2 N
A R v 5/-’;')/)4 (:’/”c_.r-:/r” o



6-1-4 Vibratjon Y /
. — (2 = .
FAP rJJL-')Cf’db('_’)"J ‘C—\\*'Lu)c}’.('crf.f
//.. . .
gk e L

-

wo(z,t) = W(x)e™t, i=+v—-1 lg 2_28)

p : . -
DT e /j/_('{ﬂ—*t“

§ W . d*W - . d*W
Eyplyy—— = bNaw— 5 = W [oW — W’ (£.2-)
. - . S
: C—’Cs:’)’/(.’ JS b s
W W
Pt gz ~TW =0 (6230
szfmey, q=w?ly —bNyy, r=uw?ly (G.Z,2|)

syl s (6230 Ll lp (ot e

c

) e G (62328

2 -
, . . ()
W(z) = c1 sin Az + ¢3 cos Az + ¢3 sinh px + ¢4 cosh px & Shais
)= : ssinh iz + ¢ cosh 72 (62300




P o S 1L PN L S A

(2p/\2—q)2:q2+4p7‘ or pA* =g\ —r=0 (5.2,330\)
(2pu2+q> —q + 4pr or pu +qu —7r =0 (C L- 332’)
,(JJ) W (_/JUJ/\C}’) (6 2—3U/J\ﬂ- U)JJ/ ('

ES, T 1+ P bN.z 12 6

2 _ 4 xxtyy _ 2 ‘2_,3‘10\\

#ot () () mle s mo ‘

2 _ 4 Eralyy (1—P2) . bNyo . _ Iy 53y

vooH ( I 1-Ry) T B2 2T (6-2-34b)

- /. - = .
D) W C;“\’J(/’J'JU“J’ 055 Als o™
s
_ 1Bty (1~ [\ )_pE Jyy<1+ Top? ) (6-2-35)

Iy Iy + I\ Iy Io — Lp?

N S /. . L 3
d:&od kJ' I, U d @j;, e O sl= o= )



-~ /

6 )//_J
2

C;—J.)
i¢es
/e | I
'j
P
/"
O ), 5>
KJJ""’/’ &5
)
) =
(e

(g- 2
yy
/ T

Io
apg = \/

= )\2(1,(],

w =



a5 0 0 O

cg=c3=c4=0

?w 2w —
W(0) =0, W(a)=0, —5(0)=0, Z75(a)=0 D 1 A0 — 0, which fmplies A= "™
a

9 -
QG-Z-ZQ) .f.) wn=(n7r> ag 11+ nﬂbé\fm 1
(B2)2EL 1y 1+(:za7_r)272
0

. a (M)2ngl
C(II)J(_;‘/;/, vy /

l /
)-”)U‘CJ"“ ”ch" 4:-‘('_/"(//;5’0;/# Ay cgon)
/ . / ‘ , o ’ . -
5 Sl et (SN 20 bl oL 5

) /,
S B LR
2

wWp ~ ﬂ A{z:c d l)/



Table 4.2.3: Values of the constants and eigenvalues for natural vibration of
laminated composite beams with various boundary conditions (A% =

walo/Egelyy = (en/a)*).

rotary inertia is used.

The classical laminate theory without

End conditions at
z=0andz=a

Constantst

Characteristic equation
and values of e, = A\na

¢ Hinged-Hinged

I

o Fixed-Fixed
L
¥
o Fixed-Free
I
e Free-Free

| mom———————— |

¢ Hinged-Fixed

M

e Hinged-Free

P

c1;ﬁ0, 62203204-——‘0
¢ = —c3 = 1/(sine, —sinhe,)
—cg =c¢4 = 1/(cose, — coshey)

¢; = —c3 = 1/(siney +sinhey)
—cg = c4 = 1/(cosen + coshey)

¢; =c3 =1/(sine, —sinhe,)
cg =c4 = —1/(cose, — coshey)

¢y =1/sinen, cg =1/sinhe,
Cy = C4 =0

¢y =1/sinen, c3 = —1/sinhe,
Cy = C4 =0

sine, =0
e, = nmw

cosencoshe, —1=0
e, =4.730,7.853,---

cosencoshe, +1 =0
en = 1.875,4.694, - --

cosepcoshe, —1=0
e, =4.730,7.853, - -

tane, = tanhe,
e, = 3.927,7.069, - - -

tane, = tanhe,
e, = 3.927,7.069, - --

t See Eq. (4.2.46a): W (z) = ¢ sin Az + ¢5 cos Az + c3 sinh ux + ¢4 cosh px.



Table 4.2.4: Maximum transverse deflections, critical buckling loads, and
fundamental frequencies of laminated beams according to the

-
classical beam theory (E1/Ey = 25, G2 = G13 = 0.5E;, Go3 = O//' C)’)/—cd(-”

0.2E2, Vig = 025)

Hinged-Hinged Clamped-Clamped Clamped-Free -
Laminate ) N @ D N @ w N @
0 1.000 20.562 14.246 0.250 82.247 32.292  16.000 5.140 5.074
0.625 14.245  0.125 32.291 6.000 5.074
14.187 32.129 5.071
90 25.000 0.822 2.849 6.250 3.290  6.458 400.00 0.205 1.015
15.625 3.125 150.00
(0/90) 1.134 18.127 13.375 0.283 72.507 30.320 18.149 4.532  4.764
0.709 0.142 6.806
(90/0), 6.239  3.296 5.703 1.560 13.183 12.929  99.821 0.824  2.032
3.899 0.780 37.433
(45/ —45) 14.308 1437 3.766  3.577 5748 8537 228.93 0.359 1.341
8.942 1.788 85.847
Laminate A 1.607 12.790 11.236 0.402 51.162 25.469  25.721 3.197  4.002
1.005 0.201 9.645
Laminate B 2.801 7.341 8512 0.700 29.366 19.296  44.813 1.835  3.032
1.751 0.350 16.805
Laminate C' 7.945  2.588  5.054 1.986 10.351 11.456 127.13 0.647  1.800
4.966 0.993 47.673

Laminate A = (0/+45/90)s, Laminate B = (45/0/-45/90),, Laminate C = (90/+45/0),.
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