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Abstract

The purpose of this study is to propose a method to decide near-optimal settings of the constant current
fuzzy control parameters using a controlled random search. This method tries to find the near-optimal
settings of the constant current fuzzy control parameters through experiments. It has an advantage of being
able to carry out searches in the search domain which includes some irregular points. The method
suggested in this study was used to determine the fuzzy control parameters by which the desired welding
current were formed during inverter DC resistance spot welding. The output variable was the ITAE
(integral of time multiplied by the absolute error). This output variable was determined according to the
input variables, which are the GE, GDE, and GDU. This study described how to obtained near-optimal welding
current condition over a wide search space conducting a relatively small number of experiments.

Key Words : Resistance spot welding, Inverter welding system, Fuzzy, Scaling factor, Optimization controlled
random search, ITAE
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Fig. 1 Structure of a fuzzy control system
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Fig. 2 Membership functions for e,
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Fig. 3 Membership functions for Ae,
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Fig. 4 Membership functions for Au,

Table 1 Fuzzy control rule base

A, “ | NB NS Z0 PS PB
NB PV PB PM NM NM
NS PB PM 70 NM NM
70 PM PS 70 NS NM
PS PM PM 70 NM NB
PB PM PM NM NB NV
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Table 2 Search range for scaling factors

Parameter Range Number
GE 0.1 - 16 10
GDE 0.1 - 16 10
GDU 1 -60 10
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Table 3 Results of the initial candidate solutions

Experiment 1 Experiment 2
No.1 | GE | GDE | GDU |ITAE | No.2 | GE | GDE | GDU | ITAE
1 6.1 | 5.2 | 22 |15468| 1 8.9 | 9.5 | 40 |4753
2 43 | 2.9 9 |65718 2 4.1 | 2.2 | 23 |13919
3 |10.7]110.8| 34 |6860| 3 |125| 3.5 5 182575
4 7.6 |14.9| 14 [39441| 4 0.9 | 12.7| 58 [15250
5 3.1 | 1.2 | 17 |23250f 5 | 15.6|14.2| 52 |3450
6 [124] 4.6 | 41 |5011| 6 7.4 | 15.2| 17 (22165
7 1.5 | 12.2 | 51 |10897( 7 54 | 7.6 | 27 (10948
8 |15.8| 7.8 | 57 |3675] 8 |10.7|10.2| 46 |4327
9 9.3 | 9.6 5 182671 9 2.8 | 6.1 | 35 [13334
10 | 86 | 6.2 | 29 |8709| 10 [14.2| 1.6 9 166251

Table 4 Results of the initial candidate currents

Experiment 1 Experiment 2

IR
AENNEET)
I

No.1 No.2 No.1 No.2

Welding Welding Welding Welding
current current current current

T

TV
ITREY)

No.3 No.4 No.3 No.4

Welding Welaing Welding Welding
current current current Current
0.5 No.6 No.5 0.6
Welding Welding Welding Welding
current current current current
No.7 No.8 No.7 No.8
Welding Welding Welding Welding
current current current current
0.9 No.10 No.9 No.10
Welding Welding Welding Welding
current current current Current

A (Point,y;, )& AT Hagt Aoge 7}
AL GRS AT oA 8] gaeln ol
Sl g Auatt dug e S Ha
e e FAYE olgatel TAZY HY G 4
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Average objective functions
5
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Fig. 6 Results of the average objective functions
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Table 5 Results of the 40th candidate solutions

Experiment 1 Experiment 2
No.1 | GE | GDE | GDU |ITAE | No.2 | GE | GDE | GDU |ITAE
1 14.3| 9.3 | 57.6 | 3046 1 15.8 | 8.4 | 57.1 | 2949
2 143 | 7.8 |57.9 2988 2 |15.6|10.3|58.7 | 3002
3 | 146 7.7 | 58.1 13039 3 15.8 | 13.6 | 59.5 | 3150
4 114.7110.8]56.9|309| 4 |15.9|14.3|55.9 | 3226
5 |14.3] 6.9 | 57.7 3118 5 |158]| 7 53 | 2951
6 |145] 9.7 | 5792916 6 |15.8|13.6|59.5|3173
7 |14.5]110.4 | 57.1 2945 7 15.8 | 8.7 | 57.1 | 3257
8 | 14.7110.1|57.6 3073 8 15.6 | 10.4 | 57.8 | 3171
9 |14.8|11.7| 5743006 9 |15.8| 8.6 | 54.9|3098
10 | 144 | 85 | 57.5 (3107 10 | 15.8| 13.5| 59.6 | 3094

Table 6 Results of the 40th candidate currents

Experiment 1 Experiment 2
No.1 No.2 No.1 No.2
Welding Welding Welding Welding
current current current current
No.3 No.4 No.3 No.4
Welding Welding Welding Welding
current current current Current
No.5 No.6 No.5 No.6
Welding Welding Welding Welding
current current current current
No.7 No.8 No.7 No.8
Welding Welding Welding Welding
current current current current
No.9 No.10 No.9 No.10
Welding Welding Welding Welding
current current current Current
6oll YeRlATH 7] <olz Aok SN = BA

7 AleI7E SR ot ErtE Ao, FeAlktel 1 &
HAAF7E 290 CRS & 404t AAHA 2%
g GE, GDE, GDU ﬁ&&ﬁlT #oz FHEUA &
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currents
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(b) The 40th candidates scaling factor

Fig. 10 Experiment 2 Results of the candidates
scaling factor
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