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Orthogonal Array and its Application to an AMB System
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ABSTRACT

A new fuzzy logic control design algorithm suitable for multi-objective control problems is
proposed based on the orthogonal array which is widely used for design of experiments in
statistics and industrial engineering. The essence of the algorithm is to introduce Nth-certainty
factor defined from the F-value of the ANOVA(analysis of variance) table, in order to effectively

exclude the less confident rules.

The proposed algorithm with multi-objective decision

table(MODT) is found to be capable of the detection of inconsistency and the rule classification,
reduction and modification. It is also shown that the algorithm can be successfully applied to the
fuzzy controller design of an active magnetic bearing system.
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Table 1 Specifications of AMB system(4-dof)

m=334  [kg) A=900 [mm’]
J,=0.00788 [kg.m’] | N=800 [tumns]
J/~0.09140 (kg.m?] | go=0.88 mm
5~0139 [m] c=a=092
b=0138 [m] 1= 2x10* [sec)
Ho= 4nx107 [H/m] | K.=0.40 [A/V]
Operating range = + 0.35 mm
f b, Ay,

Bearing-1

Bearing-2
Figure 2. Rigid rotor-AMB systern model{2]
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(b) Mapping of the term set CE,[-0.02 0.02] m/sec

Figure 3. The mapping of input variables( E, CE)
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Figure 4. Mapping of the term set U, [-10 10] ¥

Table 2. PD-like Fuzzy control rule base
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Table 3. Multi-objective decision table: y-direction

™
Rule Ql " Q‘ CF
R 0.51
R; 0.51
Rs 0.19
R 0.98
Ry 0.66
Rio 0.75
Rp 0.92
Ry 1.00
R 0.24
Ris 0.78
Ris . 0.95
Ry7 0.92
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Ry 1.00
R 1.00
Ry; 0.77
Ry 0.24
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<Notes> *_’ denotes the modified control variable.
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Table 4. Modified PD-like fuzzy control rule base
with 1st certainty factor : y-direction

CE E NB NS 70 PS PB
PB PM(R;) PB PM  ZO2(R;))
] PM PM  ZO2 NM(Ry)
z0 PB(R;) 202 NM NM(Ry)
NS NM NB NB(Ry4)
NB | ZO2(Rs) NM NB NB(R;s)

<Notes> *_’ denotes the modified control variable.
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Figure 5. Transient responses of controlled AMB
system: y-direction
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Table 5. Modified PD-like fuzzy control rule base
with 1st certainty factor : z-direction
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Figure 6. Transient responses of controlled AMB
system: z-direction
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Figure 7. Block diagram of rigid rotor-AMB system
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fuzzy controlled AMB system at 200,000 rpm
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