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Optimization of a
Resistance Spot Welding Process
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Apoli ol DOE-Table (=@ =]
pplied
Pressure Mo |Pressure WeldingTi... |Angle Force Current Status ;I
035 200 [ 0 131541 Ok
1 |35 200 0 341 133745 |0k
FINES 200 0 6.82 08147 |0k
3 |35 1500 0 0 181913 |0k
4 [ 1500 0 341 01644 |0k
5 |35 1500 0 6.82 191044 [0k
Electric Holder . § |33 1500 0 10.24 181818 |0k
Workpieces FES 1500 0 13.62 175071 0ok
Electrical . FRES 1500 0 1717 192032 |Ok
= . —— A
’ 1 |3 1500 0 2763 176733 |0k
Copper Electrodes Welding Spot 1235 1500 0 3113 172198 |0k
13 |35 1500 0 34.64 179533 |ok
14 |35 1500 0 38.15 180107 [ok
15 |35 1500 0 4166 193726 |0k
% |35 1500 0 4518 170096 |0k
17 |35 1500 0 4871 178669 |0k
18 |35 1500 0 52.25 01473 |0k
19 |05 1500 0 55.78 172198 |0k
0 |95 1500 0 £0.66 1406.4 Ok ]
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OptiY Workflow for Resistance Spot Welding

Pressure

Datald Cutput_PullTest PullTest

. )

WeldingTime

Thicknessh

. 1

ThicknessB

. )

Cutput_MuggetDiameter MuggetDiameter

v o v (R

* Process Parameters: Pressure, Welding
Time, Electro Angle, Force, Current,
Thickness

* Process Criteria: Pull Test Force and
Nugget Diameter
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Parallel Chart of collected Process Data

Pressure WeldingTime Angle Force Current ThicknessA ThicknessB PullTestNuggetDiameter
95 1500 ;o 133.53 5009.43 057 1 5.8065 472
£
i [~
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o
175 1.2 3 B 47074
65 50 75 0.8335 0.800
50 5 375 072175 0.708! 2
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35 200 21 LBGE 1.4103 1.9
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Box-Plots of collected Process Data
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Histograms of collected Process Data

Pressure 4154
0.67
0.5
0.34
017
0 |
35 50 65 80 95
Mean 654887 Skewness 0.362608
sigma 11.7597 Kurtosis 3.64681
Wariance 138.29
Force 4154
0.35
0.26
0.13
0.083
o
0 33.4 66.8 100 133.53
Mean 51,1892 Skewness -1.66601
Sigma 18.8631 Kurtosis 8.55773
Variance 355.815
Thicknessg 4154
0.49
0.37
0.25
0.12
0 I
0.608 0.709 0.809 0.909 1.1
Mean 0.650766 Skewness 3.30541
Sigma 0.0809945 Kurtosis 121947
Wariance 0.00656012

WeldingTime 4154
0.25
0.18
0.12
0.062
V]
200 525 850 1.18e+03 1500
Mean a74.723 Skewness 0.039162
Sigma 303.988 Kurtosis 242798
Variance G2408.7
Current 4154
0.15

0.11

0.073

0.037
V]
639.81 1.73e+03 2.82e+03 3.92e+03 5009.43
Mean 3022.11 Skewness -0.716017
Sigma 842,848 Kurtosis 3.04785
Variance 710392
PullTest 4154
0.36
0.27
0.18
0.089
0 —_—
14103 2,51 3.61 4mM 5.8065
Mean 3.03442 Skewness 2.44623
Sigma 0.522945 Kurtosis 13.1393
Variance 0.273472
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041
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Sigma
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Angle 4154

V] 375 7.5 11.3 15
7.565 Skewness -0.0173333
7.49972 Kurtosis 1.0003
56.2458

ThicknessA 4154
-

0.61 0.722 0.833 0.945 1.057
0.651418 Skewness 3.27925
0.0793477 Kurtosis 11.998
0.00629606

MNuggetDiameter 4154

1.9 2.6 331 4,01 472
3.57994 Skewness 0.0346004
0.393941 Kurtosis 446443
0.155189
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Sensitivity Study of Resistant Spot Welding

PullTest MuggetDiameter

o o _

T7.38%

Current 48,05 %

48.05 %

» The most important
WeldingTime 16.08% - process parameters are

WeldingTime 34.45 %

current and welding time

3445 % 16.08 %

Pressure T38% Pressure 221 %

« Middle important process
parameters are
Pressure, Force and
Thickness A

7.38 % 2.21 %

Force 5.74% ThicknessB 2,06 %

374 % 2.06 %

* Angle has got no
influence on the welding

ThicknessA  3.83 %

ThicknessA  1.45% I

3.83% 1.45 %
process
ThicknessB  0.55 % Force 0.82 %
10.55 % 0.82 %
Angle 0% Angle 0%
0% 0%

M Total Effect M Total Effect
Main Effect Main Effect
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1D Diagrams of Pull Test and Nugget Diameter

PullTest [KN] MuggetDiameter []

452 443

3.59 377

267 3.10
200.00 850 1500.00 200.00 850 1500.00
WeldingTime [ms] WeldingTime [ms]

3.29 3.64

1.99 1.96

0.68 0.27
-99.00 2.46e+03 5009.43 -99.00 246e+03 5009.43
Current [A] Current [A]

397 3.82

3.34 3.57

291 332
35.00 65 95.00 35.00 65 95.00
Pressure [PSI] Pressure [PSI]

3.25 3.52

280 3.34

235 3.16
-99.00 17.3 133.53 -99.00 17.3 133.53
Force [M] Force [M]

3.39 361

3.09 342

278 3.22
0.61 312 624.00 061 312 624.00
ThicknessA [mm] Thickness4 [mm]

3.30 363

3.18 340

3.07 3.16
0.61 316 632.00 061 316 632.00
ThicknessB [mm] ThicknessB [mm]
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3D Diagrams for Pull Test and Nugget Diameter

PullTest MNuggetDiameter
Current
Pressure Force
Y WeldingTime
456
334
338
2.90
221
246
200.00
201 1.04
35.00 525.00
PullTest _40.87 50.00 NuggetDiameter -0.14
Sl - a56 250.00 -99.00
334 17.27 65.00 338 178.11
290 229 117500 245522
75.40 80.00
245 1.04 373232
20 014
13353 95.00 1500.00 5009.43
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Optimal Process Parameters by numerical Optimization

PullTest [KN] = 5.12112
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3.81
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99,00 246e+03 500943
Current [A] = 2870.27

512

4,20

3.27
200.00 850 1500.00
WeldingTime [ms] = 1500

512

4,69

4.26
35.00 &5 95.00
Pressure [PSI] = 95

512

467

4.21
-99.00 17.3 133.53

Force [N] = -0.17475
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