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Estimation of nugget size in resistance spot welding using a neural network
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Department of Production Engineering
Korea Advanced Institute of Science

and Technology

ABSTRACT

The resistance spot welding process has been extensively used for
joining of sheet metals. which are subject to variation of many pro-
cess variables. Many qualitative analyses of sampled process vari-
abics have been  successfully attempted to achieve a uniform nugget

size. In this paper. the electrode movement signal which is a good
indicative of the nugget size was examined by introducing a mathe-
matical mode! With four parameters. A neural network method was ap-
plied for the estimation of the nugget size by four parameters. The
prediction by the neural nework is in good agreement with the actu-
al nugget size. The results are quite promising in that the qualita-
tive estimation of the invisible nugget size can be achieved without

destructive testing of the welds.
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Fig.1 Schematic diagram of resistance spot welding system.
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Fig.3 Electrode movement monitoring.
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Helding parameters: Weldment thickness = 1.0 mm
Heat input: (a); 3 kW (b); 4 kN (c): 4.5 kW
Electrode force: a: 240 kgf b, 360 kgf c: 480 kgf

¥ald cycle
(b)

Electrode movement signal for various welding conditions.

Kelding parameters; Weldment thickness = 2.0 mm
Heat input: {a): 3 kW (b): 4 kW (c): S kK
Electrode force: a: 260 kgf b: 360 kgf c: 480 kgf
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Table. Parameters and nugget sizes for various welding conditions

Actual and (Estimated)
Nugget size
Heldment p W Cl o]
group Diapeter | Penetration
513 0.1175 | 7.978 | 0.320 9.6097 | 5.592(5.621) | 2.763(2.749)
- 523 0.2839 | 8.9% |-C.126 8.913 | 5.306(5.851) | 2.683(2.853)
533 0.4756 | 9.35¢ | -0.176 8.424 | 4. 785(4.826) | 2.410(2.606)
512 0.2093 | 8.359 | 0.2736 | 9.899 | 5.759(5.766) | 2.218(2.229)
- 522 0.2799 | 9.486 |-0.1376 | 8.798 | 5.553(5.300) |2.190(2.297)
532 0.4656 |11.908 |-0.3764 | 8.9846 | S.474(5.496) | 2.053(2.064)
511 0.1835 |12.974 {~0.1976 {12.314 | 5.123(5.026) | 1.581(1.556)
- 521 0.2688 {13.362 {-0.2186 | 9.8022 | 4.813(4.416) {1.469(1.467)
531 0.4341 |16.715 |-0.1992 | 9.203 | 4.737(4.705) |1.235(1.237)
313 0.5100 | 4.658 | 0.1852 | 9.948 | 3.804(3.797) | 2.216(2.242)
- 323 0. 7031 5.5074) 0.1056 | 8.252 | 3.065(2.850) |2.061(1.785)
333 1.06449 | 5,100 | 0.1936 | 7.608 |2.921(2.910) |1.623(1.621)
311 0.4930 | 6.448 | 0.0819 |10.383 | 3.844(3.847) {1.290(1.296)
=321 0.8759 | 5.026 | 0.1226 | 9.136 | 3.871(3.749) [1.161(1.196)
331 1.1023 | 5.245 | 0.0682 | 7.702 | 3.773(3.7648) |1.138(1.141)
312 0.5909 | 4.797 { 0.0788 | 9.479 4. 057(3.997) |1.976(1.947)
- 322 0.9059 | 4.811 | 0.0998 | 7.599 |3.517(3.472) |[1.779(1.681)
332 1.0333 | 5.136 | 0.0949 | 6.774 | 3.347(3.333) {1.563(1.571)
411 0.1636 }12.296 [0 1557 [11.802 | 4.883(4.983) |i.535(1.551)
o 421 0.2516 J12.712 |-0.1837 | 9.645 | 4.708(4.610) {1.422(1.471)
431 0.4075 {16.152 {-0.2699 | 9.275 | 4.255(4.278) |1.288(1.287)

(Welding condition)

2: 1.6 im

thickness E 1: 1.0 mm
30 2.0 mm

2: 360 kgf

electrode force E 1: 240 kgf
3: 480 kgf

welding power 30 3 kW
(heat input) IE 4 4 kW
5. 5 kW
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