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Active Vibration Control of An Automotive Roof using Piezoelectric Sensor and Actuator
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ABSTRACT

In this paper, we have studied on the active vibration control of an automotive roof in passenger car’s structure using
piezoelectric material as the actuator and sensor attached on the surface of the automotive roof. As a control algorithm, negative
velocity feedback control method is used in the study and the position of the sensor is almost attached on the nearest position of
maximum normal stresses occurring while the roof is vibrating due to disturbance or exciting, Also, the actuator is attached on the
other side mostly collocated to the sensor. The optimum positions have the maximum stresses of the roof which have been found in
the result of the finite element analysis using Nastran software, As the fundamental experiments, a beam and plate have also been
implemented to verify the performance of vibration suppression. Finally the experiment of the roof has been carried out and The
roof experiment has just given a possibility to an active vibration control of the automotive structure still not applied for passenger

cars.
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Setup of the experiment
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Fig.1 Experimental setup of the cantilever plate.

Fig.2 Experimental setup of the automotive roof.
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Fraquency Response Function of the plate lled by using PZT
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Fig.5 Zoomed FRFs of the automotive roof for the 3rd
mode.

Fig.6 Arrangement of the piezoelectric actuators and
sensors in the middle of the automotive roof surface.
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Fraquency Response Function of the reof controlled by using PZT sensor/actuators
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Figll. FRFs of the controlled automotive roof in
100Hz~230Hz band.

5. 28

dHAANEE AWM AFolHE Agstd W3
ZgolE, AFATIFZE LT SEIFA
d& FYPstgi

Mo AL E 1 AR A4 A3 12~13dB
9o Hax A4S Aoy, EHolEY HE$ 13
A BEox AFoole 9 wats FAN A
7tz 3 79 AFrololEl, 2 e AXME AL
20dB, 18dB o ¥ A X7} 743t modal damping
ratio 7} AFololel2] £zl HlHMAM FrletA
3, =3 AALE Frgel @A modal
damping ratio 7} % 7}3} %1t}

AFAETe] AL 100Hz 0)3F REE AojRE=R
AAste] Ad A o] 499 F74d(dynamic
stiffness)o] FiF oz ZAste W, SHolEY 13
AE(GIB) {3 A7 ZAE%

R HYdsmAogangEes s5IFAA
g FASYOU AFATEY B9 7zEY 2
ol F3sol wet FRY oz th2y] R A
ojAYY Fo A2 nFo] st
HIES
(1)Anab  Akanda and  Gregory  M.Goetchius.,

“Representation of Constrained/Uncontrained Layer
Damping Treatment in FEA/SEA Vehicle System model:
a simplied Approach.” SAE Noise and Vibration
Conference 1999.

(2)S.Subramanian,R.Surampudi, K.R.Thomson and
S.Vallurupalli., “Optimization of Damping Treatment for
Structure Borne Noise Reduction.” SAE Noise and
Vibration Conference 2003.

(3) IEEE Standard on Piezoelectricity

(4) H.S Tzou “Piezoelectric Shell: Distributed Sensing and
Control of Continua” chapter2,4,6. KLUWER
ACADEMIC PUBLISHERS.

(5) “Prediction and Measurement of Modal Damping of
Laminated Composite Beams with Piezoceramic
Sensor/Actuator.”, Young Kyu Kang, Hyuun Chul
Park, Woonbong Hwang and Kyung Seop Han,
journal of INTELLIGENT MATERIAL SYSTEMS
and STRUCTURES. Vol 7 Nol pp25~32 ,JAN 1996.

6 A5 BgA T2 AFA B4 nE 7
a4 #N, FAF Q@ FHE7 = Y)

(7) G.Schulz and G.Heimbolf
“Dislocated Actuator/Sensor Position and Feedback

Design for Flexible Structures.” J.GUIDANCE Vol
6,No.5 SEPT-OCT 1983.

@) $AABE ol & A B HAAFA
ol 3ul, HAE, o A(FFHA7| &)

(9) K.Xu, P.Warnitchai, T.Igusa., “Optimal Placement and
Gains of Sensors and Actuators for Feedback Control.”
J.GUIDANCE Vol 17,No.5 SEPT-OCT 1994.

(10)Edward F.Crawley, “Intelligent Structures for
Acrospace: A Technology Overview and Assessment.”

(11) Edward F.Crawley AND Javier de Luis, “Use of
Piezoelectric Actuators as Elements of Intelligent
Structures.”

(12) FUJI ceramics, PIEZPELECTRIC CERAMICS
“ELECTRIC-MACINERY ENERGY CONVERTING
ELEMENTS WITH WIDE APPLICATION AREA.”

- 838 -



Mode shape
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Appendix 1. Finite element analysis(nastran sol:103) of
the cantilever beam to determine positions of the

piezoelectric sensor/actuators.

Strain Energy
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2 XH60.76Hz)
- 1% bending
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sensor/actuators.

Appendix 2. Finite element analysis of the cantileve
plate to determine positions of the

piezoelectric

Mode shape Stress X
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- local
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roof
sensor/actuators in automotive roof.

Appendix 3 Finite element analysis of the automotive
to determine positions of the piezoelectric

= oA

Appendix 4
of the automotive roof using PZT sensor/actuators.

schematic of the active vibration control
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Appendix 5. NI labview7.0 control block diagram for the
negative velocity feedback control.

Appendix 6. Identification of the piezoelectric sensor
signal for the negative velocity feedback .

Frequancy Responsa Function of the beam for using a PZT sensor and actuator
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Appendix 7. FRFs of the cantilever beam controlled by
using PZT sensor/actuators.
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