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Dynamic Modeling and Active Vibration Control of Cylindrical Shell equipped with
MFC Actuators
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ABSTRACT

This paper is concemed with the dynamic modeling and cortroller design for a cylindrical shell equipped with MFC
actuators. The dynamic model was derived by using Rayleigh-Ritz method based on Donnel- Mushtari shell theory. The
boundary conditions at both ends were assumed to be shear diaphragm. To verify the theoretical results, a cylindrical shell
structure made of aluminum was built and tested by using impact hammer. Experimental results show that there are little
discrepancies compared o theoretical results because of the boundary conditions & both ends. The MFC actudors were glued
1o the cylindrical shell in longitudinal and circumferertial directions. The PPF controller were designed fot Jowest two modes
and epplied 1o the MFC actuators. The experimental results show that vibrations canbe successfully suppressed.
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Fig. 1 Cylindrical Shell
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Fig. 4 Third mode shape: (2,1) 767 Hz
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Fig. 6 Experimental frequency response curve
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Fig. 7 Macro-composite actuator attached to the
cylindrical shell
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Fig. 8 Charge amplifiers connected to sensors
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Fig. 9 Simulink bloék diagram for active vibration
suppression control
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Fig. 10 Uncontrolled and controlled experimental
frequency response curves
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Fig. 11 Uncontrolled and controlled time histories

A

Berser Dutpuitv)
(=3

- 12 14 16 18 2

4 E9 & EE

€ dRolMde Hdddd 4 PEEY 3 £
29 Wws MFC RF71F ol 88 554 FA9
¥ g =982 A S'.““é% LR
Rayleigh-Riz W & ol 889299, 1§ EHl &
4FWgY Fxof e WAL E FEt
QA BTI0 £85 AL, BT He] e DA
A9 fx7F 9adtd], ole iy A @3
Zolr}.

2 A7 Y digd 448 ’d?ﬂlﬂ 4 358 A
A3 HEE FHHRG 4¥E T goA
THRAST B 8oy A4e THAEF B
B 2214 2ol s‘.olcd ol dYg @ ®=
F9 g AAZA0 o8 spAE Shear
Diaphragm Zz s} YA 3px o} Layst Zeog
ArE vt

& AFolM ALgE MFC RFIlE RS
Z2XA717 A 5o Ak mekA o] BREIE
EFAAANIE & & U, AEd AL
PPF Ao & AZsted ARsidn 8dy ).
¥ AFelqe AA 4L F 2 AF B
F Mg F xi%EC Mozt X} PPF znoiﬂla»
“HEn olF AES FHsF ST HAAA =
§ Aol c'»rola% AE 6???5% ala}A MFC
BEIL E AF o)A Ay HdYo 4 FEFY
Ag Aolo] RYTE $PT & AA} 2R o)
B 20 #ysd olF Eol Adsl Aol E
AAlEte B g o HAQY Ay HF o
& F g Hog ods}



g 2F0F e 2006 EAGENH =EF

|

i

g e agiasl ALde $38
$S8 AFANY £FFEAE ARAY AL
og oS0k BAI oA EA AL

12

)

Mo

—_

(1) Arnold, RN. and Waburton, GB., 1949, “Flexural
Vibrations of the Walls of Thin Cylindrical Shells
having Freely Supported Ends,” Proc. Roy Soc
London, Ser. A, Vol. 197, pp. 238-256.

(2) Leissa, A., 1993, Vibration of Shells, Acoustical
Society of America, Originally issued by NASA, 1973.

(3) Yuan, J. and Dickinson, S.M., “The Free Vibration
of Circulatly Cylindrical Shell and Plate Systems,”
Journal of Sound and Vibration, Vol 175, No. 2, pp.
241-263.

(4) Markus, S., 1988, The Mechanics of Vibrations of
Cylindrical Shells, Studies in Applied Mechanics 17,
Elsevier.

(5) 44, 1996, “YBDP-LTAH AE Ao
AE W4, HRASATEUIA
1 %, pp. 45-56.

(6) Y4, o]"Al, 1996, AT WIHE 2= pAE.
S YEA pRIAE A srRASRN T
R, Al 63A 211 6 =, pp. 801-818.

(7) TAF, o]F4, 2002, “FHo] DIXAH A=
#4549 JITEY A4 S#=2ASIETBEE
A, A4 1238 A 2i,pp 07-107.

(8) THE, T2 1994, “HLATFA| W ol] 23t
HEAANE x% #HEY 7229 ARISH
A AFZASYTBERA, A 43 A 4 E, pp

460- 478.

(9) Tzou, HS. Zhong JP. and Hollkamp, J.J., 1994,
“Spatially Distributed Orthogonal Piezoelectric Shell
Actuator: Theoty and Applications,” Journal of Scund
and Vibration, Vol. 188, pp. 363-378.

(10)Lester, H.C. and Lefebvre, S, 1991, “Piezoelectric
Actuator Models for Active Sound and Vibration
Control of Cylinders.” Proceedings of the Conference
on Recent Advances in Active Control of Sound and
Vibration, Virginia Polytechnic Institute and State
University, Blacksburg, VA, pp. 3-26.

{(11)Sonti, VR. and Jones, J.D., 1991, “Active Vibration
Control of Thin Cylindrical Shells Using Piezo-
Electric Actuators,” Proceedings of the Conference on
Recent Advances in Active Control of Sound and
Vibration, Virginia Polytechnic Institute and State
University, Blacksburg, VA, pp. 27-38.

(12)Clark, R L. and Fuller, CR., 1991, “Active Control
of Structurally Radiated Sound from an Enclosed
Finite Cylinder,” Proceedings of the Confeence on
Recent Advances in Active Control of Sound and
Vibration, Virginia Polytechnic Institute and State
University, Blacksburg, VA, pp. 380-402.

(I)EE7, A&, A5, 2005 “MFC &E71&
Ol 83 ADLE Hul 222 SEJEA" FH

TASFUEEEEA, A 15 F A 12 E pp

1408-1415.

(14)httpfferwwsmart-material com

(15)HT, 1995 “YPANRE 0| BT AS+EF
9 SSAEAN FEASATBEHEA, Al 5

A, Al 3=, pp. 292-302.



