BHEE L E A

55 27 5 3 1Y) Vol. 27 No. 3
201043 H Control Theory & Applications Mar. 2010

XEHT: 1000—8152(2010)03—0387—04
P, B 1 A V8 Bl AR 2 il 7 vk

AR, GRUIR, 5 &

ORI U TRE2EBE, 145 T 510006)

FHEE: g $8 vy o BH A USRI 428 113 0 P RN R M 22 B B o, AR AR TR S I EE, R T e B R ) AR R A
BT 0 A, TS T AR TR SRR s R S A SR . LR, BeUT T N SR R i SR R B AR R
M ARG R, FR T —Fh kT A DR B4 b L e A V8 SmlRR 473 Sl e, A PR AR R0 D) 3 B 28 3 £k 4 1R -,
AT BRSO R RS IR, IR, HHT TR SIS, AT T S A R, R T % IR
Pk

SRRl BRI, R BH O 3G A L AR (P4 TR T

FhESES: TP273 XEAARIRAD: A

Variable universe fuzzy control methods for resistance spot welding

YUAN Qing-ke, ZHANG Ming-tian, FENG Sang
(College of Mechanical & Electrical Engineering, Guangdong University of Technology, Guangzhou Guangdong 510006, China)

Abstract: In order to enhance the adaptability and stability of resistance spot welding(RSW), the variable universe RSW
control method is put forward based on the variable universe control theory. First, the basic theory of variable universe fuzzy
control theory is discussed. Second, the inputting membership functions, the outputting membership functions, the fuzzy
control rules and the extension-contraction factors are designed; thus, a fuzzy controller based on normalized factors is
developed. The extension-contraction factors are selected according to the fuzzy rulers in proposed controller. The detailed
calculation steps of the algorithm are given. Finally, a practical prototype is tested with different control methods. The test
results are analyzed and discussed; and the advantages of the proposed control algorithm are verified.
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Fig. 1 Fuzzy control scheme for RSW

i RUROR F7 f  H SRR R, HOA U A
HUER 5 4 SR, 1SR AR 10 8 3 I ASOR) 425
XA B 2 AR AR L P R G oA D), H AR
SRASOR % 1) CAE 2 D USRS T IR BRI SR B )
[ 32 161,

2 A% i 3 5 1l J| Bl (Variable universe fuzzy

control principle)

It i A2 18 B2 1R 18 3T BL 2 ) Bl AR AR R Y



388 oA s N A

07 %

A AR AT P, U SR 1 A5 Ak B 20 R,
() H T HLE () s 8 1.

1
it e T it
1 | —a()E®) 0 a(NE(K B
Ik B
4t i
1
~a()E(r) 0 —a(H)E(r)

2 WA

Fig.2 Universe variation
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Fig. 3 Variable universe fuzzy control scheme of RSW

3.1 % A R JE B F(Inputting membership func-
tions)
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Fig. 4 Membership functions of F(t)
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3.3 BRI I (Fuzzy control rules)
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Table 1 Fuzzy control rules
E®)
ut) Al A2 A3 A4 A5 A6 A7

B1 1 56 23 12 13 16 0
B25/6 2/3 12 13 16 0 -—1/6
B323 12 13 16 0 -1/6 —1/3
Eit)B4 122 1/3 16 0 —1/6 —1/3 —1/2
B513 1/6 0 —-1/6 —1/3 —1/2 -2/3
B61/6 0 —-1/6 —1/3 —1/2 =2/3 =5/6
B7 0 —1/6 —1/3 —1/2 =2/3 =5/6 —1
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Fig. 7 Fuzzy sets of a(t), B(t)
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3.5 ARSI #2555 (Variable universe fuzzy

control algorithm)
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Step 5
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Table 3  Test results of welding points

. WiE E EIN

" H e mm PE% B /mm W% A mm BEh%
1 49  —06 5.0 46 49 6.3
2 48 26 47  —17 43  —67
3 49  —06 49 25 45 24
4 5.1 34 5.1 67 48 4.1
5 5.0 14 45 -59 50 8.5
6 47  —47 47 17 47 2.0
7 49  —06 48 04 36 22
8 5.1 34 47 —17 49 6.3
9 49  —06 49 25 5.1 11
10 50 14 45 —-59 43  —67
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