6.98 1?’.68.1___ .70 A 28.63 | 30.90 | 32.49 | 33.39
21 287 | 9.03 | 1451 | 19.30 | 23.40 JEEAN 29.55 | 31.60 | 32.96
300 18 270 | 881 | 1423 | 1897 | 23.02 | 26.38 Wlem 31.05 | 32.36
15 254 | 859 | 13.96 | 18.64 | 22.63 | 25.94 |Wis 30.50 | 31.75
12 238 | 837 | 13.69 | 1831 | 2225 | 25.50 i@ 29.95 | 31.15
24 0 582 | 11.87 | 17.23 | 21.90 | 25.89 | 29.20 N 33.74
21 0 560 | 11.60 | 16.90 | 21.52 | 25.45 | 28.70 B 33.14
400 18 0 538 | 11.32 | 16.57 | 21.14 | 25.01 | 28.21 0 32.53
15 0 516 | 11.05 | 16.24 | 20.75 | 24.58 | 27.71 0 31.93
12 0 495 | 10.77 | 1591 | 20.37 | 2414 | 27.22 | 29.62
Force | Time
3KkA | 4kA 5kA 6KA 7KA 8kA 9KA | 10kA | 11kA
(kgf) | (cycle)
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Table 4.17 Acceptable welding range prediction result of DP780 1.0t

and 1.4t steel sheets

24 [441] 822 [ 11.33 1657 | 16.94 | 16.62 | 15.62
21 [425] 800 | 11.06 (RPN 16.13 | 16.44 | 16.08 | 15.02
200 18 [ 408 | 7.78 | 10.78 | 13.10 [RUNZW 1569 | 1595 | 1553 | 14.42
15 [392| 756 | 1051 | 12.77 [REESW 1525 | 15.46 | 14.98 | 1381
12 1375] 7.34 | 10.23 | 12.44 Il 14.96 | 14.43 | 1321
24 | 441 822 | 11.33 [ERENG 16.62 | 15.62
21 187 614 | 971 | 1260 | 1481 JIEE
300 18 | 1.71| 592 | 944 | 1227 | 1442 | 15.89
15 [ 154 570 [ 9.16 | 11.94 | 14.04 | 1545
12 138 548 | 889 | 1161 | 1365 | 15.01
24 0 | 450 | 864 | 12.10 | 14.88 | 1697
21 0 | 428 | 837 | 11.77 | 14.49 | 1653
400 18 0 | 406-17809 [ |11 1-16.09
15 0| 384 L?‘Bﬂ%ﬁi 15,65
12 0 | 362 | 754 | 10.78 | 1334 | 1521 | Tt
Force | Time
KA | 4KA | 5KA | BKA | 7KA | BKA
(kgf) | (cycle)

Table 4.18 Acceptable welding range prediction result of DRP780 and
SPRC440 1.0t steel sheets
24 198 | 49 8 9.8 10.06 | 9.62 8.50 6.69
21 1.81 | 4.75 99 9.4 9.63 9.13 7.95 6.08
200 18 1.65 7!“-53 6.72 823 9.0 9.19 8.64 7.40 5.48
15 | 148 @ . 645 | 790 BEGA 875 | 814 | 685 | 487
12 [1.32-] 409 % 5 8 765 | 630 | 4.27
24 1.98 Z'Q?-.,___ 9.8 10.06 | 9.62 8.50 6.69
21 0 | 289 | 565 | 773 | 9.12 | 983 BEEM o.18 | 783
300 18 0 2.67 5.38 7.40 8.74 9.39 9 8.63 7.22
15 0 2.45 5.10 7.07 8.35 8.95 8.86 8.08 6.62
12 0 2.23 4.83 6.74 | 797 8.51 8.36 7.53 6.02
24 0 1.25 458 7.23 9.19 | 1046 | 11.05 XSSl 10.18
21 0 1.03 4.30 6.90 8.80 | 10.03 | 10.56 0.4 9.57
400 18 0 0.81 4.03 6.57 8.42 9.59 | 10.07 BeRe(s 8.97
15 0 0.59 3.76 6.24 8.04 9.15 9.57 9.31 8.36
12 0 0.37 3.48 5.91 7.65 8.71 9.08 8.76 6
Force | Time
3kA | 4kA 5kA B6kA 7KA 8kA 9kA 10kA | 11kA
(kgf) | (cycle)
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Table 4.19 Acceptable welding range prediction result of DP780 and
DP590 1.0t steel sheets

24 3.05 | 6.40
21 2.89 | 6.18
200 18 272 | 596
15 2.56 | 5.74
12 2.39 | 552

24 3.05 | 6.40
21 0.51 | 432
300 18 0.35 | 4.10
15 0.18 | 3.88
12 0.02 | 3.66

24 0 2.68

21 0 2.46
400 18 0 2.24
15 0 2.02
12 0 1.80

Force | Time
3kA | 4kA

(kgf) | (cycle)

_50_



o

<+

o0

__OH_
L

oK

<+

o0
"

ojr

ok
<

ol

oju
ol
i

ol
or
uzel

FATH28][29].

S

o

1xfo] 1L E5H A

ATt

=3

o
=

ZHRIAL 7l dwof oS

Afg(order)Z

= M2 &
o~ B &3Hnormalizing)

PRISE o] A7}A] QUL

°

toict.

o

°

Q
[S)

I

(¢]

i

A
e

TP

'

—_—

o
i

0P

L
L

FTt. Fig. 5.1 (a) oA &

A= ols
—re@ o

PSEis
-1 a

002 Fol 2

ol
o
o
oju

]

t¥on Fig. 5.1 (b)et &

Heols
of 12 cycle

=
=

1=, 11 kA

=
=

3 kA

12, 24 cycle

o,
=

P71 =

002 UEhjT, AmE 9= Anje| st

9]

Ay

& 7}

A

A ere o 1,

EISNEy
e}\go

o,
=

¥ on, Fig. 5.1 (o),

9]

780

=1 x =
BIOEI]—TE

o
=

_51_



L7718, A

objye =1 1173
0

(5.2)
(otherwise)
24 —
7 T (2 s 24)
0 (otherwise)
1 (spatterX)
objgp = (5.4)
—h (spatter O)
o171, objrrs. 0bjye objyr 0bjsp & A2 ARG YE, SAAF, &4

(xm >0)

(otherwise)

B<aye<11)

_52_



- Tensile _ Welding
shear > M
0 X1TS,4 strength 0 3 1 curren
(a) Tensile shear strength (b) Welding current
objwr objsp
/ \
1 |- T2
i —1 ~——
L ngding i > spatter
0 12 24 B (X) (0)
(c) Welding current (d) Spatter
Fig. 5.1 Objective function
53t 9istol gollAtAoleh BARA0l AEAS Fotol ATE
oJsto] Al (5.5) of LERAQICE.
0bj rrs
. . 0bj e
fitness = (wyrs Wye Wy Wp) * obj yp
objsp

uju

o714, fitness= APz o] Zlfitness value)s UENHIL, Wi, Wype

L.

_53_

oX



7t

Anfe|e] 7HA| 0|}
ol 10. §&AIZte] 10, AmE]o] 409] 7}FA]

AR

15

VS
v

J

S
1= |

Q
[S)

o 40,
2 X}

=

L.

5.2 HP=o] o

olgfst oSS

S A9t

=3}t
=

stof o

Q
[S)

N7 el2ee ol

=
=

AT E]

o

o

oju
~

0T

tol %)
© 3ol (=P} €= Moz Fig. 5.2 oA Fig. 56 71x| A=

[9

o+ =H

St
=]

W=

al
~

e

ozt
St
=]

o]
A3
S|

/N

o

=S

T+
u

(=]

pS|
S|

0]x]7] oo

ojth: E5H 5]

o

[ e

S, AfEl 7}
AR S

2 9t

5%

<

A~
ol

o
or

—_—
o

_54_



Fitness value

Fitness value

7 Fitness value

[
12 4 Current (kA)

(a) Electrode force : 200 kgf

140
130
120
110

100

60
o N
Fitness value

(b) Electrode force : 300 kgf

Fitness value

Fitness value

[
4 Current (kA)

(c) Electrode force : 400 kgf
Fig. 5.2 Optimal point of DP780
1.0t steel sheets

_55_



N

ST
S
SRt
IR

SRS

R
D

2
2

anjea ssaungy

Time (cycle)

Fitness value

Current (kA)

(a) Electrode force : 200 kgf

Fitness value

Current (kA)

Time (cycle)

(b) Electrode force : 300 kgf

Fitness value

7
Current (kA)

Time (cycle) 16

400 kgf

(c) Electrode force :

int of DP780

1.4t steel sheets

ig. 5.3 Optimal po

F

_56_



Fitness value

Fitness value

Current (kA)

(a) Electrode force : 200 kgf

X
S
QSRS

R

o
%
R
S
Satest

-
SRR
LR
S ResieN
3

S
SR
A5

3
R
SRR
B
“Q

Fitness value

e
S8
Seeteets

T
R
3

S
> N
SR
IR
““‘s‘
SRR

»
TS

>
20

10
Fitness value

(b) Electrode force : 300 kgf

Fitness value

R
RN
S
SN SRS
X RS

3
S

&
S
SRR
““3“*'
St

<o
R
5

K
$““
S

o 0%
SRS
ettt
\s\‘,‘

S
ORISR
RS,
RO

S
RS
KK

Fitness value

6 7
12 1 Current (kA)

(c) Electrode force : 400 kgf
Fig. 5.4 Optimal point of DP780
1.0t and 1.4t steel sheets

_57_



o
2
3
s
@
@
&
&
i

6 Fitness value
Current (kA)

(a) Electrode force : 200 kgf

aptimat goint
o

Fitness value

X SOKAS
650009,
XK
%ﬁ;’l:';:‘o'o

Fitness value

12 a 5 Current (k)

(b) Electrode force : 300 kgf

optimal point

Fitness value

1
Fitness value

7
12 4 Current (kA)

(c) Electrode force : 400 kgf
Fig. 5.5 Optimal point of DP780
1.0t and SPRC440 1.0t steel sheets

_58_



Fitness value

@ 3
813

I
5}

~ ® o B =
3 88858

Fitness value

X

Wi
XS0

555

1
Fitness value

(b) Electrode force : 300 kgf

optimat point

XX
QORI
SRR

S
RS
et

N
X

Fitness value

S

SR
et
<S

3
N
S8

S
S

®
X
SR
R
SRR

48
S
Q“

8 Fitness value
12 4 5 Current (ka)

(c) Electrode force : 400 kgf
Fig. 5.6 Optimal point of DP780
1.0t and DP590 1.0t steel sheets

_59_



43 Fo|H o]5g 2BITME olgstel TS e AYE B

uju

_/F_

Uet
212 Amjel}t wgs] Aol ARoolA
9911, T3 Algelo] 4 Al Table 3.5 o4 3.9 7t
wysh] e AR gold AiE
215l o oA AASEH 2u2H

B A eSS A

i)

Table 5.1 Optimal point at acceptable welding range prediction result

Optimal Tensile
No Steel Steel Force condition shear | | Fitness
" | sheet 1 sheet 2 | [kef] | current time strength | value

[kA] [cycle] [kN]

200 7 12 13.97 137.66
1 DFZEO sz)io 300 8 21 16.33 142.85
' - 400 10 15 17.44 151.93
200 6 12 20.71 128.91
2 DFZSO szﬁo 300 8 12 25.50 143.24
' ' 400 10 12 29.62 155.17
200 6 12 12.44 129.89
3 DFZEO DFZSO 300 8 18 15.89 142.75
’ ' 400 9 24 18.37 151.18
200 7 12 8.28 139.50
4 DFZEO SPfli%f[lélO 300 8 21 9.83 146.51
’ ' 400 9 24 11.05 155.30
200 7 12 10.79 132.91
5 DFZEO DF%?O 300 8 21 12.69 137.90
' ’ 400 9 24 14.28 145.61
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A Study of the Resistance Spot Welding Simulation

and Process Parameters for 780MPa Steel

Chang-Seok Son

Department of Mechanical Engineering,

Graduate School of Pukyong National University
ABSTRACT

Nowadays, car manufacturers applied many high strength steels
such AHSS or UHSS to.car bodies for weight lightening. In this
study, we conducted resistance spot welding simulation to
optimized used. There«two combinations for same steel sheet
which were DP780 1.0t, DP780 1.4t. Dissimilar steel sheet
combination with different thickness was 1.0t, and 1.4t of DP780.
Different steel combinations were DP780 1.0t and SPRC440 1.0t,
and DP780 1.0t and DP590 1.0t.

Tensile shear strength estimated by wusing second order
polynomial regression model and spatter estimated by using

neural network. In addition optimized welding condition was
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determined in terms with weldability and productivity using

objective function and fitness function.
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