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FIGURE 12-1 Some Common Sensors
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Figure 12.9
Potentiometer-based
position sensor.

5cm

11

Figure 12.10 A LVDT measures displacement .

transmitted = = reelected dwave

	

-- = wavewave

7
GmunGroun

1 CM

	

Wire wound position transducerH

Out

In

T

Figure 12 .11 An ultrasonic pulse-echo transducer measures the distance to an object .



Figure 12.16 Four
strain gages are placed in
a bridge configuration .

I I

Figure 12 .15 Strain gages used for displacement or force measurement .

Bonded Gage
Armature

I	I

I
Frame

.4

	

Force

The gage factor for an Advance strain gage is 2 .1 . The typical resistance R is 120 S2 . If
the gage is bonded onto a material with a spring characteristic

F=-kx

then the transducer can be used to measure force . The wires each have a significant tem-
perature drift. When the four wires are placed into a bridge configuration, the temperature
dependence cancels (Figure 12 .16). A high-gain high-input impedance high-CMRR differ-
ential amplifier is required.



Figure 12.18
When the two
thermocouple junctions
are at different
temperatures, current
will flow.

(cold)

	

(hot)
T 1

	

T2

Copper
4

current = a (T 1 - T 2 )

Seebeck effect= thermal to electrical

Figure 12.19

	

(Heat absorbed)
When voltage is applied
to two thermocouple
junctions, heat will flow .

Copper

voltage
Peltier effect = electrical to thermal



Figure 12.20
An instrumentation and
low-pass filter are used
to interface a
thermocouple.

Table 12.7 Temperature sensitivity and range of various thermocouples .

Constantan

µC
system

analog low pass filter
0<f<_ 10Hz

0<V3 <_3 .91V

0to+5v
8 bit, ADC

j 0_<N<_200

Digital computer/display

Type-Thermocouple µVC at 20°C Useful range, °C

	

Comments

T-Copper/constantan 45 -150 to +350

	

Moist environment
J-Iron/constantan 53 -150 to +1000

	

Reducing environment
K-Chromel/alumel 40 -200 to + 1200

	

Oxidizing environment
E--Chromel/constantan 80 0 to +500

	

Most sensitive
R S-Platinum/platinum-rhodium 6.5 0 to -1500

	

Corrosive environment
C-Tungsten/rhenium 12 0 to 2000

	

High temperature



Out

RPM = 7 .5 • f (Hz)

disk

	

h le

	

disk_

hole
no
hole

one revolution

Figure 12 .12 A LED-photosensor pair measures shaft rotation .

microcomputer
measures

AN Y
period or
pulse width



Table 12 .6
Trade-offs between
thermistors and
thermocouples .

IC	
Bare Bead

Flake

Glass Coated Probe

Thermistor Shapes

Glass Coated Bead

Disc

Rod

Thermistors

	

Thermocouples

More sensitive

	

More sturdy
Better temperature resolution

	

Faster response
Less susceptible to noise

	

Inert. interchangeable V versus T curves
Less thermal perturbation

	

Requires less frequent calibration
Does not require a reference

	

More linear

Figure 12.17
Thermistors come in
many shapes and sizes .

l20µ to
1 .3mm
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Block diagram showing
how an analog
multiplexer is used to
sample multiple signals .
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