Linear Piezoelectric

<+ Linear Piezoelectric

(M + M) +|(Ks +K.5)r—av| =B, 1?+QB +Q,
(0" )r+(c,+c)V =By

T—vec:tor of applied charges
M, = | . v p, (X, dV

Vs Vp

Ke,=[ - NTc, BN, dv

>P Vs Ve

C.,= _[V y N,'&,,°N, dV piezoelectric capacitance matrix
s Vp

o = | N."e N, dV electromechanical coupling matrix
VA

l//rlT (Xfl) l//rlT (Xfﬁ)_
B, =| : : n:mechanical DOF

_l//rnT (Xfl) Tt l//rnT (Xff)_




Linear Piezoelectric

_Wvl(qu) Wvl(qu) |
B, = : : m : electrical DOF
_l//Vm (qu) l//Vm (qu)_

Qs = [ W " ()F(x) ds
Q =|, v, (0FE(x) dv

a1 G

/ L, capacitance Q =CV




Linear Piezoelectric

Piezo: poled in x-direction

Kinematic assumptions applied axial force
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Introduce constitutive relationship
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« Classical plate
SWM =PRU, (e,.,) + ] p,oU(X)dx

SW,F =Q,3p(e,.,) + | a(x)opdx
stuff-in the variational principle
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Decisions:
1) Go continuous
g U g do
dx dx

Ez _[j{[ |6U +[ |5p}dxdt + B.C's terms

i) Discrete Representation
Rayleigh - Ritz
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can assume more complex distribution if you want better accuracy
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- for arbitrary variations in U, 6V,

K 0
5U0:?€U + U +ZV = px—+P Actuator
M
oV,: - %UO +%V0 = qX£+Q0 : Sensor
vo- M
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£
C, = "

Simplifying case
Free response to applied voltage, V, at end electrode — quantitative
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