< Plates

assumptions

T,<T,T, (Plane stress)

- Kirchhoff plates
- Plane sections remain plane
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- ignore T,,T,,S,,S,

- Piezoelectric polarized in z direction

» Constitutive relations for single lamina

Plane stress property
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- rotations lead to fully coupled 4X4 material properties
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Plugging into constitutive relation
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% Plates (continued)
- 6 strain-displacement
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- Actual strain S=S,+ix

- 6 stress-strain

t/2

_ _ (o] (o]
N, = [ Tidz=A(S? +vS3)
constant thickness, A
isotropic where

N, =] T,dz=A(S; +vS})
1-v)

1—v?

Se

N, = [ T,dz=A

M, :j ZT,dz = D(K‘l +VI(‘2)

M, :I ZT,dz = D(K'2 +VI(‘1)

M, =[ zT,dz=D (1_2") K,

D=

Et’




Add piezo
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Mechanical strain-displacement

_ _ } —>  Mechanical Egn. of Motion
Mechanical stress-strain

Piezo constitutive reIationship>

Piezo are sensor — Actuator, Sensor

— > Hamilton’s Equation

- sense change
- use D; equations

- assume E; =0
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z,= Z midplane of k-th active layer




- Mechanical Equations of Motion
the “equilibrium” equations (F=ma)
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No in-plane stress

- Isotropic -
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Stress/bending coupling=0 -> B=0
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- Principle of Virtual Work
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» Substitute plate terms
- looking at actuator equation

Ex
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- Kirchhoff plate
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/-Internal energy

~— Mechanical forcing
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- Kinematics

strain displacement
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- Energy Principle
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Mechanical energy
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plugging in
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- Electric work
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- Electrical equation of motion
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- Everything so far

IA — Section equations




