Measurement of
non-electrical quantities
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Sensor
a converter that measures a physical quantity, converting it into a
signal convenient for an observer or some data acquisition system.

Transducer
a device, converting one form of energy (eg. mechanical, thermal,
electromagnetic etc.) into other form (often of electrical nature),
convenient for tfransmission, presentation or processing.
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Which quantities can be measured...

...almost all

temperature (thermistor, termocouple)

force, tention (fensometer)

pressure (tensometer transducer)

displacement (potentiometer, LVDT transformer)

flow of substance (anemometer) https://www.analog.com/en/education/

speed, speed of rotation (gyroscope education-library/
agceler-aﬁ-ion f (QY P ) transducer-interfacing-handbook.html
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C h em l Ca I C o m p o s l 1- l o n Education Library Transducer Interfacing Handbook, Edited by Dan
R el A Sheingold, Analog Devices, 1980
M * FAQs This book was an early classic on the overall subject of
T l m e * Technical Books sensor signal conditioning. The concepts of
« Training and transducers, bridges, temperature sensors, pressure,
Frias and force sensors form the basis of modern industrial

! signal conditioning circuits. The book has stood the test
eoee * Tutorials
- of time and most of the concepts are still valid today.
* Videos

» Webcasts The Transducer Interfacing Handbook is available for
download:

* * White Papers

- S l 9 na S and Case Studies + Preface and Table of Contents (pdf)

« Chapter 1: The Transducer as a Circuit Element
Education (pan)

— Engagement « Chapter 2: Interfacing Considerations-Bridges (pdf)

« Chapter 3: Interfacing Considerations-Interference (pdf)
t it
gesture, position

- smoke/particles detections ...

+ Chapter 4: Amplifiers and Signal Translation (pdf)

+ Chapter 5: Offsetting and Linearization (pdf)

« Chapter 6: Overall Considerations, 2 Interface-Design Examples (pdf)
« Chapter 7: Thermoswitches and Thermocouples (pdf)

« Chapter 8: Resistance Temperature Detectors (RTDs) (pdf)
« Chapter 9 Thermistor Interfacing (pdf)

« Chapter 10: Semiconductor Temperature Transducers (pdf)
« Chapter 11: Pressure-Transducer Interfacing (pdf}

= Chapter 12: Force-Transducer Interfacing (pdf)

« Chapter 13: Flowmeter Interfacing (pdf}

« Chapter 14: Interfacing Level Transducers (pdf)

+ Chapter 15: Application Miscellany (pdf)

+ Appendix, Bibliography, and Index (paf)

« Transducer Interfacing Handbook — zip file of entire book
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Strain gauge (gage), tensometer
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Practical realisation coil 5
: : oil ~5um
foil strain gauge /Cu, Ni, Fe, Pt..
semiconductor strain gauge

0.5 mm
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source: sensormag.com

1.5 mm
Gf~2 Gf~-100 (Sl)



Strain measurement (force, mass, pressure, tension...)
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Pressure transducer
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MPX2300 (Freescale)

sensitivity 5 uV/V/mmHg
UFS =3 mV
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A weighting scale

Roberval mechanism (Gilles Personne de Roberval, 1602-1675)

& >

sensitivity 0.5 - 1 mV/V/FL (full load)

FL: ranges from grams to tons




Temperature measurement |

Thermocouple - thermoelectric effect

Seebeck effect (Thomas J. Seebeck, 1821)

AV=-S(T)AT

Tl\ — /’ T,

Standard measurement setup
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measured

temperature
reference

block

Possible solutions
e cold junction, aka .ice bath”
e compensated cold junction

e hot junction (rare)

voltmeter

E(T) (mV)
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=E(T)-ETz)

200

Standard thermocouple junctions

1000

type junction range [°C] s?:\s/i/‘ri;/ C';y
K chromel/alumel -200 + 1200 39
E chromel/constantan 0 +900 76
J iron/constantan -200 + 760 55
T copper/constantan | -200 + 400 45

1500

Temperature T'(deg C)




Temperature measurement

Thermistor |
Steinhart-Hart equation a+bnR +c(nR.) =T |L
a R R
For NTC thermistors R- =R, exp[g[% — TLH I@ ‘{
0

resistance [kohm]

0 10 20 30 40 50
temperature [deg C]

Resistive thermometer detector RTD (William Siemens, 1871)

R =R(M+CT+C,T2+CT +..)
P+-100 sensor - 100 @ @ 0°C; €;~0.75 Q/°C




Unbalanced bridge - linearity problem
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Methods of bridge linearisation




Frequency

Frequency measurement

gate

former
measur'ed % I-IJ-IJ

signal ] N| displa
counter Py
ref —] —/| 11359.078 Hz
gating
generator

gating pulse

measured signal

counted pulses

What is a ,true” ferquency value?

gating pulse

correct result

fi> f, (~1 excess pulse)

C55

fi< f, (~1 pulses less)



Time interval/frequency measurement

reference frequency
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How to determine the ,tails"?

.analog” method
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Distance measurement (ranging)

1. Pulse ,reflectometric” method

4L

N v measurement resolution:
g - wavelength A,
R °e I ) i3 - fime interval measurement:
X |7 s=vt/2 © As = 0.5VAY,
acoustic waves: optical waves:
v =300 m/s v=3108m/s
@ 100 kHz — A = 3mm @A =700 nm — 430 THz At,=10ns — As = 1.5 m...
T=10ps T=23fs
resolution limit - wavelength resolution limit - fechnical capabilities
...but there are other problems... of time interval measurement

2. ,Coherent” method — phase shift measurement of CW signal
LN Ty = VA

Tx % N

[ X J
Rx c_Ae v ~ <-:
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] obstacle

measurement resolution - phase shift

25-21Tf—m v=3.108m/s L -
Am 74 fm = 100 MHz A® =1° > As =4 mm...

AB =25 p=2s2T



