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Optimization for Vibrational Response of Laminated Composites
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Dynamic characteristics as natural frequencies and modal damping ratios of laminated compos-
ite materials are influenced by the fiber orientations and the stacking sequence. Since the transfer

functions of laminated composite structures are det
to the relations between the fiber orientations (in
tions in order to minimize the vibrational respon
design method of laminated composite structures
ization program evaluates the frequency respons

ermined by these characteristics, we pay attention
cluding the stacking sequence) and transfer func-
se of structures. This paper presents an optimum
to minimize the vibrational response. The optim-
e functions as an objective function of the genetic

algorithm. With this evaluate function, the proposed method can minimize the vibrational response
against the various vibrational forces in any frequency domains. As numerical examples, the
proposed method is applied to the design of a rectangular plate and a cylindrical cantilever of CFRP.

Key Words - Vibration, Laminated Composites, Frequency Response Function, Genetic Algorith-
ms, Optimization, Eigenvalue Analysis, Strain Energy Method

1. #

BHERICE O MRS B R, BRIt & Ot &
Bl. THOOBRERED LMHRIATETS S
CEMSEOTENHTHAINTNS, E-HE
PRV R MIERANC B TIE, BT < R
ROV TORL VBRI RSN, BHREDY,
T RBBL 0o BRI 2 S L 740 - Hiia
RIVERLRD. BICFHEMTE, ZREHcLs
RERE DG TSI, FHEE ORI
REERARICRIES C 2 RADVLEL 125,

e, MEMESHEIROEFEEEL, &E08
MERFIAZBIT 52 L1 KD, HERRIE 2 25(L &
THILHTE, TNETICOREEFIA LS
B REL R D W THES TN T, 1)
BICRBRIEORELMBEICS LT, MESRES
FIERE L BA R KRBT 3 H% 0
< IBINTEE,

—%, WEWIIERY 3R 08 BRI,

* MR 2000411 5 16 A,

*‘Eéhzékﬁﬁﬁﬁﬁu@5usm7éﬁiﬁﬂlmm.

“Eé,kmkikiﬁiﬁﬁ%ﬂwwﬁﬂm1%mmmm
fr2-1).

B ZEAEAEE

E-mail: matumoto@ edu.mie~u.ac.jp

%hBﬁB#héﬁﬁK&@%k?%.btﬁot
Aﬁ%&&%ﬁtﬁmT#ﬁ%ﬂﬁ,%wﬁ@Tﬁﬁ
&k%<?%&5m%ﬁﬂﬁﬁﬁéé.?kbéﬁﬁ
ﬂﬁﬁﬁm?%ﬁ&&ﬁﬁ%@%ﬁb@ﬂELTM6
B8, EHRBEKCE— RESLEHEL, EHns
%ﬁﬁ?éﬁ%ﬁ%i%hé.bmbkﬁB,Hﬁw
BERIEE TER L - RERE FICET 5 SIS
CAEFTDNTORVONERTH 5. EES )ity
m%ﬁmﬁﬁﬁﬁﬁﬁﬁﬁﬁ&%—Pﬁﬁwwﬁfﬁ
ﬁ%:tﬁ%ﬁb,ﬁ%—ﬁtﬁﬁé:h%@ﬁ@%
w@%%ka%%ﬁmiﬁéﬁﬁbfﬁméﬁ,ﬁ
BANETERLEbOIIZEAE R,
%:T¢ﬂ%fﬁﬁ&ﬂﬁ@%&ﬁ%ﬁé%§bt
REREMEMEY O, EBSS2BMET 238 E
BERRTD. MFFHRELT, SRERLEAEE
L, DFBIXNFEHREANT, BGEHKE
E—Fﬁﬁwéﬁmb,ﬁﬁﬁm%%ﬁ%ﬁbé.%
Oﬁﬁﬁm%ﬁﬁwﬁkﬁéﬁ¢m,itm%@Tﬁ
@Eﬁ@%&k%ﬂé:&f,ﬁﬁm%%%mmTé
%@T@é.::f%@@ﬁﬁ@ﬁﬁ&%@k%%@
%ﬁ%&t&é&,ﬁwﬁﬁﬁzﬁﬁé%?tw,%
ﬁm%&tLT%&%ﬁ%K#mfﬁé(m(ﬁﬁ%
TINTUZXL) ZRAW.

NI -El ectronic Library Service..



The Japan Soci ety of Mechanical Engineers

2108 ‘ BEAAHMBORSEERERENL
. 1 AU,
9. WBFFE g, = E_U__ .......................... (5)

9.1 BREABHMEOETNMME HHERES
MEHIAH B ABTRENME S, T OENE A RE
HOE— RRERICAZRYBERIET D, WES
Fﬂ@ﬁhlﬁﬁ%ﬁ?%%?)lxmﬁ‘%%gﬁi‘%é. FITAE
Eﬁ%f&i~>ﬂ(’d‘hlﬂ9’r%ﬁﬁ$%ﬁ?&§lbfczﬁﬂfé:/l)v
mEEHNT, BERLESTHERERDOETIVEE
To5.

mREERICBT DB )V O—RIEERTO
i — O3 BBk

Ep
[GB} ............... (1)
Es

o8 D, D. 0
opt =
Os
, BE—AY

D,D; 0
0 0 D
LRB. 0y 05 O5ETNENAE

N BRABRANY MVEEL, &, & EET
NENPREOTH, HE, TAMOTHERY MVE
%4, £72, D,. Dy, Dy, DJETNENEAN, |
N, B, Ty TU S TREET BN — 0T HH
BRI ATHS.

BEEEOETIEIC, Adams 5DRETHOT
AT EERY 2@ALT, REREET NV EER
3 5. |

EHEEERICBISEE D VOREREY NI
vk

v.v. 0
y.v, 0
0 0y,
LB, W,, W,, W, P RTNTNEN, A,
TR, By T FICHIET REERT U AT
H5.

ThEn, BrkE-RCBWT 1 AMickbND
RETXIVF AU, IRRRTERINS.

/-

1
AU, = _2_ SssrT'psr AS s vvrerere e (3)

7, 2O EEDBAOTHIFNFU, EAROK P
12785,

Ur__:% SserTDEr dS cvevrmrrrsraes (4)

rrTSHEEOER, DRR 1) OEA-UTH
BB R RABRL, e,bi%rlk%wl*‘@ﬁ%‘/kﬁ;
VDTFBRT MNVTHD.

LA T, ErkOE—RERLE, &, BAROT
BLIVEU, , WHOTHIFNF AU, LD RXTE
HEIND.

9.9 HEBHERICLIEIFEOEL 2Tk
et nn 128 SAPEHEE Y O IREIBEICB W T, MMk
AN EEENRE T NRELICEOR SR EE
5z 5hEHLMIL, BERFOLEREEZS.

w03 o N E CINRER 2 R W MREE A ER
Wk & WM HEN T A RAEFEERREL, T
OEDREERRL TR Thed SITEERE
LT, % 110R5—75 GFRP B IR 2B D &7,
GHERT AT L A EAEERE T NERBELOZ(LE
RD B, T TT, HHEWEORAKBERK G [dE
RNEHEEREL, KREAWTEHLE.

E ,
Grv = 2(1+T1/TV)
ﬁﬁ%mawm5mwmﬁ%mfuﬁﬂ%#m%é
Em&bt.ﬁg%#M4E7>ﬁw754ﬂ%%E
#Wi/-01s &L, BEEET, RKE0.6mm TH2.
GHERIT 0 % 5 A BTO DS 45° T TR T
a0, BEENNE T REELEZRDE. TORR
2 1I1TRT.

BAT— K (2,2) R TS, MMErfbe DR E
B RVWELESRIILAET S, - REEL
BECETTsEWIEENEONS. EMOBER
F—RizBVWTHEARESK, T FERELIERT
BEERLTVWDIENIHD. UEDT LMD,
E%KE%%%&&%~F@§%$&%K%<E%E
BRREROTSZERRBETHY, 5HOREHN
HEBILFENLETH D ZEBDOD 5.

Table 1 Elastic and damping parameters of GFRP

Tensile moduli EL 34.53
Er [GPa] 12.08
Shearing moduli Gir =GnL 3.87
Grv [GPal 4.65
Poisson’s ratios VLT 0.3
VIV 0.3
VL 0.105
Density p [kg/m°] | 1813.9
Damping capacities YL 0.0101
Yr 0.0565
Yir =¥rv =Y 0.0665
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Fig. 1 Dynamic characteristics of GFRP angle-ply
square plate “
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Table 2 Elastic and damping parameters of CFRP

Tensile moduli Ey 200
Er  '[GP4] 10.0
Shearing moduli Gir =Gy, 5.00
Gry  [GPa] 3.85
Poissorl’s ratios viT =VIV 0.3
VL 0.015
Density p [kg /m®] 1555.0
Damping capacities YL 0.0045
Yr 0.0400
Yir =YvL 0.0650
Y1v 0.0750

Table 3 GA parameters for optimization of CFRP plate

Generation size 200
Population size 100
Crossover rate 0.5
Mutation rate 0.03
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Table 4 Optimized stacking sequence of CFRP plate

@ Minimize the max value of the compliance
0—160 Hz [25/30/30/30/30/15/15/10] ¢
40—80 Hz | [40/35/-55/35/-60/-55/-35/501¢

(® Minimize the area under the compliance
0—160 Hz [35/35/35/30/-35/-35/30/-3515

40—80 Hz [45/-60/50/50/-55/40/75/0]4
0 :
——: Proposed method
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Fig.3 Optimized compliance to minimize the
max value of CFRP plate (0-160 [Hz])
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Fig.4 Optimized compliance to minimize the
under area of CFRP plate (0-160 [Hz])
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Fig.5 Optimized compliance of CFRP plate
(40 - 80 [Hz])
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Fig.6 Finite element model of CFRP cylindrical
cantilever

Table 5 Optimized stacking sequence of CFRP cantilever

@ Minimize the max value of the compliance
0—500 Hz [65/-35/60/50] ¢
200—400 Hz [-55/50/50/50]g

@ Minimize the area under the compliance
0—500Hz [65/50/50/-30]¢
200—400 Hz [-50/50/55/55]

Fig. 7 Natural mode shape of cross section of
CFRP cantilever

-120

—

(=13

[=
T

Compliance , dB
& :
S
S

- —: (D Minimize the max value
--------- : @ Minimize the under area
0 100 200 300 400 500
Frequency , Hz
Fig. 8 Optimized frequency response function
of CFRP cantilever (0-500 [Hz])
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Fig. 9 Optimized frequency response function
of CFRP cantilever (200 - 400 [Hz])
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