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Mechatronics Systems: 
Basic Concepts and Applications 

g,1. MECHATRONICS: WHAT IS IT? 

Mechatronics ➔ Mechanics+ Electronics 
Mechatronics is a fascinati_ng br~nch of engineering science which has initially been a combination 
f echanics and elecrorucs. With the advancement of technology, Mechatronics became broad­

~:d covering m~hanical, elec~ical, electronic_s, s_oftware engineering, communication, control 
and artificial intelligence. Essentially mechatromcs 1s 

• a broad term that integrates/ unites principles of mechanics, electronics and computing 
(frequently using micro-controllers to generate a simpler, economical and reliable system. 

• the synergistic integration of mechanical engineering with electronics and intelligent control 
algorithms in the design and manufacture of products process. 

The term 'synergistic' implies interaction of two or more disciplines to produce a combined 
effect greater tham the sum of their separate effects. As such, a mechatronics engineer would 
study definitive portions of mechanical engineering, electrical/ electronics engineering, computer 
engineering and control engineering. 

Electronics 

Electrical 

Computer system 

Manufactunng 

System design 

lnformalion 
technology 

Instrumentation 
and Conlrol 

Fig. 9.1. Constituent disciplines of a mechantronics system 

The different fields which make up mechatronics have been indicated in Fig. 9.1. Mechatronics 
is treated as a modem buzzword synonymous with automation, robotics, and electro-mechanical 
systems. 

The noteab\e examples of mechatronics systems are : 
• digitally controlled combustion engines 
• machine tools with sell-adaptive tools 
• contact free magnetic bearings 
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hatronics systems, often called smart systems, are« 
3. Tertiary level: The terti'.1117. eveTml _ec esults through incorporation of advanced feedbad 

. d 1·ty d sophistication. us r . 
improve qua I an th t ses micro-electronics, micro-processors and other 
functions into the control strategy a u 
application specific integrated circuits. . 

Industrial robots are typical examples of tertiary mechatromcs system. . 
1 l· Th re is an attempt in the quaternary level mechatron'.cs systems lo 

4. Quaternary eve . e . . I . with the obJ·ective of enhancmg smartness. 
incorporate intelligent and fault detection iso ation . . bots for art handlin~ 
There is a linkage of major subsy:tems such as machirung centre~:; intellecti!'at capabilities 
automated inspection centres, etc., m the large factory 5Y5tems. Fur ' k d fum 

f tif. · I al networ an -, 
of the human operator are captured through the concepts o ar 1cia neur 
lo8!C. Humanoid robot is one such mechatronics system. 

~AVIONICS, BIONICS AND AUTOTRONICS ni~ 
. . . d f bl d f "ation and electro Avionics is a variant of mechatromcs syste~ t_hat 1s co~e rom a en. 0 avi of v ing ~•p!S 

Every modem aircraft, spacecraft and arti£1c1al satellite uses electroruc sy5tems ary y includt 
to perform a range of functions pertinent to their purpose and mission. Such sy5tems ma 
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.., aine control and flight control systems • d 
• i;:.ni,- · ff m or er to red~IM 
. or take o · • ··-~-.;~ 

1and~;uel control and monito~g _system to report fuel remainin on 
Navigation and commurucation systems Air . . g ~ 

•direction on or above the surface of the e~h. navigation is the 
a!ld Weather and anti-collision systems. The transport . aft 

." ance system w~~h can detect the location of nearbyaira: uses a ~ ~ 
av01~g mid-air collis1on. The weather dectectors give irif ~ and prO\'lde 
avoi flight recorders (black boxes): These store flight ,_,orma~on on ligh~ and 

• . uuOrmation and audio from the'iflp,Vi.U,;c,:I 
rovide information on control settings and other paramet h ther . ,_.c: •. ~•~; 

'[heY P f h ers w en e 15 any unf~; 
·dent o eras . ·nc1 

l • Display an~ mana?ement of ~ystems fitted to the aircraft to perform individual taslcs. 
'[here is also integration of multiple functions to improve performance, simplify maintenance 

and contain costs. 

Bionics is a_ variant of mecha~onics ~ys~em that has been coined by Jack Steel in 1958 &om 
the subjects of Biology and ~lectrorucs. ~ b1ological irlspired engineering pertains to the biological 
methods and syste~s, and is made u~e of m the study and design of engineering systems. Bionics 

dies the mecharuca_l and electrorucs systems that function like living organism or parts of a 
s_hl_ organism both mtemal and external. 
li\TllOg f b. . . . . . 1 d Examples o 10rucs m engmeermg me u e : 

• hulls of boat immitating the skin of dolphins 
, sonar, radar and medical ultrasound imaging using sound waves and echoes to determine 

where the objects are in _space. ~is is analogous to sending out of sound waves (from the mouth 
or nose) by the bats to fmd food m the dark. When the sound waves hit the target (food), echoes 
are produced. 

, producing artificial neurons, artificial neural networks and swarm intelligence in the field 
of computer science 

, Making of artificial hands with sensors in the finger tips that monitor and adjust the 
strength of the hand's grip. 

• Development of dirt and water repellant paints/ coatings from the observation that practically 
nothing sticks to the surface of lotus flower plant. 

• Charting the shape of aircraft wings according to speed and duration of flight irlspitred by 
different bird species that have differently shaped wings according to the speed at which they fly. 

• Creation of new nanosensors to detect explosives irlspired by wing structure of butterflit!;i, 
• Developoment of smart clothing that adapts to changing temperatures. The smart fabric 

opens up when the weather is warm and sweating, and shuts tight when cold. This development 
came from a study of pinecones (a type of plant). 

• Application of the ways the ariirnals move in the design of robots. 
The above examples clearly indicate that Bionics treats nature itself as a database of solutions 

that already exist. Further, it will be appropriate to mention how the subjects of Bionics, Cybernetics 
and Bio-engineering differ from each other. 

Bionics explores new ideas for building mechanical and electronics systems. Cybernetics focuses 
on seeking an explanation of the behaviour of living organisms. Bio-engin~ring uses living ~gs 
to perform industrial tasks. For example, using bacteria in paper battenes to supply electrical 
energy would be an advancement in Bio-engineering, and not Bionics. 



Mechanical Eng1n 
of t m that has been coined by blendin 

is a yariant of JneChatrof1iCS sys e . g illlt~ 

lectronics ➔ autotrorucs 
~ obiJe+e I d autoDI . . that serves to deve op an understand 

tro
nicS a flexible enginee~gg of mechanical systems and electro . cOt\ver . 

---unaJces auto . and worl'J"" An 1 ts . n1cs s~ u• . . constrUction d microcontrollers. a ys estimate th t sy51~ 
~pies 111• desigll,d _..,...01ent of senso~ an w stem from electronics. Since 197a0 more ,~. -
• __ u...,f with a Vcu~~ . ovabves no f h fun , th ""11 
coawu~- t f all automobile iJUl hnology with many o t e ctions ev I ere ~ 
M> per~ ohanges in motor vehiclde tee trolled by computer. Due to embedding fo veq ftn.. 
~ve c . nics an con . . o elec1r ·'II 
• __ .:._ __ :,.,,1 to 1,ecoDUJ1g electrO improvement m . °l\iq 
me,.n,u-. tions there has been 
in autom<>bile opera • · "tion 

fuel injection and engme ,gro . 
- . ~-~;c.c.ion and suspenston 
_ steenf\S, UCU"'"~ 

- antilock braking .ti ning system (GPS) 
- navigation and general pas• o 
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_ audio and video enlt:u .... -· 
_ safety control and security alarms 
- collision avoidance systems 

lockin system and key-less entry 
- auto- g d clri . more comfortable, more secure and more efficient, and has 
All this has ma e vmg . UUned 

driving into a pleasurable experience. 

9.4. APPLICATIONS OF MECHATRONICS . . 

echa 
. . f the fastest developing fields with wide areas of application in...,, 1.~ M trorucs JS one o . . u"'r"<llr• 

d 
. d uf runn· g Marketing refers to information analysis related to identificati· • 

es1gn an man ac • . . . Th I . d . on ci 
d d formulation of product specification. e manu actunng omam looks into pr,.... 

usesnee san l h dli · ti d rty -"' development, production planning, materia an ng, _ms~ec on ~n qua I control. The Cllmri 
technological designs are highly complex and that requires integration of knowledge from differen 

interdisciplinary subjects. 
Mechatronics finds application in : 
• Industries where it is necessary to design and maintain automatic equipment. 
• Large manufacturing units involved in high volume production. Automation and industrial 

robots perform consistently and quickly and that enable manufacturers to keep with demaru 

while reducing costs. 
• Many medical applications such as magnetic resonance, ultrasonic probe and arthroscopi. 

devices are mechatronics. Surgical robots have been developed for eye surgery, targeting hmg 
cancer, knee surgery and laparoscopy. Such examinations and treatments are less invasive arJ 
that leads to fast recovery and low risk of infection. 

• Computer machine tools like CNC milling machines, CNC water jets and CNC plasllll 
cutters. 

• Computer aided and integrated manufacturing systems 

• Consumer products, industrial goods packaging 

. • Transportation an~ _vehicular systems, automative engineering equipment in the desird 
anti-lock brakes and stabilizers, and air-bag inflation . This has made driving safe and less acader.l 
prone. 

• . Home ap~lications such as automatic air-conditioning systems, security systems, washinf 
machines and dish washing, etc. 

-
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are : ges resulting from mechantronics systems 
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_ rapid setting up and cost effective ope ti. esign time and product size 

. . . rf ra on of rnanuf turi . . 
- optinuzmg pe ormance and quality ac ng facilities 

_ increased effectiveness and productivity 
_ more user-friendly and more safe to use 
- improved and less experJSive controls 
- little interference from operators 
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1
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- high initial cost ve e O owing disadvantages too 

- complicated design 

- system complex and so difficult rep . d . au an maintenance. 

~ SENSORS AND TRANSDUCERS 
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0 
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conversion of the measurand into analo' and ~•9 tra~ducmg element which is responsible for 
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Fig. 9.3. Generalized measurement system 
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9. 7. MECHANICAL . . !es to convert the various quantities being measllted. 

nsd 
rs make use of different pr_inopf th mechanical detector-transducers, together Wilhtnlo 

Tra uce ·des a list o e the 
their analogs. Table 9.1 prov1 
functions they perform. . I detector-transducer elements 

Table 9.1 Mechanica 

Detector-Transducer 

Contacting spindle 
Elastic member 
• Bourdon tube 

( circumferential and twisted) 

• Bellows 
• Diaphragms 

(flat, dished and corrugated) 
• Springs 

Proving ring 

Concentrated mass 
• Seismic mass 

• Pendulum 
• Manometric liquid 

Thermal 
• Liquid-in-glass and filled 

system thermometers 
• Bimetallic rods 
• Temperature sticks 
• Thermocouples and thermopiles 

l 
• Thermistors and resistance thermometers 

Operation 

Displacement to displacement 

Fluid pressure to displacement 

Force to displacement 

Acceleration and vibration amplitude to 

displacement 
Force to displacement 
Fluid pressure to d isplacement 

Temperature to displacement 

Temperature to phase change 
Temperature to electric voltage 
Temperature to resistance change 

(ContJ.J 

d Pneumatic 
J-fY ro . 
(ti) Static 

• float 
• .f-{yclrometer 

) vynamic 
(1' • Orifice plate, venturi and nozzle 

• pjtottube 

• vanes 
• Turbines 

} 

Llquid level to disp 
Specific gravity of liquid 

Velocity to pressure 

Velocity to force 
Linear to angular velocity 

7 1 Elastic elements g, .. 
These units are freque~tly employed to furnish an indication of the magnitude of applied 

ressure/force t~ou?h a displacement measurement. Operation of the elastic elements is based 
P none or a combination of the following three acts: 
0 

(r) compression that tends to force the molecules of the solid together 
(ir) tension that tends to fo~ce the molecules farther apart 

(iir) torsion that tends ~o twist the solids 

A force ma}'. be determu:,ed by applying it to_ an elastic element and measuring the resulting 
elastic deformation. The devices commonly used include springs, the proving ring and the torsion 
rods. 

• In a spring type !nd!c~tin_g scale, unknown weight applied to the free end of the spriing 
causes displacement which 1s indicated by the pointer. A tape-and-drum movement can be employed 
to operate the pointer. 

• The proving ring (stress ring) is a ring of known physical dimensions and mechanical 
properties. An ex_ternal tensile or compres~ive f?rce_ applied across the ring diameter causes distortion 
which is proportional to that force. The distortion IS measured by means of a dial gauge, a sensitive 
micrometer, or a strain gauge. The proving ring is widely used as a calibration standard for large 
tensile testing machines. 

• A torsion bar would twist in proportion to the applied torque and the resulting angular 
deformation can be used as a measure of the torque. 

• Most pressure measuring devices use either a bourdon tube, a bellow or a diaphragm. The 
action of these elements is based on elastic deformation brought about by the force resulting from 
pressure summation. 

9.7.2. Mass sensing elements 

The inertia of a concentrated mass provides another mechanical detector transducer. The 
principle is employed in vibration pickups and accelerometers, and serves to measure the 
characteristics of dynamic motion (displacement velocity, acceleration, and frequency) through 
application of Newton's second Jaw of motion. 

• Any simple mechanical vibrating member such as a pendulum would serve as a time or 
frequency transducer, chopping the passage of time into discrete bits. 

• The pressure measurement by manometers is also based on the principle of mass displacement 

9. 7 .3. Thermal detectors 
These units sense the temperature of a system by indicating some change in the property of a 

material which varies with temperature; properties which are so used include: 
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. . ds· bi meta t the 
. Ex ansion of solids and l1qu1 . fille~ 

(r) P thermometers 
1 

d alloys: thermocouple and thermopil 
system f meta s an . t h es 

.. Th electric property o d emiconductors: res1s ance t ermorn 
(rr) ermo- . of metals an s etets 
(iii) Electrical resistance and 

· t u· al pyrometers thern,1s ors. d. tion and op c 
(iti) Radiating ability : total ra ia 

9 7 4 
Hydro-pneumatic elements 

0
_..n'\0n examples of the hydro-pneu""-- . 

• • • rethetwo c JlU•• ··"'ticS<? 
A simple float and_~ hydrometer a nsors 

applied to static conditions. . displacei11ent but makes no allowance for cha 
• The float converts th~ fl~id level into nge of the 

density of the supporting l1qu1~· vi and uses the depth of imn1ersion as a n1eans ford 
• A hydrometer senses sp~ificfgrha typporting liqwd. etectit\g 

th . f' gravity o t e su l ) . variations in e spec1 ic ( rif' e plate venturi and nozz e provide a flow i f 
. h d fl w meters o ic , . Th b n orllla . 

• The obstruction ea o result of energy transformation. e o struction placed . hon 
in the form of pressure c~ange as a f fl . d pressure which is dependent on the rate of fl in the 
path of the fluid results in a chanafge O th uibstruction is measured by means of a differential ow, ihe 
difference in pressure before and ter e o Pressl.lre 
gauge and is correlated to fl~w r~te.. 

1 
are also applied to determine the fluid velocity A 

• Aero-or-hydrodynamic P~~•P ;
0
n

1 
total-flow rate rather tl1an the change of rate Fl P0

int 
tube measures the pres~ures r;su ~g . foil and turbine wheels. Flow rate a inferred fro~ t~\Vrate 
is also sensed by vanes 1n the orrn ° all' . h 1 e vane 
displacement or the angular velocity of turbine ..,.., ee . 

9.8. ELECTRICAL TRANSDUCERS . . . 
Nowadays electrical/ electroruc techniques of 1:11easuremen~ are being increasingly applied lo 

t f. Ids other than in electncal engineenng. The t1dvantages of such meth#Y-
measuremen s 1n many 1e ~ 

over others are : 
• more con,pact instrumentation 
• good frequency and transient response 
• feasib1litv of remote indication and recording 
• possibility of mathematical processing of signals like summation, integration etc. 

• minin1um of friction and mass-inertia effects 

• possibility of non-contact measurements 
• less power consun1ption and less loading on the system to l1e n,easured 
• amplification greater than that produced by a mechanical contrivance 
The differe11t electrical phenomena employed in transductior, elements of electrical transducers 

are listed in Table 9.2 along with their typical applications. 
An e,am1nat1on of Tables 9.1 and 9.2 ,vould reveal that wl,ereas displacen1ent is output from 

tl1e mechanical and hyc.iro-pneumatic devicec;, it is input to the electrical devices. This aspect results 
in a very ,vorkable con1bination ,vith the n,echanica1 device serving as detector-transducer and an 
electrical device serving as tl1e electro-mechanical transducer (more often as transducer only) with 
the c;ole obJect of converting the linear or rotary displacement of tl1e n1echanical system into an 
electrical output. Transducers are also known as gauges, kpickups and signal generators. Most of 
the pickups l1ave two basic elen1ents m essential, viz., an actuating de\. ice and the transducing 
element. Some of tl1e typical transducer actuating n1echarusms are shown 1n Fig. 9.4. 
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Table 9 2 El oncepts and Applications IA-
. ectrl"•I tra 0 . . . - nsducers · ·· •·· -

- operating Principle 

Externally Powered . 
nesistance (Passive) Transducers 
• potentiometric device Resistanc . 

e in a potenti · 
or a brid . . ometr1c 

• Resistance strain gauge 

• Resistance thermometer 

• Thernustor 

• Pirani gauge 

• Resistance hygrometer 

• Photo-conducti,,e cell 

Capacitive 

• Vanable capacitance 
pressure gauge 

• Dielectric gauge 

• Capacitor microphone 

Inductive 

• Magnetic ciraiit 
transd ucer 

h . ge circuit varies with 
~ ange t.n the position of a slider 

y an extemall}' applied load 

Resistance of a \vire or semi­
conductor is changed b 
elong ti Y a on or compression due to 
an extemal load 

R~sistance of a pure metal 
w1rc _(~ith positive temperature 
co_effic1ent of resistance) varies 
\v1th temperature 

Resistance of certain metal 

oxid~s. ( -.vith negative tempera-true 
co_effic1ent of resistance) varies 
with temperature 

Resistance of a heating element 
changes due to convection 
cooling by the stream of gas flow 

Resistance of a conductive strip 
changes with moisture content 

Resistance of the cell as a circuit 
element varies with incident light 

Variation in capacitance due 
to change in dIStance between two 
p arallel plates by an externally 
applied force 

Variation in capacitance by change 
in the dielectric between the plates 

Variation tn capacitance between a 
fixed plate and a movable diaphragm 
due to sound pressure 

Variation in self-inductance or 
mutual inductance of an ac 

Displacement and 
pressure 

Force, torque and 
displacement 

Temperature and 
radiation heat 

Temperature 

Gas flow and gas 
temperature 

Relative humidity 

Photosensitive relay 

Displacement and 
pressure 

Liquid level, and 
thickness 

Speech, music and 
• noise 

Pressure and 
displacement 
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• Reluctance pick-up 

• oiffferential 
transformer 

• Eddy current gauge 

• Magnetostriction gauge 

Voltage and current 
• Photo emissive cell 

• Photo multiplier tube 

• Ionization chamber 

• H all effect pick up 

• Thermocouple and 

therrrtopile 

• Piezoelectric pick up 

• Pl1oto-voltaic cell 

• Moving coil 
generation 

e,<Cl ·t tic cirCUl 
magne_ . eluctance of the 
variation tn r . b changing the 

Pressure, displa 
'b . c:ell\~ 

ti. circuit Y •1 magne c . core of a co1 
vi r ation and p . llt 

0S1ij()l\ 

. . of the iron 
position :u ntial voltage 

. . the dUJ.ere 
Variation in windings by pos-
of two secondary tic core through 

. . themagne 
inorung lied force 
an externally app il b 

. inductance of a co y 
Variation lil ddy current plate 

• ·ty of an e the roXlllll . 
P . etic properties by 

Variation m magn 
the measurand 

. . n due to incident 
l tr n elI\lSSlO . 

E ec o the photo emissive 
radiation upon 

surface 
lectron emission due to 

Secondary e hotosensitive 
incident radiation on p 

cathode . 
ectron flow induced by io~~tion 

: as due to radioactive radiation 
g n· l difference 

Setting up of po ten a 
. -conductor plate when 

across a senu ti flux 
there is interaction of magne c 

with an applied current 

. (Active) Transducers Self-generating 
(No External Power) 

Pressure, force 
' displacement and 

position 

Displacement artd 
thickness 

Force, pressUre <Uld 
sound 

Light and radiation 

Light and radiation 
I 

photosensitive relays 

Particle counting, 
and radiation 

Magnetic flux, 
and current 

. of an emf across the junction Temperature, heat 
Generation. . f flow and radiation 
of two dissimilar metals o . . 
semiconductors when one 1unction 

is heated 
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g.9. TRANSDUCER CLASSIFICATION AND DESCRIPTION 

The transducers may be cl~ssified on the ~asis of their application (type and nature of measurand), 
method of energy conve~s1on, nature of Slgnal output, kind of sensing element mechanical or non­
mechanical, and according to whether they are self-generating (active or externally powered 
(passive). 

Self-generating and externally p owered units 

Self-generating transducers develop their own voltage or current. The energy required for this 
is absorbed from the physical quantity being measured. Examples are: thermocouples and 
thermopiles, p1ezo-elechic pick up, photo-voltaic cell, etc. 

Externally powered transducers derive the power required for energy conversion from an 
external power source. They may also absorb a httle energy from the process variable being 
measured. Examples are : resistance thermometers and thermistors, potentiometric devices, 
differential transfor111er, photo-emissive cell, etc. 

Input and output transducers 
Input transducers convert a non-electrical quantity into an electrical sign~l ~a strain gaug~ or 

photo electric cell) and the output transducers convert the electrical signal back m}to a non-electrical 
quantity (movement of pointer against a graduated scale). In be~een_ the input and output 
transducers, there is usually a signal conditioning equipment (amplifier, filter, etc.). 

I 
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ntals o l,een a rap . . . h nt a.... 10 1, t th 111e1:e,. 

SOI' JI FUndame there has th measured quantities mto t eir electri"4 9. . otentiome ers convert e linear rnotion 
d eloping technolosY:Stoconvertall 1J·ed recorded and processed i ~I flteS~ p resistance. Basically a resistive Pote Ii (ortheanguiarmotionofarotalh;lli'liiJi.1r., 

· Wi .. .,."" "' of..,,.... y t,, ,mp ' ' • ~, d>'',., "'.,.,.,;ed by the m~ementof .,,~tt:,:•- (.,. \>ot') ;, , - """"i 
licationofvarioustyf trical signal ma resiSta!lchea1ve strokes from 2 mm to 50 cm, while r::1anc:el eleznent.(Fig.9511,ll).T: 

apP The output e ec de0cess much 60 full turns. ona ones have a full scale ra-....: Ftri.i.:, analogs. . system. · d 'b• --~-o-.;,;-. 
1n5aumentatton . aspects while escn mg a Pattie io• to a e Resistance 

D-..,.;ption b t the following Ular I 1l'1l 1-----,,.... elemen1 Transducer "'.,...... ii ble a ou , 
lion must be ava a ured i e. the measurand Informa . . to be meas ' · ' 

, ____ ,1 cer: •able which IS h e the output of the transducer Orio;~ 
u-an:,uU • tity or van and w er o"•ates 

• the physical quan tion of the tran5d~cer tl to the measurand 
• the prineiple of opera . h espcnds direc y 

I ment wh1c r h . 1 
• the sensing e e ·a1 f tures (if any) ·mum values of the p ys1ca quantity the 
• the built-in spec _ea he minimum and maxi 

seful range, i.e., t 
• the u f measuring angular speed), the ab transducer can measure. (an instrument or ave 

DC tachometer With regard to a 
mentioned aspects ar~: . the measurand 

ed mrpm IS . 
- angular spe . . electromagnetic 

. . le of operation IS 

• prmcip . the sensing element . rransforms AC voltage into DC voltage output 
- AC genera to~ isthe special built-in feature; it O d 2000 rpm, i.e., the useful range is 0-2Qoo 
_ commutator IS 

I 
of speed are an 

. . um and maximum va ues 

- rrurum . . . "0-iOO0 rpm, DC output, commutator type rpm h be specified as • 
The DC tachometer would t '.;" 

. d transducer • 
electromagnetic spee NSDUCERS 

10 VARIABLE RESISTANCE TRA . 1 esistance of a metal conductor is 9. . . . uation for electr1ca r 
ln terms of physical quantities, the eq 

1 
R=p-

A • tivity or specific resistance (ohm cm), I is 
h R is the resistance (ohms), Pis the co

nd
ucto~:~nal area of the resistor (cm2). Any method 

w erhe . 11 th (cm) and A is the uniform cr~ss-b . fan electrical transducer. ln the variable the p ys1ca eng . . be the design as1s o . . b h • 
of varying one of these qu":"tl~es ~an f measured physical quantity is given y a c ange m the 
resistance transducer, an md1catton o 
resistance. 

Variable resistance lransducer 

t t 
Thermal resistance Resistivity change 

Mechanically van~ chan e (resistance (resistance slrain 
resislance (polenl1ometer) h g melers) gauge) 

t ermo 'th l'ght intensity (photo conductive effect) 
Further with some devices, resis tance changes w1 I 11· f'eld (magneto-resistive effect). 

' . h exposure to magne c 1 . 
1 while with others, resistance c anges on . d th ly on an external excitation vo tage 

. tr ducers are passive an ey re 
The variable resistance ans . f d . d sign simple and easy to use. 

H th y are straight- orwar m e • for their operation. owever, e 

Zero P<>1n1 

Arm 
Slider -Motion ----'---------J:... 

e, ------
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 I L 
Fig. 9.5. (a) Linear motion potentiometer schemaJcsravet -

e, 

I I I I 1-------, 

Resislance 
element 

a 

- e 
Fig. 9.5. (b) Rotary motion potentiometer schematics 

The resistance elements in common use are wire wound because that gives sufficiently high 
resistance value in small space. The characteristics of the resistance wire are: 

_ precision drawn wire with a diameter of about 25 to 50 microns, and wound over a cylindrical 
or a flat mandrel of ceramic, glass, anodized aluminium. 

_ resistivity of wire ranges from 0.4 µ!1-m to 1-3 µ!1-m, and temperature coefficient varies 
from 0.002% per °C to 0.001 % per 

0

C. With these values, the device operates with appreciable 
constant sensitivity over a wide temperature range. 

_ the wire is strong, ductile, and protected from surface corrosion by enamelling or oxidatio!L 
The materials commonly employed are the alloys of copper-nickel, nickel-chromium, and silver­
palladium. 

9.10.2. Resistance thermometers and thermistors 

Metals such as platinum, copper, tungsten and nickel become more resistant to the passage of 
electric current as they become hotter. Their resistance increases with growth in temperature, i.e., 
they have a positive temperature coefficient of resistance. For many practical purposes and within 
a narrow temperature range, the metal resistance thermometers depend upon the following 
relationship between metal resistance and temperature 
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R1 = Ro [1 + 11- (11 - lo)temperature (usually0oC) and cc is the t 

th reference 1 . em 
. esistance in ohms at e . tem erature measurements, p atinnurn is Pl!ratii 

w~~1s ~e :Sistance in •c-1. For pr_ec1selectri~al resistance characteristics Because of Ptefel't ti 
coefficient. o ~ . ally stable and has high e . ta nee thermometer has been used to acc1.1r '~ 
beeabil~tyit:,J ::~:itivity, the platinulmfrr;;sthe boiling point ofoxyger {-182.9 oq to thde~ne ~-
sta 1 ture sea e e "Ce 'it 
. ternational practical tempera ~itig 
m . t of antimony (630.S"C). . ductors (sintered mixture of metallic OXid pain . Uy senu-con 1. . es s 

Th 
•istors are essentia ) h"ch exhibit large non- mear resistance ch l.lch erm d nium w 1 £ . . ang a1 

se 
copper iron an ura h' h negative temperature coe hc1ent, The . es 1Yjit 

mangane , ' . hey have a 1g d b rrrusto "1 
temperature variation, i.e., t ads, disks, washers, rods an ~an e made as small as ts are 

n
ormally made in the form of be f h. h sensitivity very small size, fast thermal resp 111\.,_ 

h d 
tages o ig ' . onse f .''l 

Thermistors have t e a va~t to electrical readout devices. . . . ' a11\y 
low cost and, easy adaptab ty thermometers find extensive application as te 

Thermistors and metal resiStan~e easurement and control. ll\peratiire 
detecting elements for the purpose o m 

3 R · tance strain gauges 9.10. • esis . b don the principle that the electrical resistance of a 
Operation of thes~ gauge~ 1~::is strained by an external force. Under no load condci~•

nd
Uct0r 

changes when theresi5rance ede d" ectly onto the surface of the body or structure Which '.
0

11s,the 
gauge is bonded ffor cemefnte r bonded strain gauges are: IS being 
examined. The di erent orms O kin 

(i) fine wire gauges cemented to a paper bac g . . 
.. d 'd f ducting foil on an epoxy resm backmg 

( 11) photo-etche gn s o con . . 
(iii) a single semi-conductor filament mounted on an epoxy-resm backing with copper or 

nickel leads . . 
The wire grid participates in the sub_se~uent deformat_1ons both _m the spec(men and the 

. .,. 
1 

nt A tensile or positive strain increases the restStance while compressive or ne . 
res,s ... nce e eme . . 1 1 gative 
strain decreases resistance. Resistance gauges made up as sm~ e e ements measure strain in one 
direction only. A combination of elements, i.e., rosettes will however permit simultaneoui 

measurements in more than one direction. 
The s train gauge is a versatile device and finds application in the measurement of diffe 

d d
. 

1 
rent 

variables such as load, force, thrust, pressure, torque an tsp acement, etc. 

9.11. THERMO-ELECTRIC TRANSDUCERS 
When two dissimilar metal conductors are joi~ed at _the _ends and th_e two jun~tions are kept al 
different temperatures, a small emf is produced m the c1rcU1t. The magnitude of this voltage depends 
upon the material of conductors and the temperature difference between the two junctions. This 
thermo-electric effect is used in thermo-couples for the measurement of temperature. Any numbei 
of combination of metals may be used. Two commonly employed combinations are iron and 
constantan (an alloy of copper and nickel), and chrome! (an alloy of chromium and nickle) and 
alumel (an alloy of aluminium and nickel. 

9 .12. VARIABLE INDUCTANCE TRANSDUCERS 
These transducers are based on a change in the magnetic characteristics of an electrical circuit in 
response to a measurand which may be displacement, velocity, acceleration, etc. Before discussing 
these transducers, it is pertinent to become familiar with the following terms and definitions: 

- lnrl11ct1111ce or selfi11rluctnnce: When a varying current is made to pass through a coil, an induced 
counter emf results due to magnetic flux intersecting the turns of the coil. This effect causes resistan« 
to flow of current and is called inductance or self-inductance. 

···--••..,.v1 UIIICS::; 
\'Stems: Basic Co 

_ µutunl ind'.icta~ce : i:i,e term refers to the ncePts and Aj:ipftcat: 
ing flux field m neighbouring coil . set up of an eznf. 

to va1e/11ct1111ce: The term refers to that ~r circuit element tna coll or ma circ:u{telemeij 
~ Jllagnetic flux when a given rnagnet~m~:cterislic of a lnagnetj . 

tota eance. ve force is applied. R c _ctn:uit Whicli d 
pertll permeabiliti}= It is defined as the rati f ecPr6calofrefudancefi 

~ be f oo then ber •tions to the num r o magnetic flux !in um of flux !in 
,on:'irung unchanged). es that would occur if thees~ up in~ coil under'.given 
refll variable inductance tr~nsducers have the ad pa were air (othercOJtdftions-

d esponse to both static and dynamic vantages of freed fr 
o0 r • h measure om om mec'-·'-' 

g performance ,s, owever, adversely affect d b ments, continuous I . rnuucal hysteresis, 
'fhe ducers can be classified into self-gener ~ Y th~ external magnet: tdstion ~d high output 
u:aJlS • • a g (active) and ext c e · Vanableinductance 

12
.1. Act;ive units ernally powered (passive) units. 

g, · · hi hth Active uruts m w c e output signal. 
" d ti fi Id IS generated bee 
ductor an magne c e , and without th ause of the relatt· con . e supply f ve motion betw 
Th

e c-peration of self-generating inductan ° an energy from an ext I eena . . 
1 

. ce transd erna source 
1cnown pnnc1p es. . ucers depends upon the follow· . 

(1
~ When a conductor IS caused to move .th mg well-
,, h . . Wt a vel ·ty hr 

perpendicular to t e magnetic field, an emf is generatedC::o t ough a magnetic field in a plane 
ng the conductor [Fig. 9.6 (a)]. 

~ I Conductor 

I 
i 
I 

/ 
(a) 

(b) 

Fig. 9.6. Flux cutting : operating principle of self- . . . • . generating inductive transducers 
The relationship between the emf generated and thevel . . . 

generated emf, ~ is the flux density of the magnetic fi Id ~,ty IS given by : e = BIV where e _is the 
conductor velocity. Evidently when B and I . e ' is the conductor length and V 15 the 
along the conductor is then a measure of th ar~ m_amtained constant ea V. The emf generated 
this principle can be used for mea . ~ v~ ~,ty of the conductor. Transducers based upon 
angular speed, vibration and fluid ~~~~g ve oc1ties and are frequently used in measurement of 

(i0 When a conductor is l d · • . . the lines of fl d p ace m a magnetic field with its longitudinal axis at right angles to 
generated T~\ an a current is allowed to flow through the conductor, a mechanical force is 
the co d · 

1 
5 _orce acts on the conductor in a direction perpendicular to the lines of flux and to 

n uc or (Fig. 9.6 b). The relationship between the force generated and the current is given by 
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d · • e sure · g-co1 tng · Oh.. ' " an 'iSted is then a mefa st of the rnov1n . d t1·ve transducers are shown in F1· tnsh.. •• llS ll 
~.,ga k" g O mo . m uc g. 9 7 'tltttv.._~it 
~ for the wor in f the self-gene~at1ng d direct on a permanent core. When . . "Ill&, 

5orne examples o t' type a coil is wounpect to the magnet, the flux field exp a Plate of . 

In 
the electrornagne •~ l is :noved with_resl pplication of the device lies in th ands Otcolt11°llot 

tic matena ·1 Pracnca a . e an~ atx. 
therferroma~e. d din the co•. the teeth of a rotating gear, speed measu lar s --aq 
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aa• • When e "' , indication. cy ~ 
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Fig. 9.7. Self-generating variable inductance transducers 

In the electrody,,a,,,ic hJpe, there is a movement ~f the coil or :onductor ,vi~hin the field of a 
pem1anerlt magnet. The turns of the coil are perpendicular t~ tl1e 1nter~cct1ng lmes of f~rc.e. ~ 
111ovement of the coil induces a voltage ,vhich at any n,oment 1s propor~tonal to the velocity of IN 
coil. Tl1e principle of electrodynan,ic transducers 1s used 1n the 1nagnct1c flov.· meters. 

9.12.2. Passive units 
Passive units in ,vhich the n1ohon of an object results in a change in the inductance of the coils 

of tl1e transducer; energy is required to be supplied from an external source. 

pe inductance transducers operate O th 
p0ssiv.e ty current i (amperes) passes through n _e foll<>wing 
(Q ~n;:: ~ (Weber) is generated a coil haVingN 

11rtet1C 4> a Ni or N' _ 
1llif I - s+ 

rt aUed the reluctance of the coil. The rel . 
e S js c uctance IS also prescribed by 

\\fi,er 
5 

= 1 relati 
µoµ, A 

A == cross-sectional area of magneti . 
c ctrcuit (m2) 

l == length of_ ~agnetic circuit (m) 
µ

0 
== per~eabil1ty of free space = 47t x 10_7 H 

µ == relatively per1neability of the f /m 
, . core o the .1 Th 

the core material, and for airµ = 1 coi · e value ofµ de d 
r • r pen s upon 

Magnetic flux ♦, turns N 

• 

' 
o------e-____ _ 

Fig. 9.8. Flux linking: operating principle of pas · • d . s1ve 1n uct1ve transducers 

(
·i\ The coil inductance is a measure of the magnitude of m ti fl . . 
'', agne c ux and IS def med as 

L= ~$ 
1 ... (9.3) 

,vhere ~ is the magnetic flux density. 
Combming equations 9.1, 9.2 and 9.3, ,ve obtain 

L = N2Aµoµ, 
1 henrys ... (9.4) 

Evidently the self-inductance_ of ~ e coil is dependent upon the number of turns of coil, the 
geometrical conf1gurahon of the c1.rcu1t and the permeability of the core. 

Variable _inductance/reluctance lTansd~cers are constituted of magnetic field and core such 
that~ gap ex1sts b~hv~en the core a_nd the ~xed coils. A change in the reluctance of the magnetic 
orcu1t by a n1echarucal mput results ma similar change both in the inuctance and inductive reactance 
of the coils The change m inductance is then measured by suitable circuitry related and to the 
value of mechanical input 

Reluctance of the magnetic circuit may be altered by affecting a change either in the air gap or 
in the amount/ type of the core material. Transducers that make use of an air gap change are known 
as rel11ctn11ce hJpe and the transducers utilizing a variable core permeability change are referred to 
as pen11en11ce type. 

. Variable rel1,cta11ce trat1sd11cer: Figure 9.9 shows the variable reluctance transducer in which the 
vanable air gap serves to alter the inductance of a single coil. The change in inductance may be 
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r· Fi re 9.10 illustrates the vanable permeance trans 
Variable pennearice tr~,1~d1,c~ . ~ by varying the amount of core material. Th ducer \iiheri 

the inductance of the coil is c :!:e wound on a tube of insulating material with : :ange~ 
consists of a coil of many turnS ovab}e~ 

of magnetic material, . d d the core enters the solenoid cell, the inductance of the .1. ' 
As the coil is energize an f etal within the coil. A pickup of this type is used co~ in~~ 

in proportion to ~e arn;::c~ r:asurement. prtntan\y I~ 
displacement, strain an 

Armature ----. Motion 

I 
Exciter---.. ,____-----.J_J 

Meter _ Exciter Nrgap 

Core movement 

------- _l-----"\ .. 
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A B Tom~a~ 
Clrcui\ 

Fig. 9.1 o. Self-inductance variable Fig. 9 .11. Mutual-inductance arrangement 

permeance transducer 

Figure 9.11 illu~tr;\ tes a form of two-coil mutual inductance transducer. Coil Ai~ the_energizir~ 
coil and Bis the pickup coil. A change in the position of the armature by a mechanical mputal!fil 
the air gap. Tlus causes a change in the output from coil B which may be used as a n1ea5ureoftu 

armature displacement, i.e., the mechanical input . 

Mechatronics Syste . . 
. ms. Bas,c eonce~a ancr 

•inear-variable d1ffar.ential tran f 
, 3. .. • armer (U,DTJ 

g, 1 • f tl,c most useful variable inductan 
one O 

5
1,own sche111atically in Fig, 912 ~ transducers is the 11----- v .. ..i,.:1:..1 ~-~ .. 

f rJ1ler . · · ·,-ne devic '--- ua..:ar: ana111e ul.Ui 
tratiS .o s with tl1e magnetic core free to move inside the e ~IQ one primary and two ~ ;i"~~ 

._-.,j(ld1~~}lich the displaceme~t measurements are to be ;:~s. The core is attached to the==-~ 
Farto winding, the magnetic fl ux generated by lhi .. ~ WhenaccurrentissuppUedtoJ 
r,rifllar}' e induced in the secondary coils. The s ds coil ,s disturbed by the ~-... 6.o·•- that 
r es ar . econ ary Wi d' --u--141e 50 
voltag 

1 
nd are connected m phase opposition 50 th t n ings are svw y P'""-·d are 

tica a f h a emfs ind d • a.;c ,. 
idet' 'f,he net output rom t ~ ~ansformer is then the differ uce in them are opposite to each 
0wer, windings. The postt1on of the magneti ence between the voltages of the two 

da!Y · l c core determin h 
5ecori_ When the core 1s paced centrally, equal but 

O O 
• est e Rux linkages with each 

wiJ'ld~g~ and zero output is recorded. This is termed a!ih site emfs are induced in the secondary 
... t1diJlg . e balance point or nun pos'ti 
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Fig. 9.12. Variable differential transformer 

s, 

A variation in the position of the core from its null position produces an unbalance in the 
reactance of secondary windings to the primary windings. The voltage induced in the secondary 
winding towards which the core is displaced increases. A simultaneous decreased induced voltage 
results from the secondary coil. Thus, upon displacement of the: armature, the result will be a 
voltage rise in one secondary and a decrease in the other. The asy·mmetry in the core position thus 
produces a differential voltage E0 which varies linearly with change in the core position (Fig. 9.13). 
Small residual voltages resulting from certain stray magnetic and c:apacitance effects may, however, 
not cancel and the output voltage may not necessarily become ze.ro at the null position. Figure 9.13 
(b) represents an enlarged v iew of the residual voltage when th·e core is at the null position. 
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fig. · · d f · •table in a broa range o sizes and ar . 
f ers are avat . e W1d I 

Th 
differential trans o~ . ty of applications. Some important charactersti e y u ... 

e ment m vane cs an(\~~ 
displacement measure_ lacement sensors are : . . ''-Iii:, 
f the LVDT type of d1sp f b . ation and installation, rugged and dUl:abt 

o . ease of a nc . econs 
• simplicity of design, . d' lacernent ranges available from 2 x 10--4"' ' 

d. 1 cement, 1sp .. , toos 
• wide range of isp a . continuous (infinite) resolution and linear elec . IT\ 
• high output, low hYsteresis, ted by linear mechanical motion lricaJ res,.._ 

0 5%) when actua ~ 
(linearity better than . d no wear of moving parts 

. . 1 ting force an 
• neghgib e opera ti' larly sensitive and must be excited with ac nl ·snotpar cu o y· . 
The device, however, 1 ltage is limited by the current carrying capacity 1 '~la!i:i, 

frequency 50 Hz to 20 kHz. Input vo o thepti~ 

coil. quantities which can be transduced into disp\ 
Typical meas~eme~s :e a:ce and liquid level. The disadvantage lies in the ar::e~~t~ t~ 

pressure, accelera~on, v1 ~~ ~n, reciable mass in comparison to strain gauge. o l~ 
measurements as its core 1s O app 

9.13. CAPACITIVE TRANSDUCERS 
A capacitor comprises two or more metal plate co~ductors separated by an insulator. Asvo\tagi, 

I . d th I tes equalandoppositeelectncchargesaregeneratedontheplatesCan.w.... app 1e across ep a , . • , . ......, 
is defined as the ratio of the charges to the applied voltage and for a parallel plate capacitorisgnc 

by : 
A 

C = eo e,t (N -1) farads 

where A = overlapping or effective area between plates (m2
) 

t = distance between plates (m) 

N = number of capacitor plates 

e 0 = pemlittivity of !fee space= 8.854 x 1012 F/m 

e, = relative permittivity (or dielectric constant) of the material between theplatts 

The value of e, depends upon the insulator material and for air e, = 1 

Mechatronics Svste , . 
. ms. Basic~ 

Y
li.f\drical capacitor, the capacitor is 

fora c 

C,. Eo e, ~ farads 

log,l~) 

where I = lend~th off ~verlappl'.ng part of cylinders (m) 
r = ra 1us o mner cy mdrical cond 
1 f uctor (m) 
r = radius o outer cylindrical cond 
2 uctor (m) 

P
acitive pick up operates on the principl f . p. ca . e o a vanatio · 

. 1 quantity being measured. The capacitan n m capacitance prod---:.,...""'"" 
h 51ca . . . ce can be mad t -- w1 ""' p Y . errnittiv1ty (d1electr1c constant) e the effecti e O vary by changing either the 

relatille ~hanical displacement is generall; measured ~e are~ A, or the distance between the plates 
/. The :y either change in area or by change in distance i:ting the change in capacitance brought 
ab<>ut d to measure changes in liquid or gas levels. een the plates. The change indielectrie 
iS use 

F
. ure 9.14 represents the elementary diagram of th 
1g . ch e two arrangements f _.Aucerwherecapac1tance angeoccursbecauseofch . th o a capacitance 

tf<ll '_""' tly proportional to the effective area of the plate ange m e area of plates. Since capacitance 
iS duec s, response of such a system is linear. 

Fixed 
metal block 

- -------

\ 

,_ -----------

Moving J tube 

CI ______ -------o~ 
----------:r--

Outpul J 
(a) 

Max 

T 
8 
C: 

.\'l ·g 
C. 

<'3 

1~----Min 1--- Displacement -...../ 
Min Max 

(b) 

Fig. 9.14. Capacitance transducer: area change 

Figu~e 9 .15 represents the basic form of a capacitance transducer utilizing the effect of change 
o( capacitance with changes in distance between the two plates. One is a fixed plate and the 
~1splacement to be measured is applied to the other plate which is moving. Since capacitance varies 
mversely as the distance between the plates, the response of this transducer is not linear. 
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Fig. 9.15. CapaCI ·s hcen,ents ns sn,all ,,s 2.5 .· 10-• n, and PtOdu 
. transducers can lietect di~ P' dlt ~ers h,1, ,e tl1e nli,•,1n tages of: ce a Capaotance ~ pacita11ce trans c - ••• . • 

asurable signal. Parallel plate ca . f enc\" response (111) good hneantv output (fo) ~b·t· 
me (i\ • fabrication (ii) e.xcellent h_i~h re<.1du ( •) ; relati,•el)' Io,,• initia l nnli n1aintenance c _11~· ,, eas~ . quant1t1es, ,1n t ' Ost. to measure static and d)'nan11c ' 

EXAMPLE 9.1 -~------:f-p~a~ra:-;l~le:;l:p~la~t:e~c:a;p~ao~·~to~r~i~s ffilil~le~d~b;y~h~v:o~d~ie:;l=ec~tri ... 
The 3 en, region behveen the two plates o a c 

layers : t 5 and 
(•1 1 en, thick with dielectric constan , 

• · h di Iectric constant lO, · . 
(it"} 2 cm thick wit e . ·uivi (dielectric constant) of a n,atenal which gives th, 
What would be the relative pe~t h ty . on behveen the plates? 

same capacitance if it completely fills t e r~tgt , ,-
1
th space bet\\'een ad1acent plate<; filled 

• 1 11 I plate capac1 or ' ' 
Solution: For a multip e para e ' . . tants e , e , .... e 

3 
and ha, 1ng respecli\'e distances 

,vith different n1aterials ha,iing d1electr1c cons r:l ,_ r 

C = t1 f? t3 
~ - -+---'----=- . . 

Erl e,2 e,3 
Substituting the , ralues from the gi, ,en d ata, 

e0 A _ e0 A 
C = 0.01 0.02 - 0.004 

--+--
5 10 

Let er be the dielectric constant of the single n1ediu m \.vhich c~mpletely fills tlie gap of 3 en, 
between the nvo parallel plates of area A and gives the same capacitance. Then 

A A 
C = EoEr t = EoEr 0.03 

Equating the capacitance values given by expressions (1) and (ii) 

That gives: 

e0 A A 
= EoE, 

0.004 0.03 

E = r 
0.03 = 7.5 

0.004 

... (ir) 

Mechatronics s 

pLE 9.2 
e,>IA . e transducer using two quartz cllaphral'-*•• 

,apacittV 5 a capacitilllce of 350 uP. Whe1t a 'Pit ofll'ealDj 
/.( 4 "'"' ha a deflection of 0,75 DIDI is Prudlleed. w-:_ flt t 
o hragtnS, t tlie 
di'P 
ys~II'· 

s • • acfore application of pressure : c; ,. Eu e, ~ 
50111t10l1• f 1 

A ,tication of pressure : C, = Eoe, -
AftcraPF .. t

2 
. C = 350 iLF; t 1 = 4 mm and t2 = 4 - 0.75 • 

3 25 Gi,,1!11 . 2 • nun 

• 
•• 

..,e in capaci ta nce . Ch.1ng 
• • 

4 
C., = 350 x- =43Qn .,c .. 3.25 · tu· 

L\C == c2 - c
1 

== 430.n - 350 = 80.77 uF 

PIEZO-ELECTRIC TRANSDUCERS 
g 14· h 

· ,lectricity represents t e property of a number of crystalline materials that ..__ :.1. 
Piczo-t: 1 an electric charge o r p otential difference ;- cause u-. a,aal; 1e,•e op h . 1 f Force to l _ b·ected to mec an1ca o rces or s tresses along 

,\·h~fi:u lanes. Con,·ersely, the CT)'Stal ,,•ould undergo ~-i.~-;~~;~-rr~~-,.-"-,w-.., -.. -.,. _.J 
spCCl rn thickness (and thus produce mechanical Output.,~(2~~~~~~~x,~~~~~~ "-cha~~) :,,hen charged electrically by a potential voltage 'VV\IV\AA, · \ 

fo~c.e- e "'pplied to its proper axis. Elements e.xhibiting .}~ dilf erenc ,, . . . 
. lectric qual1t1es are somctin1es kno,,'l\ as electro p1ezo-e_ .. 

restrict• ve e I emc n ts . . Fig. 9.18. Piezo atedric lranedu..er 
A t)•pical n1odc of o~era t1on o f a _p1e~o-el_ectric 

device for n,easu ring ,•a11•mg force a ppl1ed 1n a s imple plate is shown in Fig. 9.16. Metal elecbodes 
ttached to the selected faces of a crystal in order to detect the electrical charge developed ......._ are a . . th . d d h . &111:' 

:nitude and polar1t)' m e m uce c arge on the crystal surface is proportional to the maon;.._a_ n,ag h 1· d f d . . b o-••-.;, and direction of t e app 1e orce an 1s given y : 
Q - KF 

- ... (9.6) 
,,•here Q 1s the charge in cou lomb, Fis the impressed force in newtons and I( is the crystal 

sensiti\·il)· m C/ N; it is constant for particular crystals and the manner in which they are out The 
relationship bet,,•een tl1e force F a n d the change 6t in the Cl'}'Stal thickness tis given by the stress­
strain relationship. 

s tress F/A 
Young's modulus= strain ; = Y = ot It 

ot 
F == AY-

t 
The charge at electrode gives rise to voltage, such that 

Q 
V =­o C 

\vhere C is the capacitance between electrodes. Furthermore 

••• (9,?-) 

... (9.8) 
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A 
C. eoe, I fari\dS 

. ns we obt.1in : 
~., ... ,uallO , 

,-.-,bb,\illg the a.,.,, .. ., K F 
u,ue -r-=gtP 

Vo .. Eo'=r A 
.. ··t. in vrn/N and Pis the applied pressure. ··{9.~ 

I 
, scns1h\ I) ln 1'1/ l J 

bere g is the crystah·o ta&'=· . f . , o-e\ccttic crys tals: (0 na tural crystals su h ll\ . 
" lhete are two main gtoup!i O l~ Roche\\csa\ts, lithium sulphate (lS), am; ~s <\%1z 
. ____ .. ,;,..._ lii) synthetic ~-s~.1\s ~u , t a tr.1te (EOT), dipotassium tartra te (D1rr\ et 

0
~a dihy" atq 'lOlll"___ th \ft"e d1;inunc ar . f . \ " • , c. 'ne " t<lo 

~telADP),e Y ~· . chosen on the basis o a partlcu ar app\icati adval\ ·&tti 
""'"' ftotnctVW toayst;i\ and_o,ne ist ric acid is most active e\ectrica\\y on.1'ou.rlll.i:\~g~ 
•-, : ch . a\h' whi e tar .i . 'Ile· the \east active enuc - . , \ v e\ecttica\ leakage when used with very high. I\ 

t Is have a' er) 0' · u,put · • Natvnil crys a -ent of a slowly vary mg parameter. They are th ltt\""d 

d 
·t the measureu, • , eref ,.._ ai,,.. 

arnplifieisan pertnl tures· operating a t \ow frequencies and sustainin Ore,~,,,'" 
..... d" higher tempera ' . g sh0c'-- .... ~ 

of W1u1:>tan mg h·b·t a n,uch high output for an applied stress and ar I\S. 

J 
~ rru·tals e.x i I e abo • Synt , . .. c ~- ~~ than natural crystals. However, they are usually unable, to w· Ut lho11sa 

times more sens~t1,e_th t fracture. further, the s'j'nthetic crystals have an ac 1
1
lhstal\d l,~ 

mechanical stram wi ou ce erated '"&h 
deterioration over the natural ones. . . rate ll( 

. d ta es of piezoelectnc transducers are. 
The ma1or a van g 
• high frequency 1espanse 

• high output 
• rogged constrUction 
• negligible phase shift and . . 
• small size The small size of the transducer \S especially useful for acceler · 0 meters 

added mass will mechanically load a system . Whttt 
The piez.o-electric unit, has the disadvantage in that it cannot measure static c d' . . Wh . on itions 

that its output is affected by changes in temperature. en an mstrument is electrical\ ¾I 
to measure the electrical charge generated, it is slowly dissipated through the intern 1 y c~l\l\ected . d f . a res151ar,c 
the crystal, i.e., the charge decreases over a per10 o time. 'Because of this character·ist· h ell( . d 1c,t epi 
electric transducers have a poor steady state response an as such are used mainly fo ~ 
dynamic quantities tparameters varying rapidly with lime). Special amplifiers with v r :as~g 
impedance (10u to 10H ohms) can however, be used to measure the static or quasi-st:?' gh~put 
but that makes the measuring system increasingly expensive. c quantities, 

Applications: Piezo-e\ectric transducers are most often used for accelerometers 
and force cells in that ordet . 'pressure ceth 

EXAMPLE 9.3 
1:' qu~ crystal having a thickness of 2 mm and a voltage sensitivity of 0.05 Volt-m/ newton 

1s. s~b1ected to a pressure of 15 x 105 N/m1• Calculate the voltage developed by the piez0-tleclrlc r~~
11 

;y;_nd the charge sensitivity of the crystals. T ake the permitivity of th e quartz as 405, 

Sol ti Th u . on : e output voltage for a piezo-e\ectric pick up is given by 

(
b) = 0.05 x 0.002 x (15 x 105) = 150 V 

Charge sensitivity = E E g = E 0 r g 

= l40.5 x 10-11) x 0.05 

= 2-025 x 10-12 C/N = 2.025 pc/N 

echatronics 8 Yltefna: Basic 
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. pHOTO-ELECTRIC TRANIDUCE ~ ""'" 

9. • c tranduccrs operate on the principle tha Ill 
'fllt.:S\1.1 c may be generated'. a resistance c t when lights 
.1 .,,o . gcells are used for a wide variety of hange tnay take~9Pedal 
c1cetriC in e lCposurc meters used in phot purp0ses incontr r--or~~ 
Je"1i~:;1 power for rocke ts and satellit~~aphr-lheyare~~far­
cleC d.,,antage tha t they do not involve a sed ln space rese"~ lllaolarl,aM..L.c. the il , • f be f . ny contact bei ..... n. Phn.- ... ~ -:-:--• 

·oterrupt1on o a am o hght. Furth ngmad ~-=-~- d 
jllst~ted to operate with infrared radiation;~, the light does ~ththesystem~~"CW 
sel~ssi"e (photo tube), pho to-conductive a d oto-electnc transd have to be visa'ble: ..._ 
cfl\l n photo-vo\ta. ucers can be ' -, 

9 15
. 1 . Photo-emiss ive cell ic cells. 8fOuJ)ed inlet:~ 

· 'fhese transducers (Fig. 9.17) opera t 
d I

. h e on the ph t . 
aterials are expose to ig t, electrons are . o <M!mtSsive eff • 

f1' light information - cu e~1tted and a current fleet, ~.t., when certain types o( 

...i.e ligh t sensitive photo-cathode m rrent information ow 
15 

produced. 
1" ay cons15t f 

cesiutn dep0sited by vaporization onto an oxidiz o a_ very thin filmof ~ 
t
rikes the cathode, causin g the emiss· f ed silver base. Light QlaasU!e 

s d h ton o electr 
attracted towar_ s ht e anode. This phenomenon p odns which are 
lectric current mt e external circuit· th ro uces flow of e .k. th , e current be' 

radiant energy stn mg e cathode. mg a function of 

There exist three separate types of photo-e . . 
vacuum single cathode, the gas filled and the ffilssi~e ~ells; the high Photo 
high vacuum and the gas filled tubes b multiplier tubes. The ::nc 
cathode and anode are enclosed in a gla are 

0th 
d iodes where the ent 

d 
. , ss or quartz 1 

is either evacuate or filled with an inert as ~nve ope which 
the extent of the vacuum and the k d g f ·. The difference lies in 
multiplier tubes use the principle of se~:n:a mert_ g~s. The photo-
consists of a series of reflecting electr d ry emission . The device Electric 

Anodt 

lify th 
• • al o es, called dy d current 

amp e ongm output current. The d n no es, which - + 
the electrons making a dynode prod fuy odes are so arranged that Fig. 9.17. Photo u,e 

· d \ uce rther electr • . 
enutte e ectrons can be increased and hi h . on em1ss1011 from the d od 

g gams made possible by photo-:\ti;li-: number of 

E3 

w· • Fig. 9.18. Photo-multiplier tube 

ith reference to Fi 9 18 are _focussed onto the i• ~d: voltage E! a~celerates the electrons emitted by cathode C and these 
which subsequently ti D1. Each mc1dent electron causes emission of secondary electrons 
lo generation of curr~:t ~-cussed upon dynode D3- Finally these are attracted by the anode A leading 
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_,,Ftl~ _,,.iacdW9 Cell 'fhey operate on the principle of photo 
1. 11.1. •P11•.0•1:a1toC11•_ .. L, resis~ tyallSducefS· aterials change their resistance when condllctiv 

--arethevana111e ·.conductor m exp~ e 
11-- ....cial type of seJill d to 

effect, i.t.. some s.,..- . ---+ resistance information 
Ughl linntinforroauon r,-· ction and electrical circuit of a phot0-c 

. 919 shows schernaticallY the c~~~:adroiUtll sulphide, cadmium selenide, geonductive 
Figllff . . . material usually employth ... ,o electrodes on a glass p late. Further thllna.l\llltti 

cell The ,e1151ttve . between e '.. . . th , e cells ' 
· • f of thin coating . d are put in senes w 1 an ammeter a.nd ate 

etc 11\ the orrn . bl es1Stance an th . d . a. Vo\ ·• th orcuit as a vana e r d tor material, ese 1s a ecrease m the cell lage 
used inWhe n the light strikes the semi-con ~~dicated by the ammeter. resis~e 
source- e . . in the curren 
thereby producll\g an 11\etease Light 

♦ 
I 
I 
I 

I f'h<>\Q-eleclriC 

e current 

Electric 
current 

'-------:_:1 + 
Battery (auxiliary voltage) 

Fig. 9.19. Photo-conductive cell 

Metal 
Non-metal 
(e.g., sem1• 

,---t--1<~;,.+...co:::'..'nductor) 

PhOto- \ 8 
electric \ 
current 1 

; 

Boundary 
layer 

Electric 
current 

Fig. 9.20. Photo-voltaic cell 

9.15.3. Photo-voltaic cell 
These transducers operate on the photo-voltaic effect, i.e., when light strikes a junction of certain 

dissimilar metals, a potential difference is built up 
light information ---t emf information 

The cell consists of a metal base plate, a non-metal semi-conductor and a thin transparent 
metallic layer (Fig. 9.20). Typical examples of the layers are _the copper oxide on copper and iron 
oxide on iron combination. The transparent layer may be m the form of a sprayed conducting 
lacquer. Light strikes the coating and generates an electric potential. The output is, however, low 
and is non-linear function of the light intensity. In contrast to photo-tube and photo-conductive 
cells, the photo-voltaic unit is self-generated and requires no voltage source to operate it. Further, 
it need not be operated in vacuum or gas rilled envelope. The most common application of photo-

voltaic cell is in light exposure meter in photographic work. 

9.16. HALL EFFECT 
The Hall effect relates to the generation of transverse voltage difference on a conductor which 
carries current and is subjected to magnetic field in perpendicular direction. The current may be 

due to the movement of holes or that of face electrons. 

~----<11 ,jj• 
. Fig. 9.21. Han effect I 

0 
fer Fig. 9.21 which shows the schemati f . .-e . . c o a cu • . 

(r) the Hall_ strip carnes a current/in the x-dir _CUit W~ch produces 
z-d irection. ection and IS subiected the Hau effect Heie 

(ir) the thickness f of the strip is very small tomasneticfieldBinthe 
iir) the voltage E is setup in the transverse 

0
~ co~pared to its length and . 

( to the current I, field strength Band • y-duection. This volta . Width. inversely p . ge IS ,1, __ ., 
roportional lo thick wu=iy ~ 

E = K BI ness t of the strip Tha 
1 

· tis 

The proportionality constant K is called the Hall . 
effect coefficient. T akin th 

fJUX density in Wb/ m2 and the thickness of stri . g ecunentinampae, 
p m meter, the units f vm3 

The notable aspects of transducers opera tin ° K work out as _ 
(r) The Hall effect is present in metals / on ~all effect are: AW• 

upon the densities or mobiles of c: senu-conductors in varying am 
. • d 1ers. However th H ounts d.........i;.... 
m serru-con uctors than in metals , e all effect is ·r--'6 

· ' more Pronounced 
(ii' The magrutude of current flow m· th . . . '' e cucu1t IS r · ed temperature rise. mut by heat dissipation and . 

(iii) The Hall effect transducers are f permissible 
resolution. 0 non-contact type, and have small size and high 

The Hall effect transducers are used : 
(n) to determine whether a senu· c d . • on uctor IS of N-ty 
(b) to measure either the current or th tr pe or P-type. 
(c) to measure the displacement wh e_t engt~ of magnetic field, 

by variation in the geometry of ~~e i is pos~1ble to change the magnetic field strength 
e magnetic structure. 

Pennanent r:::~;~p=~ 
t r·~~+~ ~~ 

".::::~:::~ b -
Fig. 9.22. Hall effect displacement transducer 
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,;;;;-iil~~~:::~~=-:~~:n~;;itirariscl~:!:_~:~:',~ror. tr\ ~ I ffect trans u e easurel'l\ 
,----.. ..... --= ement of Hal e_ ferrous target whose approach cha et\t <>f 

9., lhOWI the a~nu~ty pick up requullesfafect element is located in the gap a/ges tht 
- ..... :e proxt . The Ha e . • al • Jacent 
~l ...... tic circuit. f rromagnetic ma ten 1s moved With ta 

~~ ol an internal magne plate of iron or other th: permanent magnet changes. That p s11sl>ect 

~tmagnel ~;f~eld in the gap d;e 
1
~acement of the ferromagnetic plate Wit{~dllces 

:ethestructure, the~~s a measure of the isp . . esl>ect 
theOUtputvoltagew loyed for measurmg displacement as 

5 
to the str11cture· been successfully emp l'l\all as 

ment has Thill arrange 

o.02Snun-
REVIEW QUESTIONS 

. al questions : d · 
al and convention I areas under its omam. 

A. Conceptu cs? List the main techni~a I tion of the discipline of mechatron,cs. 
1. What is mechatroru f the different stages ,n the evo u 
2. Give a brief account o . system operate? 

echatromcs 
3. (a) How does a m arnples of rnechatronics systems .. 

(b) Give a few ex . . of mechatrorucs . . 

M ti a few industnal apphcations . • Comment on the validity of this statement. 
4 en on ul . disciphnatY subject. . 

•Mechatronics is am ti· . bionics and avionics. 
5. . th t s autotron1cs, ' . t . "d d f 

Def and explain e errn . -based design concep 1s cons, ere undamental 
6. me . vhere the mechatromcs to 
7 Mention a few domains , 

engineers. or and a transducer. 
8. Differentiate between a sens 

9_ Distinguish between: 
(i) active and passive transducers, 

(ii) input and output transducer.;. I 
·th suitable examp es. 

lllustrate your answer w, . . f w effects to which the principle of transduction can be attributed. 
0 What is meant by transduction? List a e . 

1 . ct· dvanta e of mechantronics systems. 
11. List the advantages and 153 g k 1 ments of a typical mechatronics system. 

h h tic arrangement of the ey e e . . . 
12. Draw t e sc ema e classified? Explain their importance man mstrumentahon process. 
13. What are transducers and how ~ret Y d r.; where there is a transduction from (i) force to displacement 

Givesomeexamplesof~echamca trans tu~. placement (iv) fluid pressure to displacement. 
(., l ·ty to pressure (ui) temperature O 15 11

1 ve oci th . ore reliance on electrical/ electronic techniques of measuremenL 14. Inmodernmeasurementsystems, ere 15 m . 
1 

d 
List some advantages or electrical transducers over mechamca ~ns uc_ers. - . 

. d t e teach of the following vanables mto electrical signals: Suggest a suitable trans ucer o conv r 

(1) pressure (ii) force 
(ii,) acceleration (iv) angular speed of a shaft, and 

(v) liquid level. 

Indicate in each case the measurements involved. 

15. (n) Distinguish between: 
(1) active and passive transducers and 

(ii) input and output transduceer Illustrate your answer with suitable examples. 

(b) What information is needed to describe a transducer for a particular measurement? 

(c) Explain the major considerations which govern the selection of an instrument transducer. 

16. Explain the use of wire wound potentiometers for the measurement of linear and rotary motions. Point 
out the advantages and limitations of such transducers. 

. theva " pnn VOvedinlhe_.,~ 
i:,cpla1n ~ r~•-ci(--.,•c:: 

ducerS- f. d . •~ 
tr.ins sential features o m uchve and capadtiv 

·ve the es e ~ 1...... 
G1 . lacement. W,""'llled"fcir 
f d1SP . f · . 

o ,:-ibe the prinaple_ o ~peradt~fofn of hnear variabledjff-.,_, i.-....c.._ 

oeSC ed the secon~ar,es m a , erential mode? ldtmtify-~~ ---UIUlel'."W!iV-tt 
1S· (a) conl' the typical mput-output graph. U\put and.output of 1bit 

5\(etc~ the use of a linear variable differential tr f -
\a1n bs • ans OtrnerLVDr• 

(•) l:JCP u·aJ across an o truction meter placed in fl .d fl •orlhe-.. ,-._. 
" differen . . u1 ow through a -=---of 

·t,e the principle of operation of a piezo.electn pipe U-. 
oesct' c transducer. Identify 

9 (a) e sys tern. . the lnpat1nc1 Clldput.of; 
1 · th . some natural and synthetic materials that exh·b· . 

r-,{entJOn . . I lt p,~ef 
(b) th difference in the pnnaple of operation of a ph lo-1! • • feet 
l:J(plain eltaic cell. Give the applications of each of theseo lls m1Ss1veceU,a ~llttivecell-.. 20· hoto-VO ce . _ 
a I' th different parameters of a parallel plate capa ·t th 

uon e . p . c1 or at may vary to bring 
t,1en ·iance of the device. omt out the physical variable Iha . aboutacbanp1n 

21· tJ,e capac1 riation. t IS usually measured by empi.......... 
ti·cular va -,u'5a par 

. the blanks with appropriate word/words 
fill lJ\ . 

8- nsducer is a device that converts the measurand ·int 
(
ij p.tra . oan __ 

Th energy conversion process that takes place in a transdu . f 
(iij e . cer 1s re erred to as 

__ ring is a mechanical transducer converting force to - • 
(111) p.sp I -· 
iv) passive transducers re yon an ____ for their operation. 

( The capacitance of a parallel plate capacitor can be varied by h . . 
(v) or the . c anging either the - or the -, Piez.o-electric transducers are made from natural crystals such a 
(1111 h s - or synthetic crystals sue as ___ _ 

(vii) Photo-electric transducers produce electrical signals in response to changes in the-· 

AJISWers: 

(~ optical, mechanical or electrica! signal; (i_1) transduc~on; (ii~ displacement; (iv) external excitation volta , 
(o)relative perrruth~•~, over!app1~g ~effectl~e area), d1Stance between the plates; (vi) quartz and Rochelle: 
lithium sulphate; (vii) intensity of mc1dent hght. t, 

C. Indicate true or false in respect of the following statement. If false, into the conectstatement 
(ij High value of pot resistance leads to high sensitivity. 

(i1) Capacihve transducers used for the measurement of liquid level operate or the principle of 
capacitance changes with change of distance between plates. 

(iiij Lmear variable differential transformer (L VD1) is an active transducer working on the principle of 
variable resistance. 

(iv) When a static force is applied to a piezirelectric transducer, there occur oscillations in the generated 
electric change. 

M Piezo-electric transducers produce an emf when external magnetic field is applied across them. 
(vij The abbreviation LVDT stands for linear voltage differential transformer. 

(vi~ Piezo-electric crystals are used for the measurement of static as well as dynamic changes. 
(vii~ Hall effect transducers are highly sensitive to temperature variations. 

(i.t) Photo-conductive transducer is a light controlled variable resistor. 

(x) The photo-voltaic cell converts the light information to resistance change of the electric circuit. 
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(i) True- f dielectric strength 

D, 
t. 

l 

3. 

(l1) Flllse; c1,ange o utual inductances . . 
.. Falle. principle of"' decreases over a penod of time. 

(01) ' ted electric charge . 
(iP) True; the genera I echanical force is apphed 

al 
. hen externa III f (11) F se, w . differential trans ormer 

(171

~ false; linear variable ·d rs have a poor steady state response and as such 
,, . 1ectric tran:, uce are 

(viij false; the ~aez:ye r,amic quantities lls\!d ll\ai111 ~-~~ I 

(viiij True 
(i.J) True . 

11 
the light strikes the junction of certain dissimilar metal 

. hotovolta1c ce , sand 
(x) False; an a~ . . the electric circuit. a Pot ... 

difference is built up in -''llll 

M lti le choice questions : . u P . . th t refer to self-generating transducers • 
Printout the device/ devices a 

(n) resistive 
(b) capacitive 
(c) piezo-electric 
(d) thermo-electric 

Th 
. tr ducer which can be used for linear or angular velocity measurements d 

e actave ans C!'('nds 
(n) generation of force by allowing current '.o flow through the conductor upen 

(b) variation in mutual inductance of the coils 
(c) movement of conductor through a magnetic field 

(,Q variation in a capacitance of a capacitor 
The LVDT is an inductive transducer which functions due lo 

(11) change in the air gap 
(b) change in the amount of core material 

(c) mutual inductance 
(d) variation in the position or the core 

4. Specify the photo-electric device which converts the light information to resistance informatice 

(n) photo-cmissive cell 
(b) photo-conductive cell 
(c) photo-voltaic cell 

5. ~Vhcn cert.,in natural or artificial crystals are deformed, an electric charge is generated. This ch .~ 
1s referred to as ar--,erutx 

(a) thermo-electric effect 
(/J) capacitive effect 
(c) electro-magnetic effect 
(d) piezo-electric effect 

6- Specify the variable in a cap,,citive t d h transduc"r ,
1

,d thn d rans ucer t at does not necessitate a physical contact t,etweenthl 
· ... "" '"' measur,,n 

(a) effective or overl,,pping area or plates 
(h) dist,1nce between plates 
(c) didc'Ctric constant of the insulator 

ms: Bas· 
'"' the transducer which is general! IC~ 

5pe'"' . . Y USed for d . 
7- ) c.ipaCJIIVe )'namic rather •L-(a . -*-11111111!,ii;,~ 

(b) resistive _ 
) piezo-electrlc 

~~ inductive transducer 
otentiorneter produces large variatio . . 

8 A p n m resistanc by 
• (a) moving a c~nductor through a magnetic field e 

(b) moving a slider across a resistor 

(c) stretching a metal wire 
(d} thermally expanding a conductor 

A piezo-electric transducer has all the followin a 
9· (a) srnall size and high output g dvantages except 

(b) negligible phase shift 
(c) good frequency response 
(d} capability to measure both static and d . . ynanuc quantities 

10
_ A]l of thP following statements with reference to L · 

L VDT VDT, are correct except one. Id . 

(a) works on the principle of mutual induction enlifythatltllimient. 
(b) is a self-generating type of transducer 
(c) cannot be used for the measurement of ta - . 

d f 
. . s tic vanables 

(,Q stan s or hnear vanable differential Ira f ns ormer 

n. The abbreviation LVDT stands for 
(n) least varying differential transducer 
(b) low varying digital transformer 
(c) linear variable differential transformer 
(,Q hnear voltage differential transformer 

Answers: 
1. (n) and (,Q 2 (c) 
8. (b) 9. (,Q 

3. (d) 
10. (b) 

4. (b) 
11. (c) 

5. (d) 6. (c) 


