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Problem using Orthogonal Array and its Applications
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ABSTRACT

In this paper, a control algorithm suitable for multi-objective control problems is proposed
based on the orthogonal array which is normally used in statistics and industrial engineering. And
a newly defined Nth-certainty factor is suggested, which can effectively exclude the less confident
rules. The Nth-certainty factor is defined by the F-values of the ANOVA(analysis of variance)
table. It is shown that the algorithm can be successfully adopted to the design of controller for an

active magnetic bearing system.
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Fig.1 Nth certainty factor w.r.t. F-value
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Table 1 Parameters of the simulation model

Parameters Values
Rotor mass, m 1.13 kg
Number of turns, N 200
Pole face area, A 1600 mm?
Nominal air-gap, g, 1.0 mm
Shape factor 0.924
Time constant of amplifier 9.27x10*
Operating range + 0.7 mm




122 AR 7] A7

oA BAY 1AFEE R} TF A
71 Wolg Az="gg z7] 23, x(0)=-0.7
FeelA ZIERAK = 0022 AojEe EAE
7183, olg #HE 5 g deH
Zol 4 7HAE AA3% .

X
Ql — max steady vee (4)
tsleady
Q2 = min Sup{x} = X steady %x100% vt (5)
xsleady
0, = min| 2L~ s |, 100% -+ )
x:leady
0, = min][|ufe -

A7IM x g TIER 02, Xguyt BIYE
Y, o = B A2EE A AR
2, lufe Aoy &, AR A7E e
. z28lx 9, 0, 0, 0, AT =7 71&7],
A enfE, AL o 2 AF L¥FE
Bacall=s

TG Ao 3L Qg WHFLE LaKE)S
23 WIS (CE)E, E¥VTEL UE AH83
o] PD-like ¥ A & F%3}3th(Table 2). 7]
A ezre} 2AAstEe 747509 HA JF
(NB, NS, ZO, PS, PB)2.2 TAj38l3 &85
HAZFL 129 Figa o o] A3t

=

NB NM NS Z0 PS PM PB

-2 -15 -1 05 0 05 1 15 2

Fig.4 Membership shape of output variables, U

AA F:AZS AEd7 AN GeH 2
& H3e Fsarh

66

Table 2 Fuzzy control rule base
CENE|NB NS ZO PS PB
PB

PB(U) PB PB PS ZO(U,)
PS |PB(U) PB PS ZO NS(U,)
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PS |PSU,) ZO NS NB NB(Uy)
PB_|ZO(Uy) NS NB NB NB(U;)
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Table 3 Rules assignment and performance values
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Table 4 F-values and Nth-certainty factor
Fy F; Fy Fy &si
R, | 7.71 | 3.19 | 0.13 | 2.612 | 1.00
R, 1 0.00 | 0.30 | 0.14 | 0.109 | 0.00
R; | 1.35 | 1.00 | 0.18 | 0.251 | 0.83
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R;, {45.94 | 0.51 | 0.18 | 0.103 | 1.00
Ry; | 0.09 | 0.19 | 4.16 | 0.005| 1.00
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R, | 0.00 | 0.01 | 0.13 | 0.002 | 0.00
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Table 6 Comparison of the objective function values

Mi Mi .
Max Q, (l%?’ (lga?’ MinQ,
Original 26.21 7.09 0.01 0.03
Modified
w/o CF 30.96 0.77 0.04 0.02
Modified
with CF 34.46 0.73 0.06 0.02
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Fig.6 Comparison of the performance between
original and modification
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