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Modeling Technique and Controller

Design for Slewing Smart Structure

Moon Kyu Kwak

Abstract

This research is concerned with the modeling technique and active vibration
controller design for slewing smart structures. When cantilever beam rotates about
axes perpendicular to the undeformed beam’s longitudinal axis, it experiences inertial
loading. Hence, the beam vibrates from the initial stage of slewing. In this paper, the
analytical model for a single slewing flexible beam with surface bonded piezoelectric
sensor and actuator is developed using the Hamilton’s principle with discretization by
the assumed mode method. It is found from experiments that the theoretical model
lacks the frictional effect. The frictional effect is incorporated into the equations of
motion by employing the coupling factor. Theoretical and experimental results show
problems arising in modeling and controller design.
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Fig. 1. Configuration of a Cantilever Beam
Attached to Rigid Hub

4714 X o Y& AUAREE dvis x, v 7
Ao 0 REE vl@h PE v dslol 3
Ae Udehin, o= A HARE g 2
Yol ¢ & 5ol FAHEE Bl Adsof
Hue fEshe 2o AFe mol ¥AY A
BA7I% A5I1E olgated ol Foj AT

2 el B9 2dE didez EFEWAHAS
FE3E AulE2WAA G Holg $PAe &§d
g2 Yeldo I olf e HAME ojataoz
FEHAT By d&Aolr] dEd AfHo=
EH=7) dEolch olgt L EFVEYHAL
Aojz] AA st FAA ] FAGE AR &4
B v(x,t) B S o] o)z v
1=

vix, t)= §‘¢,(x)q,(t)= Dgq (1

714 ¢;(x)E 7IR R =(assumed mode) E°9
g;(t)e 4939 = E(modal coordinate) oltt »n
g ()l AsE vedd @ dFME
Kwak[9]o] A¢# 71 R=E o] &3}

Hamiltom f¥8& 4331 g0 Fx=3z &
99, & slewingo] M= ¢dx s1YsA &
F3A4E & go] =¥ & A

JG +Cnb +0q=Ty (2

079 + Mg+ Cq+ Kq=—B,G,v, (3)

- 675 -



o714 J& Hub% Bel F@H4AFE 9
Bge 4oz gHAd
J =]H+-%‘mbL2+ my rit+ myryl
+ 2w [482-% o @
+ 75 (Bi—a) + vl BF— aP)]
A7 Jy rpe HE AFJHYRAES] F B9
HHEE JElY m,, L& ¥ A Zojg
vebdth m,s iHA AXe AFS JEy
o, a;% g i¥9A LAY ARHA FAHAE
GJEIT Ty uel Huol 3¢ E2E o)
3 C,2 B A dig HHALE Y
dd a8z

] n___ 8
M=m, [ 070ds+ X m,L [ 0T0d (5
1 1
® =myry [ Odgt+ml [ code ©
W B __ F
+ Llmalra [ 0de+m, 12 [ cods)
A7) PRAY 45 x=LE & =AU o

714 a,=a,/L, B;=RB/Lo\T}

ARNE K,= glK,,,- o),

E,  do” d'o
L b g8 a&
71 Ey, ;5 29 Young's modulus$t &2
AEHEE e

Kp, = w,fE,t,/Ls(_yiz + y,~t,,»+ tzp,/3) (8)

f_ﬂ o' To'dt

K/, = (7

3714 e qAAe E
modulus, $7 YeEbdT y;= PAATE F2d
H32, F B FAe] o] ®Hrh

wy, E,, Young’s

Ct 2 ZHATE Uit FHASY 27
& YARE ogun.

M2
i g

FHAMA oF JEgAFE FAAR <l

25712 AHRE Z4E oldolN AFsE 4
B7t B,7t 53 #A7E AHEHE B34 B,
7+ €.

B=[b], bg"’ b,.p] 9)
o474
. N LT
b; = ﬁ"}"—”EE (y,»+ —tzi"-)f_ o Tdr (10)

7 AY. G,= YHRErNE PHee dgds
9] o]5& UEpdch

GAZA 7] FHNL GeT go] EHAL.
v,=G.C,'Blq (11)
Q7N G,Cil= —Cl el "gm C, =
2+z}o] Charge Ampdl AFE-€ WA goz
o]0 tZyP L Yt

Aol fle ZAgol Wit 4 (39 1H=A
Ag 9 nHUEYL DFA7 dojAt o] 3
o ol THHEHS U™MU= 1,
U'KU=A=02"% olg3n Zad dg 73
UTCU=22Q0% A4stn M2e ZYIFA,
g=Up & =33 @), 3), IDE & 2
o] thAl & 4 itk

J6+ C0+c, & Up= Ty

u
LN
]

-

BERY

(12)
UTOT 8+ 3+ 2ZQ9+ Ag= U'B,G,v, (13)
v,=—C.'BTUy (14)
714 4 (12)¢ frEstEd A ¢, & AU
o ¢, REY olaE 9gL wigdse A5
g, oldGgAro £ ojERdoA 2HAA
5ol APl dolxz Y= BF ARE
vigo g 33 Qo elFGIASFE =YsH B
o] AEo] sH ALHE AL o AL o
g 4 Qvh. F oAZ Qg FUE TEY 5
A Ak ¢ B ALSsE HAY Gyl e AF
of 48& FA Hol &¢ A WIHE FH @
o B QTN o8 2de $¢o) AyAe}
FAAE ¢ gto] dubzh HEA ZAS AT

- 676 -



3. 3 Xs¥ A

% ATE A%t Fig. 2914 Rolt wist o]
HYAS 4F71E ARG JYELE DC 2Ho
ARt REY ZEE AAGE ol A
zagon no BYANE YAFAINE ol &3
o AZaglch

440

S ST

.
§ Ju
.
92 . , 638 323,
272,

158 !
B .
:

Fig.2 Cantilever with Piezo Sensor and Actuator
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Fig. 3 Experimental Setup

€ d7dME 94 gd-AE FA H12)E
o] &3t =d PIDAICIZIE HAST FA o
AYPPFAo71& Fd3] 2d EF5Fo A3t
€ A%H uFxe FHFAFE AUt

€ A7 ]88 HAY PIDA7|E chg
#4.

T
G(z) = Eféz))
[ Ty K
TK; 2K K
T e 5
[2(z—1)
(15)

g7l e=6,— 6 oltt. g PIDAI7Ie A
A% Alojd s de deld o o ol 49
o] Wastx @& Aoz AIAL. £ H4YPoME
HA" PIDAI0I719] A7kA0) 5, & dldlo]l 5, A
lEel5e  ZAAs7 AstAd Zigler-
Nichols ¥ 3[16]& Alg& At AFHAE sl
€ UA" PPF Alo}7][5]1& Argstrt

gols,

4. A!g ggl

the 2ge 2FY Bol tate] &N 2YS
Mgoz ol Fus $UINY d¥ez I
@ F4e9e woFm glnk

fiHz)

Fig. 4 Uncontrolled Experimental and
Theoretical FRFs for Clamped Beam
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Fig. 5. Experimental FRFs for Clamped Beam
and Beam attached to Motor
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Fig. 6 Experimental and Theoretical FRFs for
Beam Attached to Motor
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Fig. 7. Experimental and Theoretical
Time-Responses of Angle with PID&PPF control
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Fig. 10. Experimental and Theoretical
Time-Responses of Sensor Qutputs with
PID&PPF control including Coupling Factors
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