Charge Amplifier: @-
YL ¥ V.17, Y—"

Piezoelectric signals cannot be read using
low-impedance devices. The two primary C‘F
reasons for this are: ||
1. High output impedance in the ' A e
sensor results in small output signal SR S fKWS’:‘“%\’“‘ |
levels and large loading errors. | B 3P
. P i PRRSRONG % _....'A//’
2. The charge can quickly leak out q T ) _%_ c ¢ ~ Output
through the load. g | Yo
_—
A charge amplifier is commonly used as Piezoelectric Cable - Shirge
SENSOr amplifier

the signal-conditioning device for
piezoelectric sensors, in order to overcome these problems to a great extent.

e Because of impedance transformation, the impedance at the output of the
charge amplifier becomes much smaller than the output impedance of the
piezoelectric sensor. This virtually eliminates loading error and provides a
low-impedance output for purposes such as signal communication,
acquisition, recording, processing, and control.

e Also, by using a charge amplifier circuit with a relatively large time
constant, the speed of charge leakage can be decreased.

For example, consider a piezoelectric sensor and charge amplifier combination, as
represented by the circuit above. Let us examine how the rate of charge leakage is
reduced by using this arrangement.
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Strain Gages:

e Many types of force and torque sensors are based on strain-gage
measurements.

e Although strain gages measure strain, the measurements can be directly
related to stress and force. Therefore, it is appropriate to discuss strain gages
under force and torque sensors.

e Note, however, that strain gages may be used in a somewhat indirect manner
(using auxiliary front-end elements) to measure other types of variables,
including displacement, acceleration, pressure, and temperature.

Equations for Strain-Gage Measurements:
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Examples:

o Acceleration may be measured by first Helging
converting it into an inertia force of a —_— —
suitable mass (seismic mass) element, then ARG § |  Strain
subjecting a cantilever (strain member) to s m o
that inertia force and, finally, measuring the ‘ . 7 I D;;i‘;‘,'ﬁv”nﬁ’

; : S.5 ¥ ; Strain member |1~ Seismic .

strain at a high-sensitivity location of the (cantilever) mass {preaianafior
cantilever element. %\

e Temperature may be measured by //‘
measuring the thermal expansion or Base Mtf]‘:gggsg

deformation in a bimetallic element.

e Thermistors are temperature sensors made of semiconductor material whose
resistance changes with temperature. Resistance temperature detectors (RTDs)
operate by the same principle, except that they are made of metals, not of
semiconductor material.

e Note that these temperature sensors, and the piezoelectric sensors, should not be
confused with strain gages.

e Resistance strain gages are based on resistance change as a result of strain, or
the piezo-resistive property of materials.

A direct way to obtain strain-gage measurement is:
e To apply a constant dc voltage across a series-connected pair of strain-gage
element (of resistance R) and a suitable (complementary) resistor R, and
e To measure the output voltage V;, across the strain gage under open-circuit
conditions (using a voltmeter with high input impedance).

e [t is known as a potentiometer circuit or ballast circuit.
o Tempniture Coclf.
We cam defmne R= R+ & AT

Vo (td) = [ R
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Bridge Sensitivity:

e Strain-gage measurements are
calibrated with respect to a balanced
bridge.

e When the strain gages in the bridge
deform, the balance is upset.

e Ifone of the arms of the bridge has a
variable resistor, it can be changed
to restore balance.

e The amount of this change measures
the amount by which the resistance
of the strain gages changed, thereby — Vief &
measuring the applied strain. (Constant voltage)

e This is known as the null-balance
method of strain measurement.
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The Bridge Constant and the Calibration Constant:

If more than one strain-gage is active, the bridge output may be expressed as:
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Assignment: Study Example 5.2 on page 363 Textbook Version2.

Data Acquisition:

(8]
Low £ He

Dy n&mm ac ) Demodulator Calibration Strain
Amplifier : — :
strain bridge P and filter constant reading
LR
Oscillator Power supply

For measuring dynamic strains:

e Either the servo null-balance method or the imbalance
~ output method should be employed (see Chapter 2).
e A schematic diagram for the imbalance output method

is shown in Figure above.

e In this method, the output from th
directly measured as a voltage signal and calibrated to
provide the measured strain. Figure above corresponds
to the use of a@ﬁ;

o The bridge is powered by an ac voltage. The supply
frequency should be abo -l
frequency, frain signa
(bandwidth). A supply frequency in the order of 1 kHz
is typical. This signal is generated by an oscillator and
is fed into the bridge. The transient component of the
output from the bridge is very small (typically <1 mV
and possibly a few microvolts).

e This signal has to be amplified,
demodulated (especially if the signals are

L transient), and filtered to Erov1de the

- stram readmg

e The calibration constant of the brldge should be known
- in order to convert the output voltage to strain. Strain-
gauge brldges powered by dc voltages are common.

e However, they have the advantages of snnp11c1ty with regard to
the necessary circuitry and portability. The advantages of ac
bridges include improved stability (reduced drift) and accuracy,
and reduced power consumption

Accuracy Considerations:

- Foil aujes Son. = 7LK-Q-- Pou/cY' @nSuMth Y as Tmp P Low Meal
ﬂ?t,gc, Civewt
high Range of Meq‘squzwe«a\'
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Semiconductor Strain Gauges:
e [ow-strain applications (e.g., dynamic

torque measurement), the sensitivity of foil

gauges is not adequate to produce an
acceptable strain-gauge signal.

e SC strain gauges are particularly useful in
such situations. The strain element of an SC
strain-gauge is made of a single crystal of
piezoresistive material such as silicon,

doped with a trace impurity such as boron.

e The gauge factor (sensitivity) of an SC
strain gauge is about two orders of magnitude higher than that of a metallic

foil gauge (typically, 40—200), as seen for silicon, from the data given below

Single crystal of
semiconductor

Gold leads —

Conductor
ribbons

Phenolic glass
backing plate

TABLE5.6  Properties of Common Strain-Gauge Material
Temperature Coefficient of

Material Compuosition Gauge Factor (Sensitivity) Resistance (10-4°C)
Constantan 45% Ni, 55% Cu 2.0 15
Isoelastic 36% Ni, 52% Fe, 8% Cr, 3.5 200

4% (Mn, Si, Mo)
Karma 74% Ni, 20% Cr, 3% Fe, 3% Al 23 20
Monel 67% Ni, 33% Cu 19 2000
Silicon p-Type 100-170 70-700
Silicon n-Type ~140 to -100 70-700

e High resistivity -

. low power consumption and lower heat generation.

o Major dvantage of SC strain gauges is that they deform elastically to
fracture. Negligible mechanical hysteresis, smaller and lighter, providing
less cross-sensitivity, and negligible error from mechanical loading.

e Max-Measureable SC strain gauge is typically 0.003 m/m (i.e., 3000 pe).

e Strain-gauge R - can be an order of magnitude greater for an SC strain
gauge; for example, several hundred ohms for a metal foil strain gauge
(typically, 120 or 350 Q2), while several thousand ohms (5000 Q) for an SC

strain gauge. Disad. associated with SC strain gauges & adv. of foil gauges.
o The strain—resistance relationship is more

nonlinear,

© Brittle and hard to mount on curvy surface

o The maximum strain that can be measured
is one to two orders of magnitude smaller
(typically, <0.001 m/m).

o Cost more and have much larger
lemperature sensitivity.
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Automatic (Self) Compensation for Temperature:
In foil gages the change in resistance due to
temperature variations is typically small. Then the
linear (first-order) approximation for the contribution
from each arm of the bridge to the output signal, as

given by Equation
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Torque Sensors:

A torque sensor or torque transducer or torquemeter is a device for measuring
and recording the torque on a rotating system, such as an engine, crankshaft,
gearbox, transmission, rotor, a bicycle crank or cap torque tester.

e Static torque is relatively easy to measure.

e Dynamic torque, on the other hand, is not easy to measure, since it generally
requires transfer of some effect (electric or magnetic) from the shaft being
measured to a static system.

Commonly, torque sensors or torque transducers use strain gauges applied to a
rotating shaft or axle. With this method, a means to power the strain gauge bridge
is necessary, as well as a means to receive the signal from the rotating shaft. This
can be accomplished using slip rings, wireless telemetry, or rotary transformers.
Newer types of torque transducers add conditioning electronics and an A/D
converter to the rotating shaft. Stator electronics then read the digital signals and
convert those signals to a high-level analog output signal, such as +/-10VDC.

Strain-Gage Torque Sensors:

9 Strain Torsion 9.
gages member
" k=

Simple method of torque sensing is: ~\ V%

e To connect a torsion member between the Drive unit \:1 Driven un
drive unit and the (driven) load in series, frmstar) tead)
as shown in diagram, and to measure the : /
torque in the torsion member. Torque __ | Bridge

e If a circular shaft (solid or hollow) is used reading -

as the torsion member, the torque—strain AB = 9m~9,_
relationship becom latively simple, P
nship becomes relatively simple Torgue Transaslied ’lﬁ»-on:r[\ MW
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From Last Page: T =

e S, is the gage factor (or sensitivity) of the strain gages and
e The bridge constant k depends on the number of active strain-gages used.

Strain gages are assumed to be mounted along a principal direction and three
possible configurations are: A&, b N
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Example 5.11

Consider a rigid load, which has a polar moment of inertia J; and driven by a motor with a rigid
rotor, which has inertia J,,. A torsional member of stiffness K, is connected between the rotor and
the load, as shown in Figure 5.49a, to measure the torque transmitted to the load.

(a) Determine the transfer function between the motor torque T, and the twist angle 8 of
the torsion member. What is the torsional natural frequency w, of the system? Discuss
why the system bandwidth depends on @,. Show that the bandwidth can be improved by
increasing K,, by decreasing J,,, or by decreasing J;. Give some advantages and disadvan-
tages of introducing a gearbox at the motor output.

(b) If a torsion member of stiffness 0.5 K| is mounted at the load end of the shaft (in series)
by what percentage the original torsional bandwidth of the system (representative of the
allowable operating frequency range for the torque sensor) is reduced?
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