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Plates

❖ Plates

assumptions

- Kirchhoff plates

→ Plane sections remain plane

to midline

→ ignore

- Piezoelectric polarized in z direction

➢ Constitutive relations for single lamina

Plane stress property
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Plates

- rotations lead to fully coupled 4Х4 material properties

2 strain-displacement for plate
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Plates

Plugging into constitutive relation
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Plates

Plugging in material properties
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Plates

❖ Plates (continued)

- 6 strain-displacement

- Actual strain

- 6 stress-strain
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Plates

- Add piezo

- Mechanical strain-displacement

Mechanical stress-strain

Piezo constitutive relationship
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- Piezo are sensor

- sense change

- use D3 equations

- assume E3 = 0
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Mechanical Eqn. of Motion

Hamilton’s Equation

Actuator, Sensor
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Plates

- Mechanical Equations of Motion

the “equilibrium” equations (F=ma)
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Plates

- No in-plane stress

- Stress/bending coupling = 0   → B=0

- Isotropic        - Quasi-static

- B.C. options
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Plates

- Principle of Virtual Work

Coefficient of         and        → 0

actuator

sensor

Integrating by parts
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➢ Substitute plate terms

- looking at actuator equation

(1b)
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- Kinematics

strain displacement
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Also

- Energy Principle

- Kinetic Energy
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- Mechanical energy

- Stress-strain
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plugging in

- Work

- Derivation of Equilibrium equation
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- Electrical terms
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- Electric work

- Electrical equation of motion

- Everything so far
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