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Fuzzy control system for longitudinal mobile
platform of imr bundle robot

LI Min,ZHANG Yanan, GONG Zherbang

( Department of Precision M echanical Engineering, Shanghai University, Shanghai 200072, China)

Abstract: An ir bundle robot was developed to meet the requirement of automatic video inspection on the

pipes in the steam generators of nuclear pow er plants. T he structure and principle of the irrbundle robot are

presented. The longitudinal mobile platform with the inspection module in place is actuated by a stepping

motor moves along a guide rail intermittently. There is an acceleration and a deceleration each movement

between two tube columns to prevent step loss and to improve efficiency. For the longitudinal mobile plat-

form system which can not be set up accurately, fuzzy control theory has been applied to design the acceler

ation and deceleration curves of the stepping motor, and the fuzzy inference process is provided. The step-

ping motor controller is composed of a single chip computer and its peripheral circuits. The inference results

were used to design the control program. Experiments testify that while the longitudinal mobile platform

remains stable during acceleration and deceleration with total position error within the allowance, the ir

bundle robot has realized automatic video inspection of a steam generator model.
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Fig. 1 Schematic diagram of irbundle robot
e
bR
T R
Sk
e 17
2 3
Fig.2 Experimental model of steam generator Fig.3 Acceleration curves of stepping motor
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Fig. 4 Triangle membership function of fuzzy set
1 n
Tab.1 Membership value of linguistic variable n
n
0 1 2 3 4 5 6 7 8
N 1 0.5 0 0 0 0 0 0 0
N2 0 0.5 1 0.5 0 0 0 0 0
N3 0 0 0 0.5 1 0.5 0 0 0
N4 0 0 0 0 0 0.5 1 0.5 0
Ns 0 0 0 0 0 0 0 0.5 1
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Tab. 2 Membership value of linguistic variable f

7
il 0 1 2 3 4 5 6 7 8
F, 1 0.5 0 0 0 0 0 0 0
F, 0 0.5 1 0.5 0 0 0 0 . 0
F; 0 0 0 0.5 1 0.5 ¢ 0 Q
F, 0 0 0 0 N5 1 0.5 0
Fs 0 0 0 0 0 0 0.5 1
3.2.3 AL FIALN 69 2 5 R Ri= NixF
, 5 URi(n,f) = minf/ Wi(n), WFi(f)]
nof M (1 0500000 0 0
Ri: Ifn € Ny, Thenf € Fy; 0.5 05 00000 00
Ry: Ekeif n € No, Thenf € Fa; 0O 0 00O0O0OO0TO0OO0
R3: Elseif n € N3, Thenf € F3; 0O 0 00 O0O0O0TUO0OO
Ra: Elseif n € Ny, Thenf € Fy; 0 0 00 O0O0O0O0 O
Rs: Elseif n € Ns, Thenf € Fs; 0 0 00 0 O0O0TOO
3.2.4 e it AR 0O 0 00O0O0O0TUO0O
0 0 00O0O0OO0OTO0O
Lo 0 00 0 00 0 Q
R , HR>(n,f ) BR3(n,f) HR4(n,f)
Ni=1/0+ 0.5/1+ 0/2+ 0/3+ 0/4+ 0/5+ URs( n,f)

0/6+ 0/7+ 0/ 8
Fi= 10+ 0.5/1+ 0/2+ 0/3+ 0/4

+ 0/ 5+ 0/6+ 0/7+ 0/8
3

BR(n,f) = ingR"(n’f)’

Tab. 3 Relationship of fuzzy inference

n
/ 0 1 2 3 4 5 6 7 8
0 1 0.5 0 0 0 0 0 0 0
1 0.5 0.5 0.5 0.5 0 0 0 0 0
2 0 0.5 1 0.5 0 0 0 0 0
3 0 0.5 0.5 0.5 0.5 0.5 0 0 0
4 0 0 0 0.5 1 0.5 0 0 0
5 0 0 0 0.5 0.5 0.5 0.5 0.5 0
6 0 0 0 0 0 0.5 1 0.5 0
7 0 0 0 0 0 0.5 0.5 0.5 0.5
8 0 0 0 0 0 0 0 0.5 1
8
30,5 4t S ARAR L 211 )
n=01 ..... 38, f,l = 3
’ [ )
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Tab.4 Relationship after defuzzification
no 0 1 2 3 4 5 6 7 8
fo 0.33 1.5 2 3 4 5 6 6.5 7.67
3.2.6 WA fdi ey AL in
, 5
5
Tab.5 Relationship between pulse number and frequency
N F N F N F
0~ 151 362 456~ 606 863 911~ 1062 1425
152~ 303 581 607~ 758 1050 1063~ 1213 1519
304~ 455 675 759~ 910 1238 1214 1738
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