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Vibration, Buckling and Dynamic Stability of a
Laminated Cantilever Rectangular Plate

by

Kazuo TAKAHASHI* Masaki SETO**, Eiji SATO***
and Hisaaki FURUTANTI***

Vibration, buckling and dynamic stability of a cantilever laminated rectangular plate are reported

for various fiver orientations of laminates, configration of a laminate and influence of coupling in this

papar. This problem is solved by using the Hamilton method to drive time variables. The trial

functions are assumed by beam functions which satisfy the geometric boundary conditions.

At first, vibration and buckling properties are shown for three type of materials, fiber orientations

and influence of coupling. Then, dynamic unstable regions are obtained.
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Fig. 1 Geometry of a laminated cantilever plate.
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Table 1 Constants of material

Material E(GPa) | E;(GPa) (G(GPa)| w.

(1)EGLASS/EP  (E,/E,=0.41) | 60.7 | 24.8 | 11.99 | 0.23

(2) BORON/EP  (E,/E,=0.09) | 209 19 6.4 0.21

(3) GRAPHITE/EP(E,/E,=0.06) | 138 8.96| 7.1 0.30

Table 2 Bending rigidty of laminated composite plate: L=3

Bending Material 0=0 | 6=15"| 6=30"| 6=45 | =60"| 6=75"| =90'
(1) EGLASS/EP 1.0000 | 0.9324 | 0.7682 | 0.5924 | 0.4725 | 0.4202 | 0.4086
D,* |{2) BORON/EP 1.0000 | 0.8809 | 0.5982 | 0.3128 | 0.1437 | 0.0936 | 0.0909
(3) GRAPHITE/EP | 1.0000 | 0.8860 | 0.6122 | 0.3271 | 0.1447 | 0.0762 | 0.0649
(1) EGLASS/EP 0.4086 | 0.4202 | 0.4725 | 0.5924 | 0.7682 | 0.9324 | 1.0000
D,* | (2) BORON/EP 0.0909 | 0.0936 | 0.1437 | 0.3128 | 0.5982 | 0.8809 | 1.0000
(3) GRAPHITE/EP | 0.0649 | 0.0762 | 0.1447 | 0.3271 | 0.6122 | 0.8860 | 1.0000
(1) EGLASS/EP 0.0940 |{ 0.1219 | 0.1779 | 0.2059 | 0.1779 | 0.1219 | 0.0940
Ds* | (2) BORON/EP 0.0191 (0.0722 {0.1936 | 0.2518 | 0.1936 | 0.0773 | 0.0191
(3) GRAPHITE/EP | 0.0195 | 0.0708 1 0.1734 | 0.2248 | 0.1735 | 0.0708 | 0.0145
(1) EGLASS/EP 0.0000 [ 0.1133 | 0.1634 | 0.1369 | 0.0737 | 0.0236 | 0.0000
D,* |(2) BORON/EP 0.0000 | 0.1985 | 0.2755 | 0.2104 | 0.0890 | 0.0119 | 0.0000
(3) GRAPHITE/EP | 0.0000 | 0.1906 | 0.2698 | 0.2165 | 0.1051 | 0.0259 | 0.0000
(1) EGLASS/EP 0.0000 | 0.0236 | 0.0737 | 0.1369 | 0.1634 | 0.1133 | 0.0000
Ds* | (2) BORON/EP 0.0000  0.0119 { 0.0890 | 0.2104 | 0.2755 { 0.1985 | 0.0000
(3) GRAPHITE/EP | 0.0000 | 0.0259 | 0.1051 | 0.2165 | 0.2698 | 0.1906 | 0.0000
(1) EGLASS/EP 0.1933(0.2212 ( 0.2772 { 0.3052 | 0.2772 | 0.2212 | 0.1933
D¢* | (2) BORON/EP 0.0305 | 0.0887 | 0.2050 | 0.2632 | 0.2050 | 0.0887 | 0.0305
(3)GRAPHITE/EP | 0.0511 | 0.1025 | 0.2052 | 0.2565 | 0.2052 | 0.1025 | 0.0511
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Appendix A HF#EHbHIE 0 BLUEHREERIEY OFEE
R
hm(€) =cosAmaé —coshAnaé
+ am(sinAnag —sinhAnag)
hi(y)=1 ba(7)=v3(1—27)
ha(7) =coshuby +cosumby
(n=3)

_ coshumb—cosab
" sinhpmb—singmb

— Bn(sinhpnb7 +sinuaby)

_ sinAma—sinhina
C0SAma+ cosAma

Appendix B

Ds*
52

+ Izomr Iazns} + DZ* Ioomr Izzns + 2

*
Emrns=%r Izzmr Ioons+

{Iozmr Izons

Dy*
BB

{Iwmr Iwns + IzlmrIOIns} + Z'DTi*{Iwmr Ilzns

De*
/92

+ Immr IZlns} +4

Illmr I”ns

4

b
4_ 2
A*=phw Dy

_L 11 ‘ 00 _— Lz
Gurns= BZI mr L ns, /lcr—NxDlo

(m, n, 1,8=1, 2, -, N)

Fuaens= Ioomr Ioons,

ZZiz, E=x/a, n=y/b, f=a/b (ML), Di*=
Du/D, D:*=Duw/Di°, Ds*=Di/D’, Di*=Dis/D\,
Ds*=D26/D:’% De*=Des/D:" (D1° 1 T RTDBDGH30
=0 OB ORI

e, 1%, -+ 2 hi, by, o, BB L UV Z DBWBD SR BE
v

Pu= [ habedé, Pme= [ habudé,
Poe= [ habardg, [me= [ hinhidé,
U= [ uhiedg, P [ hushadé,
o= [ hunbedé, Pae= [ hanhicds,

Izzmr='/o.lh2mh2rd5
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I°°nsk= j]‘ »IHandv, "= '£ Lﬁnﬁlsdn,
1%5s= '/0’ IHnEst?], M= /D' lﬁm—ﬁsdn,
Moo= [uabidy, %= [ Bialid,
= [ sy, o= [ Banbisds,

i
Izzns:‘/; hanhasd? .

him(€)=Ama{ —sinAnaé —sinhAnaé
+ am(cosAna& —coshAna&)}
hem(&)={(Ana)*{— cosiAma& — coshAmaé
+ o —sinAna& —sinhAnaé)}
hu(7)=0 hi(7)=—2/3
hun(7)= pab{sinh by +sinuby
— Bn(coshpmb?n +cospmbn)} (nz3)

ha(7)=0 hz(n)=0
hoa(7)=(ab)*{coshymby +cospmby
— Bofsinhpmby —sinub7)} (n=3)

239



