000000000000 01800000 (2000.8.1)

gooo

189-12

LosslessH OO0 OO O0DOO0O0OO0O0O0ODOOOOO
-LMID D 0o oood-

Simultaneous optmial design of structural and control system for
lossless systems

olpgo*ugoboo*xygooboo:

o Kazuhiko Hiramoto*, Goro Obinata® and Hitoshi Doki*

*Oooo

*Akita University

goooao :

000000000000 00 (Simultaneous optimal design of structural and control systems)O

00000 (Lossless system)0 0 00 00O O (Linear matrix inequalities)

oono :

go1o-8502 OUOoOOOOOO0O1-10000O00O0000O0OO0OO00

00000 Tel.: (018)889-23480 Fax.: (018)837-04050 E-mail: hira@ipc.akita-u.ac.jp

1. DoOOO0

00000000000 00000000000
00000000000000“0000000
oooooooooLYooooooooodoon
000000000000 00000000000
0000000000000000000000
00000O0O0BMIOOOOOOOOOOOOO
OOBMIOOOOODOOOOOOO0O0OOO
000000000000 00000000000
Hara®) 0 Twasaki® 0 0000000000000
000000000000 0000000000
000000000 0000000000000
OOIMIOOOO0O00000000000000
0000000000000 00 90 Hiramotod
NOODD00C0lesslessD 0000000000
000000000000 0000000000

gdodooooooooboobobboboobbooogda
losslessD OO0 O0OOOOO0OOCDOOOODOOO
OOODORiccatiD DO DOOODOOOOODODOO
oo H . OOOOoooooouoooood
gogooobbooooooobobooaooo
0ooo%700000000oDDnono0o0oO
gooooooobooooboboooboooooo
OO0O0000D0O000O00000000O0 lossless
gooooOO0O0ooooooooobobOooOoboboood
oooObOO0oooooobobO0oooooooboooog
obobOoooboOooobooboobooOoH,00
OD0HO0O0DODODOODOOODOOODOOODOOO
LMIOOOOODOOODOOO



2. LosslessO O 00O

000000000000 D0%700000 loss
lessOODO0OO0ODOOODOOOODOO

00 1 Lossless0On00 LTIOODOO
G(s) = {4¢,Bg,Ce,De}0 000000000
0O000D0D00QRQUOOO0O0ODOO losslessd O

ooooo
AGQ+ QA =0 1)
QBg = C¢ 2)
D¢+ DE=0 3)

00 1 G(s)0lessless0 00 00000O0OOOO

0o
Toin = 0 (Tl = V2 @
T(s) = [ Kis) ] (I — G(s)K (s)) " [ I G(s) ]

(5)
00000:00G(s)000000K(s)0000

Moo < V28 (8>1)

000000000007 (s

gooooo

/g2
AK = AG — ﬁBG

21
X {1— <DG - ﬂﬂz 1) S~Y(DE +I)}BCT;Q
/gz
By = pyo BG;CK —BLQ, Dk = —Dg,
S=1+ DGDG (6)

OO0O0G(s)0lossless0 000000000000
00000 Riccatil O O

(Ag—BgS 'DLC)"X+X(Aq—BsS'DLCe)

~XBsS'BLX +CLR'Co=0 (7)

(Ag—BgS™'DLCe)Z+Z(Ag—BeS™'DLC)T

— ZCLR'CqZ + BeS™'BL =0 (8)

OR=I1+Dip,000000000X=2Z2"1=Q
0000000000000%000ymn =
O00vmin =v2000000

00 100100000G.(s) =wG(s) (w>0)
0000000000000

3. Ooond

3.1 0O0oOd

uooooooooago
N

kis
> o )

=1

G(s) =

O00000Olessless0000000000OG(s)0
goboboooobobobobooog

Ag = blockdiag(Ag, ... ,A%)

B,
Bo=| 1 |.Ca=]c} cs |
| B&
[0 —w 4 0
AZ — 7BZ ,
¢ | wi 0 ¢ VE; ]
Cé = (By)" (10)

O00O000(1), (00000000000 QO
ooo@=/00000000o0oooooool
000X =Z=I0000w>00000G.(s) =
wG(s)00000000G(s)000000000
0 K,(s) = wK(s) = {Aks,Bka,Crka,Drat0 O
doolggbuooogouobooooo

2 2
Akq = Ac /52 wBaBg
B _wh poo wBE, D 0
Ka — ,62—1 GyVKa — Gr YV Ka —
(11)
gooooogao
Al B B
p(s)= | Pl Pel) | o T
Pll (S) Pzz(s) 1 11 12
Cy | Doy Do
(12)

-2 -

1+ Apax(Z2X)



Q)
o
~
w
~
|

Fig. 10 Closed-loop system
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Fig. 20 H(s) with frequency weighting functions
V(s) and W(s)

00 40(18000BBLO0ODOO0O0O0ODOOO
O00DO0ON=30000

0 0 0 0 0 0
0 Kk 0 VEkikz 0 Vkiks
B.BL— | © 0 0 0 0 0
GPG= | 0 VEiks 0 ke 0 +Vkoks
0 0 0 0 0 0
0 Vkiks 0 Vkikz 0 ks
(30)
00000000BeBLO Ok, ky,y... ,k, 000
00000000000000 gy, 42, fno10

0000k =wk (i=1,...,n—1)000000
OBsBLOON=30000

0 0 0 0 0 0
0 k1 0 J251 k1 0 H2 k1
T 0 0 0 0 0 0
BGBG - 0 /1,1k1 0 /J,%kl 0 /1,1/1,2]61
0 0 0 0 0 0
0 pokr O jpupeky 0 pik
(31)

0000w, pL00000000000KDOOO
0000000000 00G(s)000kKO0000
ocoobooo0o0o0oLMOOOOOOODODO
oooo

4. 000

0@QUOODO0OON=3000000000H,
oooooOoOo0oo0oooooobooosz21g00d
000(2)0000¢, D, 0000000000

Cy = l o ] yD1g = li] (32)
O1x6 P

Uddp>000003210000000000

aoo

000000000 oo0oo0AwOOOOO

— 4 —



OAw; ((=1,2,3)00000000000000
0000000010000

OD000Aw, AwDOODOD0OO0O00O00000O
0(28), (2000000000000 —0.5w; < Aw; <
05,00 < Aw<200000000000000
00000000200000000J,, J,.000
000000000000000000#,000
0200000
03,4000000000000000000
00000000000000050000000
DO0o0O00000O0O0oo

Table 10 Physical parameters

Parameters  Value
wy [rad/s] 12.53
wy [rad/s] 50.12
wy [rad/s]  112.78
kq 1
ko 1
ks 1
p 0.1
w 10

Table 20 Result of the simultaneous optimal design

Parameters Value
Jo 0.53
Jae 0.45
Awy 0.39
Aws -3.24
Aws 2.50
Aw 7.38

Gain [dB]

...... : Before optimized
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Fig. 30 Gain plots of the closed-loop transfer func-

tion from disturbance to sensor output
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Fig. 40 Gain plots of the closed-loop transfer func-

tion from disturbance to control effort
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