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ABSTRACT The active control of cantilevered-bearm vibrations has been investigated both from simulation and ex-
periment points of view, by positively utilizing the adaptive model-following control techniques based on the hyperstabil-
ity theorem by Popov. The followings have been obtained. The choice of the elements (diag[q;li=;,) of the matrix Q
in the Lyapunov eq. (Ay’P+PAy=—Q, where the Ay is a reference model matrix) affects the decaying speed of the
tracking error e(t) on a sliding mode (v=0), and the more prominent the relation q,>>q,, the more greatly is improved
the steady tracking error e(oc), By taking the continuous function cont (v) =v/{lvll+8) in place of the discontinuous
input function sgn (v) for the robust compensation, the chattering during the sliding mode is not only removed, but the
e(cc) can be also minimized when there is employed an optimal value of 8. Under the condition of Q =diag[ 10%,1] and
d=0.2, the maximum controlled logarithmic decrement (8) is 1 =0.3248 including the free vibration damping &y,
=0.0117 in the open loop system. Furthermore, it is found that the adaptive control scheme adopted here guarantees

a fairly large robustness even in the presence of the imprecise modeling and parameter variations.
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Active Control of Cantileveréd-Beam Vibrations Using the
Popov’s Hyperstability Theorem. By Hisashi Kawabe and
Kazunobu Yoshida (Dept. of Mechan. Eng., Faculty of Eng.,
Hiroshima Institute of Technology), Hirohiko Nishio and Taku-
mi Tkeda (Mechan. System Eng., Graduate School, Hiroshima
Institute of Technology).
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Fig 6 Simulated control responses (a) and (b) correspond-
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Fig 7 Simulated control responses (a) and (b) correspond-

ing to Table 1:C and Table 1-D

K, LYAPUNOV H8=R ATP+PA,=—0(Q>0)
LhPERDS.

| e | I
1 —a,dLlp, ps b2 b3 Tl T
=_|:‘I1 0]
0 g
Lh

[ —2a,,p, D1 Gnafo— Gy P3 j
b1~ Apapy— A p3 20y a3

=-[5] (34

Lo Ty, ps ik

1
h="q
2 'm
e (35)
1 91
b= [Q2+_
am2 (2%}
FreK(33) i
p3ea= —pae,
e 1 ) (36)
2 pa 1
ERIK(33) D py, ps AT B L
_0
2a,,

a:;: ii 1 “ (37)

ZORDLbND LI, ¢)p CRETH I
DRI GEXRE) 12X v kb, HEBREORK
BUNKEL LB &0, HHEZOHEML BN
INs.

4.1.2 HEAANOBEGFLER 6 OHEM~DOFE

AEY B 7 L BRHERIC ST 5 EHEA D
I, ROOKRT LI, GEER) BIERT&AD
CARIEETA B E sgn (v) L. D sgn (v)
L, 74 ox U LER L BIE L OREREZHA
OBFHE v=0 THECE T, F+ XV v IHBELS.
ZDBGEE <1 sgn (v) D4 % #EiFLBIE cont
@) =v/(lv|+8)¥IBEHBL TH 5. APEKOH
Al L b, FEFELANYEFRCALT 5 2 L23cs
5.

Table 2 i3 LYAPUNOV FBR DO RETFI % Q=
diag[10%, 1], BB E TN 5 2 — X % w,=6.0[rad/
s, (=08 EhLhBRELLBED, d DFLE&H
HRT. ARCE->TYIav—v g vV LEERY
Fig. 8 5 X U'Fig. SR T. d B AEL LB
T, HEATVBOLRIESTEY, Fv £V V7Y
BA LT LB, RRHCHREE 7 AV ~DOBREMEIMET
LT\ DOxnbhnd. BECIL, 4228 TCTHRN5 X
SIIHEGHAAT (sgn 0)) OF 4 v 2 A {LEE
LORIECHHATY, I BREEBEYR/INC
THRBEVIFET S (XFHITEE).

4.2 RBHFHCLIIBRIIVER

BIfiCOY i 2 v—v 4 VEITORN LR, Fic
EEmL b, BEELFHEG (LYAPUNOV /i
RORBATFIEEKEE) LHliRE, 72 2 v LEEC
HOIATAT 4 v7E— FHEANBEORFL, =
FA T4 v 7 E—VHIEEED = R HIRESOR
B oW THRET 5.

Table 2 Parameters of Q

©=6.0 (rad/sed, £ =0.8
Q=diaglq1,q2]
No 8

q1 qe
A 10
B 100

1000 1
C 1000
D 10000

— 60 — Yial—vav HIVGEEIE

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

MATR[X B(2*1)
0.00e+00

8 =1.00e+01

MATRIX A(2%2)
h0c=1366.8987 w=6.0 !

0.000e+00 1.000e+00 |

hO =1400.0000 §=0.8 | -7.131e+02 -1.214e-01 : 4.96e-01 :
MATRX)( Q(2%2) MATRIX P(2%2) Sampling Time . 5 50560
1.00e+03  0.00e+00 | .873e+02  1.38%e+01 : X u—
0.00€+00 1.00e400 ! 1 389e+01 1.499e+00 | Xm XK
X, Xm u
N B
kY —X
o5 [N vm
open Loo
x('b L) pen 1000
0.0 1200.0
u(t)
-0. < 0.0
0.0 1.0 2.0 3.0 4.0 5.0
a
5 =1.00e+02 HATRIX A(2%2) MATRIX B(2x1)
n0c=1366.8987 w=6.0 ! 00e+00 1.000e400 : | 0.00e+00 !
h0 =1400.0000 {=0.8 | 20505508 1ankerol 4.96e-01 1
BATRIX Q(232) MATRIX P(2%2) Sampllnz Time . ¢.00s60
J00e+03 0.00e+00 ! ! 1.873e+02 1.389e+01 ! —_ —_
3.006+00 1.006+00 | 1.389e+01 1.499€+00 ! Xm —_— f-—
X, Xm u
0.5 »_o//‘rm \
Y X 'b x(t)open loop
0.0 an (1) : . 1200.0
| ! |
0.5 U (t) ; 0.0
Q.0 1.0 4.9 3.0

o(b )'5 o

Fig 8 Simulated control responses (a) and (b) correspond-
ing to Table 2-A and Table 2-B

§ =1.00e+03
h0c=1366.8987 w=6.0
h0 =1400.0000 4 =0.8

MATRIX A(2#2) MATRIX B(2x%1)
i 0.000e+00 1.000e+00 ; | 0.00e+00
P -7.131e+02 -1.214e-01 ! I 4.96e-01 !

MATRIX Q(2x2) MATRIX P(2%2) Sampling Time . 5 00560
4 1.00ev03 0.00e+00 ! 1 1.873e+02 1.389e+01 ! X u —
0.00Ce+00 1.00e+00 ! t 1.389e+01 1.499e+00 ! Xm Xk
X, Xm u
N\ T e - . . ., .
Ty 3 : _
05| T . \
Y )
}/x (t) x (t)open Loop
0.0 NN . o n 1200.0
7V V_V( )
¢ u(t)
0.3 \ e - : 0.0
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a
8§ =1.00e+04 MATRIX A(2%2) MATR]X B(2wl)
h0c=1366.8987 w=6.0 | 0.000e+00 1.000e«00 ! | 0.00e+00 |
h0 =1400.0000 {=0.8 | -7.131e¢02 -1.214e-01 : ! 4. g6esor |
HATRIX Q<242 MATRIX P(2%2) Sampling Time . 5 oosec
00e+03 0.00e+00 & i 1.873e+02 1.389e+0l i X —— u
0.006+00 1 00ev00 i 1.389e+01 1.499e+00 i Xm P p—
X, Xm u
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5 e : opem loop
N ] -
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“0.5 \ o 0.¢C
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( b))

Fig 9 Simulated control responses (a) and (b) correspond-
ing to Table 2-C and Table 2-D
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Table 3 Parameters of Q

wn=6.0(rad/sec) , {=0.8
Q=diaglyi,qe]
No. 8 L
91 qe
A 2 1000 1 0.2452
B 2 100 1 0.1386
C 2 10 1 0.1155
D 2 1 1 0.1155

¥ 1750 Q=diaglq,, ¢, ] # B IR LFHEOEML L5
535 6 DERELYTT. AEOEHE A DItOWT
EBEIHER LR % Fig. 10, Fig. 1R T. &
Bzt % ()i CRTEED, (b)idv z—& (fX
D 10 mm/sec) TOREFLXFRT. (@), B)FE D »(t)
DRDOIRENGE % 7R L, controlled DFH LA 3B
— 7%, ThbbHEIEELRT. ok XREOE
B, o(t) 3EHBEANE TR Ehanrd. HiREES
TTREEERI L, Vva— 40K EEH»LL
FToREHE > TRDRD,
6,=(1/n) In (ay/a,4+;)
o, q IEERBFOHEIIREY,
n+1 HHOREBY T LhrT.
SRR HETEEER & LT, B — 7% (o
e CHHEBERRE) CORSEHELAE LIER, J

(38)
a1 %

& =2.00e+00 MATRIX B(2#1)

MATRIX A(2%2
h0c=1366.8987 w=6.0 ! .0

00e ~OO 1.000e+00 : 1 0.00e+00 !

h0O =1400.0000 ¢ =0.8 | -7.131e+02 -1.214e-01 ! 4.96e-01 |
HATRIX Q(242) MATRIX P(2%2) Sampling Time . 4 oos60
+03 0.00e+00 i | 1.873e¢+02 1.389e+01 ! pX u—
0 009’00 1.00e+00 | t 1.389e+01 1.499e+00 | vX ——0
PX, VX(¥60) u
0.5 r& (t)
controlled
1e0130ta TYTITINEY) g . 200.0
Y AR AR
x 0.0
u(t)
0.0 5.0 10.0 15.0 20.0 25.0

( a)

Chart Speed' ( 10mmn/sec )

(b) Waveform using a recorder

Fig 10 Real-time controlled responses corresponding to Ta-

ble 3-A
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8§ =2.00e+00 MATRIX A(2%2)

MATRIX B(2%1)
h0c=1366.8987 2)'6.0 ! 0.000e+00 1.000e+00 ¢ i 0.00e+00 !
8

ho =1400.0000 ! -7.13le+02 -1.214e-01 | | 4.96e-01 !
MATRIX Q(2%2) MATRIX P(2%2) sampling Time . o 00560
i 1.00e+00 0.00e+00 ! | 2.060e+00 1.388e-02 | pX —— u —

! 1.389e-02 5.353e-02 ! VX —

| 0.00e+00 1,006+00 !
P 60)

0. A 200.0
i

o5 b

(a) Waveforms displayed on a CRT

Norr-controlled (§ g = 0.. 0117(¢-1=0, 037)) | Controlled( §3=(.]]/55 )

( b)

(b) Waveform using a recorder

Chart Speed ( I0mm/sec )

Fig 11 Real-time controll responses correspond to Table
3-D

=8;=0.0117 TH 5.

Fig. 10 (% Q=diag[10%, 1] D& (AEXFHA) T
B, 6,=02452 Th 5. % Fig. 1113 Q=diag[1,
1] 04 (AEXEHED) Thh, HEKEOEELE
LTD§IIETLTVS.

LEDEERL D, ¢>¢ THBITE, HIRMERELR
ETrcinibnsd. ZORKBI4IIHOERE L —
%T5.

4.2.2 EERFECcoOBESIANER S OHEKEE

~DOYE

4.1.25H TR~ 1 6 DFIEME A~ O FEY RS
I OB L THRD. Table 413, BT F LT 2 —
£ % w,=6.0[rad/s], {=0.8, LYAPUNOV /& X O
FEEATH % Q=diag[103, 1] ez h T hFEEL, HE
ANDOHEGFICER 6 B IR IHEDFMHENIT
T5060ERELRTRT. AROEFHAZI=0D%
&, 2% VAROHHERFNGFHETH 2 HI SHIEER
ASIBI% sgn (v) OBHFOHBELETHS. UF, &
Rova—F—BfLoovBETHE, FHECO
EEXBLEHEDR (6,=03248) 3 KELSL->TH
b, I NThUETIRHESRIICEI L, FHI1
TERHEDE (6,=0.0193) EhkHTFEL LT
5.

Table 4 Parameters of &

w =86.0(rad/sec) , {=0.8
Q=diaglqi,qe]
No 1 [
9 qe
A 0 0.2452
B 0.1 0.2506
C 0.2 0.3248
D 0.5 0.2496
E 1.0 0.2281
F 1.5 11000 1 0.2118
G 10 0.1733
H 100 0.0770
I 1000 0.0193

Fig. 12 3548 C OEBHHAZRTH D, ARG)
(LCRT D, FR®M) XYy 2—#~ (%D 10 mm/
sec) DIELFREE LThLhrT.

DEDZ &b, sgn (v) ZELHBER% cont (v)
DF 4 CENRTEELIEE, Rt EREITi,
Table 4 X b, 6,,=0.2) B"HFETHEIFbDS. &
DX, <O, TiX, X »IFHERLATTRE L
oTF+ &) vV IIHEEL, *ﬁ5>50pt T LD

§ =2.00e-01 MATRIX A(2%2) MATRIX B(2#1)
h0c=1366,8987 w=6 ! 0.000e+00 1.000e+00 ! i 0.00e+00 ¢
h0 =1400.0000 £ =0.

1 =7.131e+02 -1.214e-01 ! H 4.96e-01 !
MATRIX Q(2%2) MATRIX P(2%2) sampling Time . ¢ oos60
i 1.00e+03 0.00e+00 : i 1.873e+02 1.389e+01 ! pX —— u
i 0.00e+00 1,00e+00 i - 1.389e+01 1.499e+00 ! vX
DX, VX (%60) u
N T
x(t)
|
200.0
0.0
25.0

Chart Speed ( I0mm/sec )

(b) Waveform using a recorder

Fig 12 Real-time controll responses correspond to Table
4-C
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ERAEER T IS\ T, HERRIC T 2 - 2K
DFRELBEOHHEREE, Thbber A D
WTRE L TAS.

Table 5%, HEET V52— 2%, 0,=6.0
[rad/s], {=0.8, ¥ FT71% Q=diagl10, 1], AJIEH
BOBHILERYZ =0 (T7rbbsgn () £ LT
Fig. 13 R T & 5 KRl T xS
1B EDOEMEERIET B 6, DERAER T .

G (R-1) RHENRIC AT 4 — 2 BB
&, §,=0.255¢ DEIEHRILHAOND. £H R-
2) TR I200g D5 WER MM T RBE T, J
=0.2118 LML LHRBEOE TR LS.

Rk, & (R-3) (B 500 g D48~ H D £F
FeBETHh, Tl (R-4) 11700 g D%
oM BET, vAT AT A — 2 ORMEIT,
6,=0.2088—0.1695 N L R AWAET LTk %. L
L (RSt Liey) BEET ) v 7 %aiiReET 5
LQ HIHROFEY & AT, KARLE L TN Hlik
BHENLBOLR TS,

DEogERL b, TJEY A vEeF L BREHIEEANL
FERAVIIRERCK L, BAVGRAAMEERET
5LE2B.

5. ¥ & &

POPOV OBEEERICE SRy 1 v Rl

Table 5 Parameters of §

© =6.0(rad/sec), { =0.8 : 8§ =0.0
Q=diaglq:,q.]
No W (g) &
q1 qe
R-1 0 0.2554
R-2 200 0.2118
1000 1
R-3 500 0.2088
R-4 700 0.1685

*) JE# Bt A JIsgn (v) % H ek A J1BE B cont (v) =v/
(loll+6) wBEHBZ HE, WEE AEL, d0K
BEIFET A&, FERERHEAIOT 4 o501
it (FTiebby 7Y v 7B K HEEBRELE
BEBFR D 0O, HICBREEER sat (v) DHEEE
L TR BEBELAR (¢p) DEETDEVHIALOH
B HIETAh0EELHRB.
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o

"% B Additional mass for
Parameter variations
7

Fig 13 Additional mass for checking the robustness
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S i h - CHEBE HEFIND. ZHILE
BRI HHBAINS.

(2) HERZ RO 2 bh A IEEFHEA D
BE¥ sgn (v) & F + 2 V) v 7BrEO DO EGFLEIK
cont(w)=v/{lv|+6) K2 H L &, T4 v &L
B BE L TRAHIRDREX B LD OR#ER D
FHETS.

(3) (QwBLT) EEEBRTHEDLI D RAHIRE
X, 0=digl10%, 1] DR T, 6=6,=020D L ¥, &
KRBT 0, nan=0.3248(5 LHHBR COF 545
(3. 6,=0.0117 THBHDT, O4mu/0y=27.8) TH%.
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RFTr A2 b EEZRE LEER, BUSHicinsic
REVEIER BRI A BT Liead, /e h o%RZIR
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