
27 3

2010 3 Control Theory & Applications
Vol. 27 No. 3

Mar. 2010

: 1000−8152(2010)03−0387−04

, ,

( , 510006)

: , ,

. , . ,

, , ,

. , , ,

.

: ; ; ; ;

: TP273 : 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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1 (Introduction)
RSW(resistance spot welding)
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Fig. 1 Fuzzy control scheme for RSW
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2 (Variable universe fuzzy

control principle)
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α(t) E(t) .
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Fig. 2 Universe variation
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3 (Algorithm

on variable universe fuzzy control of RSW)
, 3

.

3

Fig. 3 Variable universe fuzzy control scheme of RSW

3.1 (Inputting membership func-

tions)
e(t) 4 ,

A1, A2, A3, A4, A5, A6, A7

NL( ), NM( ), NS( ), ZO( ),

PS( ), PM( ), PL( ), Ai(i = 1, 2, · · · , 7)

. ec(t)
5 , Bj(j = 1, 2, · · · , 7) .

e(t) E(t)

E(t) = (Ge) · e(t). (1)

: Ge e(t) , Ge = 1/e(t)max.

ec(t) EC(t)

EC(t) = (Gec) · ec(t). (2)

: Gec ec(t) , Gec = 1/ec(t)max.

4 E(t)

Fig. 4 Membership functions of E(t)

5 EC(t)

Fig. 5 Membership functions of EC(t)

3.2 (Outputting membership func-

tions)
,

, ,

6 .

6 U(t)

Fig. 6 Membership functions of U(t)
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U(t) u(t)

u(t) = Gu · U(t). (3)

: Gu u(t) , Gu = 1/u(t)max.

3.3 (Fuzzy control rules)
,

1 .

1

Table 1 Fuzzy control rules

U(t)
E(t)

A1 A2 A3 A4 A5 A6 A7

E(t)

B1 1 5/6 2/3 1/2 1/3 1/6 0

B2 5/6 2/3 1/2 1/3 1/6 0 −1/6

B3 2/3 1/2 1/3 1/6 0 −1/6 −1/3

B4 1/2 1/3 1/6 0 −1/6 −1/3 −1/2

B5 1/3 1/6 0 −1/6 −1/3 −1/2 −2/3

B6 1/6 0 −1/6 −1/3 −1/2 −2/3 −5/6

B7 0 −1/6 −1/3 −1/2 −2/3 −5/6 −1

,

u(t) = U(e(t), ec(t)) =

Gu ·
∑∑

Ei(e(t)) · ECj(ex(t)). (4)

3.4 (Extension-contraction factors)
[9],

,

. ,

, ; ,

, ,

.

, ,

.

e(t), ec(t) α(t), β(t),

L( ), M( ), S( ) Z( ), 7 2 .

7 α(t), β(t)

Fig. 7 Fuzzy sets of α(t), β(t)

u(t) γ(t) :

γ(t) =
α(t) + β(t)

2
. (5)

2 e(t), ec(t)
Table 2 Extension-contraction factors of

e(t) and ec(t)

e(t) A1 A2 A3 A4 A5 A6 A7

α(t) Le Me Se Ze Se Me Le

ec(t) B1 B2 B3 B4 B5 B6 B7

β(t) Lec Mec Sec Zec Sec Mec Lec

α(t), β(t), γ(t) :

1) ,

;

2) ,

, ;

3) ,

;

4) ,

,

.

.

3.5 (Variable universe fuzzy

control algorithm)
,

, :

Step 1 Is,

:{
e(t) = Ig − Is,

ec(t) = e(t) − e(t − 1).
(6)

Step 2 e(t), ec(t)
: {

e(t) = Ge · e(t),
ec(t) = Gec · ec(t).

(7)

Step 3 α(t), β(t)
γ(t):⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

α(t) =1.0 × (A1 + A7) + 0.75 × (A2+

A6) + 0.5 × (A3 + A5) + 0.25 × A4,

β(t) =1.0 × (B1 + B7) + 0.75 × (B2+

B6) + 0.5 × (B3 + B5) + 0.25 × B4,

γ(t) =
α(t) + β(t)

2
.

(8)

Step 4
:
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U(t)=γ(t)
∑∑

Ai(α(t)E(t))·Bj(β(t)EC(t)).

(9)

Step 5 :

Δα = u(t) = Gu · U(t). (10)

, .

4 (Experiment research)
, DSP

, DN1–63

. 1.0 mm ,

: 1.5 KN 17 (1

0.02 s) 6.5 KA 6.4 mm.

3 , I:

, 3 ; II: ,

1 ; III: ,

.

: (380 V)

.

10 1 , 3 .

3

Table 3 Test results of welding points

I II III

/mm /% /mm /% /mm /%

1 4.9 −0.6 5.0 4.6 4.9 6.3

2 4.8 −2.6 4.7 −1.7 4.3 −6.7

3 4.9 −0.6 4.9 2.5 4.5 −2.4

4 5.1 3.4 5.1 6.7 4.8 4.1

5 5.0 1.4 4.5 −5.9 5.0 8.5

6 4.7 −4.7 4.7 −1.7 4.7 2.0

7 4.9 −0.6 4.8 0.4 3.6 −22

8 5.1 3.4 4.7 −1.7 4.9 6.3

9 4.9 −0.6 4.9 2.5 5.1 11

10 5.0 1.4 4.5 −5.9 4.3 −6.7

,

.

. ,

.

3 , III

22% ; II

6.7% ; I

4.7% ;

, .

5 (Conclusion)
,

, ,

;

,

,

. ,

, .
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