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Transducers convert one form of energy into another

Transducer
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We classify transducers into three distinct types based on “direction”

Sensors Actuators Bidirectional
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Transducers can be active or passive in nature
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A few of the MANY factors to consider when looking for transducers
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Range

Span

Linearity
Sensitivity
Response Time
Stability

Accuracy

Noise
Durability/Environmental
Cost

Signal Conditioning
Technology
Hysteresis

Output
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Range is the values over which the transducer is rated to perform

SPECIFICATIONS - ELECTRICAL

0244- | 0245- | 0246-

MODEL NUMBER 0240-0000 0241-0000 0242-0000 0243-0000 - C | n | 0246-00005
0.050 0100 | 0250 | 0500 1.00 2.00 3.00 .
WORKING RANGE, tinches (mm) | " || oo | oo | ose | sos) | (62 | 30062
MAX. USABLE RANGE, t Inches |~ 0.075 0150 | 0375 | 0750 150 275 3.25 T
(mm) (178) | (375 | (953 | (19.1) | (381) | (69.8) | (82.5) :
INPUT, VDC 6.0 Min. to 30 Max. HOM 03
Max.
NOMINAL F.S. OUTPUT, $VDC with unloaded output
@ 6 VOLT INPUT 13 24 18 a1 46 39 33 N/A
@ 15 VOLT INPUT 34 6.4 48 83 121 102 87 10
@ 24 VOLT INPUT 55 104 78 135 187 16.5 141 16.3
@ 30 VOLT INPUT 7.0 13.0 97 17.0 248 207 17.7 305
INPUT CURRENT 8.3mA @ 6 Volt input to 52 mA @ 30 Volt input
2 NON-LINEARITY +0.5% Full Scale Qver Total Working Range, =1.0% Full Scale Over Maximum Usable Range
AT CAR:'ZER FREQUENCY. | 1000 | 12000 | 3600 3400 3200 | 1500 | 1400 1400
%RIPPLE,RMS (nominal)y | 07 | 07 | 08 | 08 | 08 | 1 | 1 | 1
OUTPUT IMPEDANCE, Ohms 2500 3500 5200 5500 5600 | 5500 | 5600 5600
FREQ: RESPO':;E @ddom). | 459 140 115 110 100 110 75 75
TEMPERATURE RANGE ' -65°F t0 +250°F (-54°C to +121°C)
RESOLUTION Infinite
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Dynamic range is the ratio of the largest to smallest input measured
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Span is the output difference at the maximum and minimum values

SPECIFICATIONS - ELECTRICAL

0244- | 0245- | 0246-
MODEL NUMBER 0240-0000 0241-0000 0242-0000 0243-0000 - C | n | 0246-00005

0050 | 0100 | 0250 | 0500 | 100 | 200 3.00

I 00 (76.
WORKING RANGE, tInches (mm) | ") oo oo sy | g | ez | 200082
MAX. USABLE RANGE, t Inches | 0.075 | 0150 | 0375 | 0750 150 275 3.25 .
(mm) (178) | (375 | (953 | (19.1) | (381) | (698) | (82.5) ;
INPUT, VDC 6.0 Min. to 30 Max. o mx o3
NOMINAL F.S. OUTPUT, $VDC with unloaded output
@ 6 VOLT INPUT 13 24 18 R 46 39 33 N/A
@ 15 VOLT INPUT 34 6.4 48 83 121 102 8.7 10
@ 24 VOLT INPUT 55 104 7.8 135 187 165 141 163
@ 30 VOLT INPUT 7.0 13.0 97 17.0 248 207 17.7 30.5
INPUT CURRENT 8.3mA @ 6 Volt input to 52 mA @ 30 Vot input
2 NON-LINEARITY +0.5% Full Scale Qver Total Working Range, =1.0% Full Scale Over Maximum Usable Range
AT CAR:'ZER FREQUENCY. | 1000 | 12000 | 3600 3400 3200 | 1500 | 1400 1400
%RIPPLE,RMS (nominal)y | 07 | 07 | 08 | 08 | 08 | 1 | 1 | 1
OUTPUT IMPEDANCE, Ohms 2500 3500 5200 5500 5600 | 5500 | 5600 5600
dan RESPO':;E @dBdomm), | a9 140 115 110 100 110 75 75
TEMPERATURE RANGE ' -65°F t0 +250°F (-54°C to +121°C)
RESOLUTION Infinite
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Linearity is deviation from an ideal linear output

End Point U5 | 9286 ;
& e oh 0246-00005
B . |
. . ; 200 3.00
Mid pOInt B 08 | ez | 90062
: . |
: 175 3.25
: 59.8) | (82.5) A2
. : 9.0 Min. 10 30
a : Max.
.
S
o 3.9 33 N/A
) 10.2 8.7 10
: 16.5 141 16.3
! I w7 | 127 | 305
g 8 20. 5 i
Nonlinearity ! e
)
1 1 Over Maximum Usable Range
; :
- 1500 | 1400 1400
) ! |
B l 1 1 1 1
1500 5600 5600
Pressure Rated 110 75 75
Pressure "B -
RESOLUTION ' infinite
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There is also a frequency component “dynamic linearity”
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Sensitivity is the slope of the input-output curve (calibration slope)
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Response time must be much smaller than the timescale of the
phenomena you want to measure (or it can be your low pass filter)!

Pressure Release
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Stability is how constant the output of a transducer is when the
physical stimulus is static (drift, environmental, and more)
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Accuracy represents the maximum difference between the real and
indicated values (commonly offsets, not always constant though)

Actual,

target or
reference
A value

j—— Accuracy —>

Probability
density

Value
<+— Precision —»
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Noise is how much variation there is relation to the real signal and is
related to the precision of the instrument (often SNR)

Actual,

target or
reference
A value

j—— Accuracy —>

Probability
density

Value
<+— Precision —»
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The sensor must be matched to the environment in which it will
operate - and overrated generally
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Cost is always a factor - can you afford it, are you going to get it back, is
it more than you really need?
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Signal conditioning can add more cost than the instrument and create
more environmental concerns
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Technology used can present significant pros and cons based on your
particular application

What is the physical method
What are the cross-sensitivities
How stable is it

How experimental is it
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Transducer hysteresis is analogous to mechanical backlash and may or
may not matter to you
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Output should be matched to your system if possible

How a 4-20mA Transmitter Works

Flow Transmitter
Range : 0 to 100 m3/hr

DCS / PLC
Analog Input Card

ﬂ 24Vfc, 20mA N

y» ToA/D

Present Flow Value =0

FIELD

A | EEMANGEOPHYSICAL

CONSULTING & INSTRUMENTATION

! 1 Pair Cable
|
|
|
!

Converter

250 Q

QnstrumentationTools.com/

CONTROL ROOM

Voltage
Current
Resistance
Digital
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We’ll cover a few common measurement applications and how to
approach them, many others are similar

® Temperature
e Position/Distance
® Pressure
e Strain
e Rotation e
e MEMS T B e oiall
" AURTHISIEQUIPMENTISHUST
o “'U)SF_DMTQMgAéQgg«TY'RATIN‘GS.
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Temperature measurement has many potential technologies
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Advantages Disadvantages
THERMOCOUPLES v' Simple x  Nonlinear response
v" Rugged x  Small sensitivity
L > v Inexpensive x  Small output voltage
(U] 5
E v No external power x  Requires CJC
6‘ v' Wide temperature x  Least stable
> range
v’ Variety of styles
TEMPERATURE
RTD v" Most stable x  Low sensitivity
v" Good Linearity x  Externally powered
W AN~ v' Most accurate x  Costly
x  Small output
E resistance
a x  Self-heating error
<
TEMPERATURE
THERMISTOR v Fast x  Limited temperature
v High output range
- AN ] Mir.mimal lead x Exter.nally powered
z resistance error x  Nonlinear
E x  More fragile
E x  Self-heating error
e«
TEMPERATURE

Image: National Instruments




Thermocouples use the Seebeck effect

Dissimilar Metal 1

Hotend Cold junctions PR .
\ Voltage meter
mV Material 1 Copper

A .

! I U1 |

Dissimilar Metal 2 1

-. Material 2 Copper ?

Common Thermocouple Temperature Ranges

Junction

Temperature Standard Limits Special Limits

Calllwation Range of Error OEEBIFOE: [ e e e e
| Voltage & temperature measurement, |

0° to 750°C Greater of 2.2°C Greater of 1.1°C i . 5
(32°to 1382°F)  or 0.75% or 0.4% {  ‘idcompereationcalclation.
’ ’ Material 1 ! !
-200° to 1250°C Greater of 2.2°C Greater of 1.1°C | :
(-328° to 2282°F) or 0.75% or 0.4% U1 < '
-200° to 900°C  Greater of 1.7°C Greater of 1.0°C E
(-328° to 1652°F) or 0.5% or 0.4% Material 2 '
T -250° to 350°C  Greater of 1.0°C Greater of 0.5°C E
(-328° to 662°F) or 0.75% or 0.4% H
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RTDs are resistance based devices with high stability, but low sensitivity

SMALL DIAMETE
PLATINUM
SENSING WIRE

WINDING MANDREL
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Resistance Temperature Detector (RTD) - 2-Wire,3-Wire,4-Wire Systems

Transmitter

2-wire
system

PROTECTIVE
OVERCOAT

NON-ELECTRICALLY CONDUCTIVE

Transmitter

4-wire system
prefered
having paired
leadwires

Transmitter
Connection
lead
copper
e Inner
=~ lead

3-wire —=
et ~—— Sl

Transmitter

Connection
lead

copper
4-wire system
?‘ot prepared

aving 4. Inner

compensating ~— lead
loop —f==

A galstance
ement

Instrumentationtools.com
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Thermistors are inexpensive silicon resistance based devices that are
fast, but can experience self heating

in® -t
Rt
| L/out
R
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Position/Distance
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DCDTs/LVDTs
Potentiometers
Time of Flight
Laser

Inductive
Capacitive



L
DCDTs and LVDTs are differential transformers, an expensive, but very
good displacement sensors

Stainless Steel Housing and End Caps

High Permeability  High Density Glass Filled

Magnetic Shell Polymer Coil Form
\ Coil Assembly /

Eour =E, - E, Eosr =E -E; =0V _ Eour=E; - E
O &
L S] 4 4 P L sz L S| L P Sz
ANA AAA NEA; p— Z Primary Winding —X / j
Secondary Windings Epoxy
Encapsulation
NULL MAX. RIGHT Threaded Hole i
(both ends)

High Permeability Nickel-iron Core
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Linear potentiometers can be slightly noisier and more thermally
sensitive, but are inexpensive

Slider or “Wiper”
(mounted on moving member)
Short
/ Circuit
O
To Output
Circuitry
Potentiometer
O
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Time of flight sensors are a non-contact method than can be very
economical

Maximum Range up to 33 Meters

Min. Range

<¢

—IIH)”H

BE—
—

Target

/

=
Dead- Material Window
band

———
———
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Laser distance sensors are very precise, but expensive
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Inductive eddy current sensors are great for conductive non-contact
measurements

Alternating

/ magnetic field

Eddy current
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Capacitive sensors are very fast and high resolution sensors

S8 Position, Displacement

N
—_— ~
—> u<—
Driver
Excitation voltage (AC)
Signal processing
Calibration
QOutput voltage/data
Elite Series (CPL490, CPL190/290)
Best performance; adjustments and indicators e Range
! ‘g Dependent on Sensing Area
s CPL230 E Mounting
No user adjustments or indicators & Cylindrical:
3 mm, 5 mm, 8 mm, 3/8"
CPA100 Precision Analog Proximity 18 mm
Adjustable gain and zero, Indicators Rectangular: 20 mm, 45 mm
Setpoint output
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Pressure transducers are generally strain based, but come in multiple
reference point variations

Absolute
Gage
Vacuum
Differential
Sealed
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Strain is measured with strain gauges and forms the basis for many
other sensing technologies

QF = £

resistance
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Strain gauges can be arranged in a variety of ways to measure different
components of strain
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We often use dummy gauges (not bonded or bonded in an unstrained
direction) to compensate for temperature

JIE S an
| |

7 — GF€—|- s 7AVA

Dummy Gauge Active Gauge
(Rg, inactive) (Re+ AR)
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Great care should be taken with the bridge circuit design
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Axial Strain Yes Yes Yes No

Bending Strain Yes Yes Yes Yes

Transverse Sensitivity No No Yes No

Yes Yes Yes

&

Temperature

Sensitivity at 1000 pe ~0.5 ~05mvV. ~065mvV | ~1.0mVN
mv/\Vv

Number of Bonded Gages 1 1* 2 2
Mounting Location Single Single | Single Side | Opposite
Side Side Sides
V Number of Wires » 20r3 » 3 . 3 4 3
Bridge Completion Resistors | 3 ' 2 | 2 A 2

*A second strain gage is placed in close thermal contact with structure but is not bonded.

A LEEMANGEOPHYSICAL

LLC

CONSULTING & INSTRUMENTATION

Opposite Opposite
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Bonding, placement, wiring, resistance testing, and more are required
and each with a lot of odd sensitivities

MICRO:= | \oies.

INIEASUREMENTS
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Encoders are a great tool for rotary (or what can be translated to
rotary) motion

Assembly
Code Disk — o2

Housing >
Assembly
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MEMS has slowly been taking over many traditional applications, but
the technology is certainly not fully mature
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MEMS has slowly been taking over many traditional applications, but
the technology is certainly not fully mature

SEM of the MEMS device MEMS device
.\

copper thermal shield
(cut away to show interior)

80
40-

-40

acceleration (pGal)
o

-80
ED ® (2] ) g o g
) < O 2o ~ P
= - ™ L 2o -
phptodiode current
behind MEMS stabilising calender date (dd/mlyy)
device

resistor

Figure 2
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Actuators come in many, many varieties and we’re not going to focus
on them more than to mention a few of the common ones
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