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Piezoelectric materials (PZTs) have properties
that make them attractive as sensors

Advantages
Non-intrusive

Potential for
self-diagnostic
capabilities

High sensitivity to
strain
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Challenges

PZT iIs brittle

High electric fields are
required (0.5-2 MV/m)

Only low strains are
obtainable

piezo.com

piezo.com



This talk will cover modifications made to the
bridge circuit to increase control stability

Analytical Modeling

I N
o O@\)O olololo)
|

O('%\)O O 0O00O0o

>
Il
I
o O O|§ olololo)

_Q\JO O OO0O000o

1 0 0 O
O 1 0 O
O 0 1 O
O 0 0 1

24 0 0 O
0 2wy 0 O
0 0 -2@3 0
0 0 0 -Za|

Analytical Simulation

A

o Los Alamos
Crynarnic Surmmer School

Experimental Verification
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The piezo-beam, self-sensing bridge, and feedback
control were modeled analytically
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The piezo-beam, self-sensing bridge, and feedback
control were modeled analytically

Bridge was modeled with piezoelectric
- constitutive and dynamic beam equations
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Circuit/PPF transfer functions were
calculated using impedance
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The piezo-beam, self-sensing bridge, and feedback
control were modeled analytically

Bridge was modeled with piezoelectric
- constitutive and dynamic beam equations
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A simulation was developed to identify how C, and
C,, related to stability
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A simulation was developed to identify how C, and
C,, related to stability
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A simulation was developed to identify how C, and
C,, related to stability
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Our concept for improving the stability of the
system was based on minimizing percent mismatch

Cm =100 nF

| |
No added capacitor case: H

5% mismatch Cp =100 nF

Cd=5%nF

Cadd= 100 nF

m = 100 nF

Added capacitor in parallel:
2.5% mismatch Cp = 100 NF

Cadd = 100 nF

Cd =5 nF

VAR
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At a 9% temperature change, C_,, IS Sstable

Sensor Yoltage ws Time (fig 7)

Sensar Valtage vs Time (fig §)
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The simulation results were verified experimentally
by using an aluminum cantilever beam
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The simulation results were verified experimentally
by using an aluminum cantilever beam

P

| i — Spectrabook

Pz
: N
\I + - |Fower
‘ = 1_1ISupply
XPC Target Oridor LTHIN J
| - it [1S5el-Sensing
TR ot

Armp

(i

Amp 2

o Los Alamos
Crynarmic Surmmer School



For a 4 nF disturbance, C_,4 Creates stability

Sensor Yaltage vs Time (fig 9
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In summary, we quantified dynamic characteristics
of the self-sensing actuation for the first time

16

Two new design schemes have
increased control stability #
12
10 [ Percentage above Cm for
] Co instability
Schemes can become more effective, : lgﬁgﬂggﬁmeamplo%<
but at the cost of increased power 4
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In summary, we quantified dynamic characteristics
of the self-sensing actuation for the first time

Two new design schemes have
iIncreased control stability

Schemes can become more effective,
but at the cost of increased power

Both new design schemes were
validated experimentally
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In summary, we quantified dynamic characteristics
of the self-sensing actuation for the first time

Two new design schemes have
iIncreased control stability

Schemes can become more effective,
but at the cost of increased power

Both new design schemes were
validated experimentally

Questions?
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