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Electro-mechanical coupling factor (static)

2= Mechanically stored energy  Electro-mechanical coupling factor as
Electrically stored energy the material constant.
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Typical piezoelectric transducers

Thickness mode with longitudinal effect
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Bending mode with a mono-morph

Shear mode




Electrical equivalent circuit (1)

Analogy between the mechanical and electrical systems

1) Mass=Inductor Force->\oltage, Velocity->Current
|1
TV

2)Spring=Capacitor
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3)Damper=Resistor
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Electrical equivalent circuit (2)

Harmonic oscillator with a mass and a spring
——> LCR resonance
m
lv

lul_?cm |::> fT® —
m OtV
!

Mechanical Electrical

Variable common among the circuit components?
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Electrical equivalent circuit (3)
Transducer=distributed circuit ——> Lumped circuit

Determine m so that the kinetic energies in the
actual transducer and the equivalent circuit be
the same.
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Kinetic energy by the longitudinal vibration in

m the plate
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Kinetic energy in the lamped model
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Electrical equivalent circuit (4)
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Alternatively, it can be found from the resonance
frequency and the mass.
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Electrical characteristics
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LR &R Resonance and anti-resonance
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HREDETE -B|IFE Calculation of force factor

M EET OIS A F1{&%xforce factor A=i/v
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From the ratio of the current to the vibration velocity
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Form the frequency shift when a small additional mass is attached.
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Electro-mechanical coupling factor as a transducer
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Larger separation between the resonance frequencies, higher

coupling factor



ARIRENEEDHEET Maximum vibration velocity
RS AICESHE - EBESIvIRORHRE T,,,=40 MPaigf

Fatigue limit of the piezoelectric ceramics
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Question:

Find the maximum velocity of PZT  |p=7900kg/ m®, E =66 GPa

ceramics, where the effect of Viax M/ S0-p
temperature is ignored
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