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APPENDIX A

The reduced rigidity quantities are asfollows:

Ku = 221 Kz = Avs - ﬂ;ﬁ‘iﬁ =Ka, Kis = 2Kiz % ,
Kia = B - A&;ER = Ka Koz = A - Ezj, Kas = 2K22%,
Kzs = Bas - A-‘ngllz—K@, K43:2K24%, KM:DZZ-%,
Ksy = Bs - Blgﬁ”, Ksz = Bes - %, Kss :2K52%,
Kes = Do - 22588

1

where A;, B; and D; denoteloca stretching, stretching-bending coupling and bending
rigidity quantities, respectively.

Theinertiaterms are
Il—du0 )mds |2—dVo xf)mods
s :dwo + X0y + YOx - wa"')mgds,
ly = Q‘:_;(x2 +y2)f - yib +X\70] Mo ds,
Is =dxw0 +x2dy+ Xy('q'X - xFW(s)f"]m)ds
Gy’ dxdy -

O@dsef v dsdsd - a(s)f mZdS

I7 = @Yo + Y20l + xyal - yFw(S)f'"] me ds

NEE 1)) dx d
Qﬁﬁsg U G dg qy - a(s)f Hmz ds,

lg = d- Fw(S)\No - XFW(S)dy - yFW(S)dX + FWZf..] m ds
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\’dX . d . ..l\
+ OZd_s a(s)qx - a(s)d—BS/qy +a2(s)f Emz ds

where
8 5
(Mo, mp) = ElQ(k-l)r (k)(fL n )dn
denote the mass terms.
Therigidity terms are symmetric, a; = a;i(i,j =1,7) and have the expressions
. u d 'Y
an = Qj<11d3, a2 = Qi%(Kn + Ku d—}slgdS,
_ \61§, dxg _ N, OX
a3 = Pp Ki1 - Ku aggdS, g = @(12FS ds,
., ay 5
s = P ds ds, Qs = - d KuFw(s) - Kia a(S)] ds,
a7 = Q\j‘<13 ds,

< dy dy g
ax = QaRlle + 2X Kua %—Z +Ku a%a%gd&

s = ‘a?<11xy - XK dx +YyKu dy - Ku d dyédS,
& ds ds 'ds dsg

< d .. . d d ..
Ay = Q§(K12 %)-é + K %)-éa%gd& s = Qﬁ( Ki alsl + K %yga)-;gds

s = - €§(K11FW + xKya+ FWK14% + KMang/gdS,

\ dy e d dx dxo
Ay A < d d d .
2 = §5K G Kor g gogds: s = €K g8 - Kor g g

dgs = - @%KMFW +yKua- FuKi % - Ky a%)égds,

_ A dxg s dx dx dy dyg
aa7 —fg:S‘IKls- K“d_SﬂdS’ aus —@6‘?(22F3d—s +A44d—sd—sgds

102



s dx dy x dyg
B a?<22 dsds” A““ ds dsefoI

dx dx g ., dx
us = - Q?Fw KZld_S + Ko aﬁsgds’ u7 ZQ)KstSdS,

_ & dydy dx dxg _ A 0
ass —Qakzzagag"'pmagaggd& ase —-Q%wKzlag"'Kmaag ds,

dsy =@<23%d8, Ass szlva%+2Kl4Fwa+K44&2)dS,

dg7 = dKlst + Kas a)ds ar7 —02— K3 ds.
The reduced mass terms are as follows:

(br, ba, bs, bio) = @ymo(L, y2, X2, F2)ds,

(b, b, ) = e RO o at g
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APPENDIX B

STRUCTURE MODEL DATA

Table B.1 - Properties of Graphite/Epoxy

properties Graphite/Epoxy

E. (ps) 30e6

Er (psi) 0.75e6
Gur (psi) 0.37e6
Grr (psi) 0.45e6
Mt 0.25

mr 0.25

r (Ib sec?/in*) 14.3e-5

Table B.2 - Properties of Transverse | sotropy Material

properties Transverse | sotropy
E. (ps) 30e6
Er (psi) 75e5
Grr (psi) 6e5
Mt 0.25
mr 0.25
r (Ib sec?/in*) 14.3e-5
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where subscripts L and T denote directions parallel and transverse to the fibers respectiv-



APPENDIX C

PIEZOELECTRIC MATERIAL PROPERTIES

Table C - Physical Properties of PZT-4

Thickness(in)

ta 0.00787
Elastic Coefficients(psi)

Cu 2.016e7

Ce 1.128e7

C13 1.077¢e7

Css 1.668e7

Cu 3.713e6
Piezodectric Co.(Ib/in V)

€31 -0.0297

€33 0.0862

€15 0.0725
Poisson Ratio

n 0.31
Density(Ib sec?/in*)

r 7.0135e-4
Electrical Permittivity(Farad/in)

X5 3.048e-10
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APPENDIX D

The first six normalized eigenmodes of an unactivated cantilevered thin-walled beam in
transversal motion. The characteristics of the beam are provided in Fig. 4.1.

l'o_"'l"'l"'l"'l"'
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Fig. D1 First mode: 0.9088h?2 - 0.4159h3 - 0.0010256h* + 0.00038h% + 0.0309h® - 0.00568h *
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Fig. D2 Second mode: 0.3163h2- 0.50203h3 +0.00412h* - 0.06199h5 +0.5967h ¢ - 0.5169h”
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Fig. D3 Third mode: 0.02067h2- 0.05397h3+0.0104h4 - 0.08375h% + 0.4966h6 - 0.7341h7
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