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Development of micro-sized smart composite driving under large bandwidth
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Due to recent sophistication and downsizing of the mechanical systems and electric
appliances, a technology to improve speed and accuracy of micro-sized devices is required. To archive thi
s, it is important to develop an effective vibration suppression approach for micro devices. The present r
esearch proposes a multidisciplinary optimization method to maximize the vibration control performance, an
effective numerical vibration model with a new lamination theory, and an experimental measurement techniq
ue to evaluate precise vibration characteristics for micro-sized smart composites with carbon fiber reinfo
rced composite and piezoelectric materials.



(CFRP)

(HDD)

mm)

@

@

@

HDD

10kHz )

CFRP

(10

(Zigzag )

(NSGA2 ; Non

-dominated Sorting Genetic Algorithm 2)

(A) HDD head driver

Clamped area

PZT actuator

Laser input
point

LDV reflecter

(B) Smart micro-composite

(HDD )
Database
[Step 1] Frequencies and modal matrixes
r »{for all possible lay-up configurations
|
| Referring +
i | NSGAIl process
| v Design variables
| b i Weight Actuator
| LRI coefficient placements
[Step2] § | N Ne Nac
I I | T
|
I—>| Maximizing Q (1) I I Minimizing H,1(1¢, Nc,NAc)
Objective functions
v
[Step 3] Reconstract the output feedback
based on LMI approach
(FEM)



Momentum
I Plume (Am)

ﬂ Molecules

Atoms
== o
Metaltp | ™ 1
Impulse
Spectrum »| Filter
analyzer I (low-pass)
....... FET | |ov '
Control
v System
+ PZT actuator
.
; v
PZT driver
YAG Laser

(LDV)

(2) Zigzag

Zigzag

Micro smart composite

(FSDT

First-order Shear Deformation Theory) Zigzag

Euler
(CPT Classical Plate Theory) FSDT

Zigzag

FSDT

hi2

hi2

2800

2700 00

2600

2500 o ®

Natural frequency[Hz]

2400

2300} @

2200

Hoo = HZI)

(M

HDD

(Hzl



[0°/0°/0°]s
(
) 15°
[-15°/-15°/-15°]s
[-15°/-15°/-15°]s
( ) 15°
[-15°/-15°/-15°]s
[-15°/-15°/-15°]s
«C )
«C )
-40 T
-60 }\
g /O
:%-100
=
-120
—without control
—with control
140 25b0 5000 7500 10000 12500 15000

Frequency [Hz]

Magnitude [dB]

| i i | | | |
2000 4000 6000 8000 10000 12000 14000
Frequency [Hz)

(2) Zigzag
Zigzag
( )
Zigzag
Ritz
( )
(CPT, FSDT)
Zigzag
Zigzag
FEM
( )
FRBHRR O RE ML B

700 - — ' .

600[ e ]
_ By
N
Z 500| |-®-Exp. “'\’
§ ~=-Zigzag| '-\
S400 | CPT N\
8 ~—FSDT \
i *,

300} 1

200 ‘ |

Steel/Visco Al/Visco CFRP/Viscc
Plate Plate Plate
Zigzag

(CPT, FSDT)



3

Shinya HONDA, Takahito KUMAGAI,
Kazuya TOMIHASHI and Yoshihiro
NARITA, Frequency maximization of
laminated sandwich plates under general
boundary conditions using layerwise
optimization method with refined zigzag
theory, Journal of Sound and Vibration, Vol.
332, No. 24, 2013, pp .6451 - 6462. DOI:
10.1016/j.jsv.2013.07.010. ( )

Shinya HONDA, Teruki IGARASHI,
Yoshihiro  NARITA,  “Multi-objective
optimization of curvilinear fiber shapes for
laminated composite plates by using
NSGA-II”, Composite Part B: Engineering,
Vol. 45, 2013, 1071 - 1078. DOI: 10.1016 /

j-compositesb.2012.07.056. ( )
c ) 78
789  (2012) pp. 1586-1595. ( )
15
Zigzag

Dynamics & Design Conference 2013,
2013.8.26-30, ,
CD-ROM (No. 107, 8.26).

Shinya HONDA, Optimum Design and
Experimental ~ Evaluation for  Smart
Micro-composites by  Using  Laser
Excitation Technique, The 9th International
Symposium on Vibrations of Continuous
Systems (ISVCS9), Courmayeur, Italy,
21-26 July 2013, pp.28-30.

>

Design Informatics (DI)
Lecture Series 4,
,2013.6.7.

Kazuki WATANABE, Maximization of
Vibration Control Performance for Micro
Smart Composites with the Laser Excitation
Technique, The 15th Asia Pacific Vibration
Conference 2 — 6 June 2013, ICC JEJU, Jeju
Island, Korea, M1 303B 1, USB.

Shinya Honda, Multi-objective optimization
of curvilinear fiber shapes for laminated
composite plates, UK-Japan Workshop on

Composites, University of Bristol, 25
March, 2013.

10
OPTIS2012 2012 12.6-7
No.12-37
CD-ROM 1106

Teruki IGARASHI, Multi - objective
Optimization of Fibrous Composites with
Curvilinear  Fibers  for  Mechanical
Properties and Fiber Geometries, The 8th
Asian-Australasian Conference on
Composite Materials (ACCM-8) 6 — 8
November 2012, KLCC, Kuala Lumpur,
Malaysia.

Kazuya TOMIHASHI, Experimental Modal
Analysis of Passive Constrained Layer
Damping Plate Using CFRP Material, The
8th  Asian-Australasian Conference on
Composite Materials (ACCM-8) 6 — 8
November 2012, KLCC, Kuala Lumpur,
Malaysia.

Kou KOSAKA, Multidisciplinary Design
Optimization of Smart Composite Shell for
Vibration Suppression, The 8th Asian
-Australasian Conference on Composite
Materials (ACCM-8) 6 — 8 November 2012,
KLCC, Kuala Lumpur, Malaysia.

Yuta ISHIBASHI, Static and Vibration
Optimization of Composite Structures with
3-D Local Anisotropy, The 8th Asian
-Australasian Conference on Composite
Materials (ACCM-8) 6 — 8 November 2012,
KLCC, Kuala Lumpur, Malaysia.

Shinya HONDA, Vibration Characteristics
of Bi-stable Asymmetrically Laminated
Composite ~ Shell, The 8th  Asian
-Australasian Conference on Composite
Materials (ACCM-8) 6 — 8 November 2012,
KLCC, Kuala Lumpur, Malaysia.

Shinya HONDA, Multidisciplinary Design
Optimization for Smart Micro-Composite
and Experimental Validation by Using Laser
Excitation Technique, The 11th Motion &
Vibration Conference (MOVIC), Oct.
17-19, 2012, Hilton Fort Lauderdale Marina,
Ft. Lauderdale, FL, USA.

Yoshihiro NARITA, Vibration Optimization
of Laminated Composite Rectangular Plates
with General Elastic Edge Restraints, The



US-Japan  conference of Composite
Materals ASTM-D30 Meeting, Oct 1-3,
2012, Arlington, TX, US.

Dynamics & Design Conference 2012
(D&D2012) 2012.9.18-21,
No. 12-12, USB
440

Yoshihiro NARITA, Vibration analysis of
laminated VGCF / aluminum circular plates
with  experimental  verification, The
International Conference on Mechanics of
Nano, Micro and Macro Composite

Structures, June 18-20, 2012, Politecnico di
Torino, Italy.

http://labs.eng.hokudai.ac.jp/labo/intelligent _desi
gn/

M
HONDA, Shinya
90548190
2
(NARITA, Yoshihiro)
00137407
(KAJIWARA, Itsuro)

60224416



