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L1 Defisiition of mechatronics:

* Mechutronics, nlso called mechatronics engineering, 15
an interdisciplinary branch of engimeering that focuses on
the integration of mechanical, electrome amd electncal
engineering systems, and also includes a combination
of robotics, electronics, computer

science, lelecomimunications, systems, contnol,

and proshsct engineering,

* It is the extension und the completion of mechanical
systems with sensors und microcomputers which is the
most important aspect |



® High level of integration,

® Increased functionality and better design.

o More use of clectronics and software instead of
mechanical function,

o Assumes responsibility for process and operation with
Iittle imerference of opentors.

o Uzes orificiel intellipence and  intelhgent process
control.

& High relobility and safety.

o [mproved mnd less expensive controls.

Disadvantages of Mechatronics ;
® The mitial cost is very high.
 The complicated desien and system.
 The repair and maintenance is complex.
o lis replacement is so difficuly, tha ot s difficult o

change the old system 1o the new system,
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@ Electronic home appliances
@ Electromie entertunment products
@ Engne systems (curs)
@ Large scale apphoation
& Aulomolive mechanics
& VCRs and CD plavers.
¢ Document scanner,
Appllcation of Mechatronics :
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L4 'S ¢ Mechatrosics in fndsti

@ Hetter design of products,

@ Better process planning,

¢ Reliahle and guality onented manulactiring
@ Intelligent process control,

Physically, & mechatronic system is composed of four
prime  components.  They  are sensors,  actuators,
controllirs and mechanical components

(i) Actuators and sensors

(i) Signals and conditioning

(1iip Diigital hogie Svetems

{Iv) Software and data acquisition systems
(v) Computers and display devices,



i1} Sensors and actuators

Sensors and aciumors mostly  come under mechanical
systems, The actuators produce molion of cause soms
action. The sensors detect the stale of the system
parameters, impuls, and outputs, The various actuators
aused in the mechaironic systern are pneumatic und
hydraulic actuators, eleciro-mechanical actuntors, electrical
motins such as DC maotors, AL mators, stepper motors,
servemators, and plezoelecinic actuators. The various fvpes
of sensors used i the mechatronic system are linear arid
rotational sensors, accelemtion sensors, force, torque ond
pressure  sensors, flow  semsors, lemperature  sensors,
proximity sensors, light sensoms.
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(i) Signals and conditioning

The mechatronic systems deal with wo types of signals
and conditioning such as - input and output. The input
devices receive inpul signals from the mechatronic systems
vin interfecing devices and scnsors, Then it s sont to the
control cireuits for conditioning or processing. The various inpat
signal condiiommyg devices ussd in the mechatronse sysiens ae discreie
circuits,  ampliferm,  Anbogdo-Chgiml (AT canverlen,
Prapital-to=Digiind {00 ) converors. The owipul signals from the sysiem
are el bo oulpsldisplay deviees tirmsgh inerfscng devices. The
variouss. outpul signal conditioning devices wad in the mechatranic
syniem are Dl -o-Asadog (VA comvenes, Display Dlecoders (D)
popvertens, mplifien, power ransisors, und power ap-amps

What is Signal Conditioning?
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(i) Digital logic systems

Digital logie devices control overall system operation. The
various digital logic systems uwsed in the mechatronic
system are logic circuits, microcontrollers, progromimable
logic controllers, sequencing and tming conrols, wnd

control algonthms.
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{iv) Software and dats acquisition systems

The dota scquisiton svsiem acquires the outpul signals
from sensors i the form of volige, frequency, resistance
ele. and it 1 inputied into the mcroprocessor of compuler,
Software is used to control the scquisition of data through
the DAC board The data scquisition system consists of a
multiplexer, amplifier, regisier, and control circuitry., and
DAL board. The various data scquisition systems used n
the mechatronic system 18 data loggers, computer with
plug-in boards, eic.

Digital Datn Acquisition System
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(v) Computers amd display devices

Computers are used 10 store o large tumber of dati dnd
process further through software. Display devices are used
to pive visual feedbock 1o the user. The various display
devices used in the mechatronie system are LEDs, CRT,
LCD, digital displays, ete.

w



*  Mechatronics  based  awtomnled  systems  such
os automatic  inspection  and  gquality  assurance,
sutomatic  packaging, record moking, and  sulomatic
dispatch help o expedite the entire  munufacturimg
operation.

* These systems certamly ensure a supply better quality,
well packed and relinhle products i the market,

* Mechutronics and Automation is an mtegrative brunch of
engincering that incorporates learning  principles  from
Mechanieal, Electrical, Control, Robotics, Electronic,
Computer, Telecommunication, Svstems, and Product
Englneering.



CHAPTER 2

Sensors and Transducers

1.1 Dichimition of Transducers

2.2 Classilication of Trunsdvcers

2.3 Elegiromechanical Transducers

2.4 Tramsducers Actusting Mechansms

2.3 Misplacement & Positions Sensorms

o Vedooty, motion, force nnd pressune sonsors,

2.7 Tempernture ond hght sensors



2.1 Defination of Transducers

Atramsducer is o device that convenis energy  from  one
form 1o another. Usually o transducer converts a signal in
ome form of energy (o a signal in another.

Transducers are ofien cmploved al the boundaries
of sutomation, measarement, and control systems, where
electrical signals are converted 1o and from other phyvsical
quantities (energy, force, terque, light, motion, position,
ele.). The process of converting one form of encrgy to
another is known s transducthion.
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2.2 Classification of T CerS
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Classificatwon of Transducers: There are many principles
on which a transducer can work like resistive, mduoctive,
capacifive @c, So Transducer can be categorized on the
basis of four thoughts. On the basis of transduction form
it s used, we can o further,

Primary and seconduary type
Anabog and digitel type
Active and passive type
Transducer and Inverse type .
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Primary and Secondary Transducer: Suppose vou need
o measure pressure. In this cise we use bourdon whe 5o
bourdon fube acts as primary lrunsducer, it senses the
pressure and converts pressure into displacement of its free
end. The displacement of the free end moves the core of
the lincar vanable differential wansducer which produces
aatpul voltage proportional o movement of core which s
proportional 0 movement of core which is again
proportional to pressore. 50 we are able 10 measure
pressure. Here bourdon tube is the primary trunsducer und
LVDT is seconclary transcucer.

Analog and Digital Transducer: Tronsducers converting
inpait quantity to anzlog outpud in the form of pulses are
analog transducers, |E. Sirain gauge, thermocouple ete.
digital tranaducers convert imput to electrical output in
form of pulses,



Active and Passive Transducer: Active transducers ane
those which don’t need nuxiliary power source to produce
output. The encrgy required for production of output signal
15 obtmined from physical quantities bemg measured, LE,
piezoelectric crystals, tacho-genemtors ¢ic, Pussive

transducers wre those which need an puxiliory power
souiree 1o produsce output, LE. linear polenhiometer ete

Transdocers and Inverse transducer: Transducers, as
mentioned earfier convert non elecirical quantity 0
ehectrical quantity whereas inverse transducer converts
ehectrical to non-clectrical quantity, This type of transducer
converts  clectrical  sipnals  mbo  required  form.  LE
Piczoelectric Crystal. It converts electrical signals into
mechanical vibratian,



Diclectric glestomer (DE)wre electromechanical

transchucers thit convert of franvduce electrical energy 1o or
from mechameal energy. In an gotustor mode, DEs convert
electrical to mechanical energy, whereas m a generalor
mods they  perform the reverse function and convert
mechanical to electrical energy. This chapter derives the
fundamental equations deseribing DE transduction. The
pquitions show quantitatively how clectrical purameters
such as elecinc field ond diglectric constant are relsted w
miechancal parameters such a8 stress and strin. The bagic
equations can be cxtended o expmine more subtle
considerations such a5 film stability and leakage, as well as
applied 1o devices such us sensors and variable siiffness
devices that transduce mechanical encrgy both 1w and from
electrical encrgy.
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Transducers are also known as gouges.pick up and signal
generators.,

1. Activating devices
2. Transducing clemenis

In order to excite a tmveling wave in the evlinder. wo
standing waves, the amplitudes of which sre equal, and
their phase difference on time and space w a/l, are
generated by the longitudingl and bending vibration of the
transcucer, respectively, The longitudinal vibration of the
transducer s excited by the longitudinal vibration of
longitudinal PLT. The bending PAT is located ot the
antinodal plane of the bend wave of the transducer, and the
bending vibration of the tunsducer is excited by the
longitudinal vibration of bending PZT. Thus, the composite
transducer should be excited with two-phase alternating
voltages, When a fexural iraveling wave is excited in the
eylinder, clliptical trajeciorics are achicved at the particles
on the teeth. And the dniving foree is the frictonal force
berween the rotor and teeth.



2.5 Displacement &Positions Sensors

What is a Displacement Transducer?

A Displacement Tranmsducer Is an electromechanical
device used to convert mechanical motion or vibrations,
specifically rectilinear motion, into o varisble electrical
corrent, voltage or electric signals, and the reverse.
Actuating mechanisms used primarily for automatic
control systemis or as mechanical motlon sensars in
measurement  technologies. The  classification  of
electromechanical transducers includes conversion
principles or types of outpat signals.




YWhai is a Position Transducer?

A position  transducer  typically  consists ol two
fundamental parts. One part remains fived in position
while the other part moves with the mechanism whose
displacement is being measured. The exset nature, and
thercfore the siee, of the fived and moving portions
depend on the sensing technology being wsed. Some
transducers are intended 1o be mounied integrally o
ihe mechanism, while others are designed o be
mounted externally,
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Velocity Sensor

A vebocity recerver (velocity sensord ism sensor that
responds fo velocity ruther than absolute position. For
example, dynamic microphones are velogity receivers. ...
Movement causes the coll o move relative o the magnet,
which in fum generates a volinge that is propartional o the
velocity of that movement,
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Maotion sensors

A motion sensor (or molion detector) s an electronic
device that 5 desipned to detect and  measure
movement. Mofion sensors are used primanly in home end
business sccurity systems, but they can also be found m
phones, paper towel dispensers, game consoles, and virual
reality systems. Unlike many other tvpes of sensors { which
can be handheld and solned), motion sensors are typically
embedded systems with three mayor components:

o sensor unil, an embedded computer, and hardware (or
the mechanical component).




JYoroe Sensor

A Force Sensor 15 defined as a transducer that converts
an input mechunical load, weight, tension, compression
or pressure into an electrical ontpat signal (load coll
definition). Force Sensors are also commonly known as
Force Transducers. There nre severn] types of load cells
based on size, geometry and capacity.

&



LFressure scnsor

Apressure  wensoris o device  for pressure
measurement of gases or iguds, Pressure 18 an expression
of the force required to stop o flusd from cxpandimg, and s
usually stated in terms of force per unit area. A pressure
sensar usually acts as o ransducer; i penerales o signal as
a function of the pressure imposed. For the purposes of this
wrtiche, such o sipnal 8 -electrical

Pressure sensors can also be used 1o mdirectly measure
other varmbles such as fluid/ges flow, speed; water level,
and altitude, Pressure  sensors  cam  aliematively  be
called pressure transducers, pressure
transmitters, pressare senders, pressure
indicators, piegometers ind manometers, among  other
namci.




2.1 : ns
Tempernture sensor

A temperature sensor 5@ deviee used o measure
temperature. This can be nir  temperature,  liguid
temperature or the temperature of solid matter. There are
different types of tempernture sensors available and they
each wse different technologies and principles to ke the
temperiture measurement

A temperature sensor is an clectronic device that measunes
the temperature of s environmenl and converts the mpul
data into electronic dats o record, monidor, or sigal
temperniure chonges, There are many different tvpes of
lemperalure  sensord. Some  lemperaiure SCRson
require direet  contact with the physical object that is
being monitored {contacl temperiture  sensors), while
others indirectly measure the temperature of an object
(non-contact lemPemiire sensors




Light sensor

The light sensor is o passive device that converts the
light energy into an electrical signal output Light
sensors are more commonly  known as  Photoelectric
Devices or Photo Sensors hecnuse they converl light
energy (photons) into electronse signals (electrons). ... The
sensor receives the hight reflected from the target.

A Light Sensor generates an outpul signal indicating the
intensity of light by measuring the radiant energy that
exmsts n & very narrow range of frequencies basically
called “light”, and which ranges in frequency from
“Infro-red™ to “Visible" up 10 “Ultravioles™ light spectrum
The light sensor is a passive device that converts thes “light
energy” whether visible or in the infra-red parts of the
spectrum inte an clectncal signal output. Light sensors are
more commonly known & “Photoclectnie Deviess" or
“Photo  Scnsors™  becouse  they  convent light  energy
iphotons) into electncity (electrons).

g
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3. 1Mechanical Actuators

3.1.1 Machine, Kinematic Link,
Kinematic Pair

Machine .-

A& maochime {or mechancol device) =
mechanival structure thal eses power b0 apply Torees and
conirol movement to perform an intended setion
An opparius using mochamical pirwer and Boving several poarts,
eich with a definite fumction and together performing a particular
Lk




KINEMATIC LINK :-

It is defined s the part of machine
which has n refative motion with respect 1o some other part of
saine moching & called Kinematic lnk of clement
In mechanical cogineering, o kinemaotle choln B oo assembly
of rigid bodies connected by Joines 1o provide constrained
motlon tht B the mathemotieal model for 0 mechunical




Kinematic Pair :-

The two links or elements of a maching, when in
contact with each other, are said o form a pair. [f the
relative motion  between them is completely or
successfully constrained the pair i known as
kinematic pair.

The two links o elements of a machme, when n
contact with exch other, are said to form a pair. If the
relative motion between them 18 completely or
successfully constrained (Le. i o definite direction),
the par 15 known s kinematic  pair

0Nz -
see -



3.1.2 Mechanism, Shder crank Mechanism

Mechanism

A mechanism 15 usually a piece of a larger
process, known s 8 mechamical svstem or
machine, Sometimes an entire machine may be
referred to as a mechanism: examples are the
steering mechanism in a car, or the winding
mechamism of a wristwaich.

The way in which the parts of 8 machine are
interconnected and guided to produce a
required ouwtput motion from a given input
motion 15 known as the mechamsm of the
machine. ..



Slider-crank mechanism

Armangement of mechanical pars designed 1o convert
straight-line  mation 0 rotary molion, &5 in 8
Egiprocating piston engine, or lo convert rotary molion
to straight-line motion, as i o reciprocaling paston
pump. The basic nature of the mechanism and the
relative motion of the parts

Slider-crank  mechanism, arrangement of mechanical
parts designed to convert straighi-line motion to rotary
molign, 45 in a reciprocsling piston enging, or 0 convert
rotiry moton W stranght-line motion, as in & reciprocating
piston pump.



3.1.3 Gear Dnve, Spur gear, Bevel gear,
Helical gear, worm gear

Gear Drive

Same sized and shaped teeth cut ot equal distances
along a flat surface or a straight rod is called a gear
rack. A gear rack is a cylindrical gear with the
radius of the pitch cylinder being infinite. By
meshing with a cylindrical gear pinion, it converis
rotational motion ino linear motion. Crear racks can
be broadly divided mto straight tooth racks and
helical tooth racks, but both have strmght tooth
lines. By machining the ends of pear racks. it s
possible to connect gear racks end to end.

2 Wndil



Spur gear

Gears having cylindrical piich surfaces are called
cylmdrical gears, Spur gears belong to the parallel
shaft gear group and are cylindncal gears with a
tooth line which 15 stroaght and parallel to the shatt,
Spur gears are the most widely used gears that can
achieve high asccuracy with relatively easy
production processes. They have the charcteristic
of having no load in the axial direction (thrust load).
The larger of the meshing pair is called the gear and
smaller is called the pinion,




Bevel gear

Bevel gears have a cone shaped appearance and
are used to ransmit force between two shafts

which intersect at one point (intersecting shafts).
A bevel gear has a cone as its pitch surface and its
teeth are cut along the cone, Kinds of bevel gears
include straight bevel gears, helical bevel gears,
spiral bevel gears, miter pears, angular bevel
gears, orown gears, zerol bevel gears and hypoid
gears.
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Helical gear

Helical gears are used with parallel shafts similar 1o
spur gears and are cylindncal gears with winding
tooth lines. They have better teeth meshing than
spur gears and have superior quietness and can
transmit higher loads, making them suitable for
high speed applications. When using helical gears,
they create thrust force in the axial direction,
necessitating the use of thrust beanngs. Helical
gears come with right hand and left hand twast
requiring opposite hand gewrs for @ meshing puir.




Worm gear

A screw shape cut on a shaft is the worm, the
mating gear is the worm wheel, and together on
non-intersecting  shafls 18 called a worm  gear.
Worms and worm wheels are not  limited 1o
eylindrical shapes. There s the hour-glass type
which can increase the contact ratio, but production
becomes more difficult, Due to the shding contact
of the gear surfaces, il 15 necessary (o reduce
friction, For this reason, generally a hard material is
used for the worm, and a soft matenal is used for
worm wheel. Even though the efficiency is low due
to the sliding contact, the rotation is smooth and
guiet, When the lead angle of the worm is small, it
creates a self-locking feature,



3.1.4 Belt & Belt drive

Belt ;

A belt is & loop of fexible muterial used 10 link wo

of more rotating shafis mechanically, most often parallel.
Helts may be used as & source of motion, to tansmit power
efficiently or to ek relative movement. Belis are looped
over pulleys ind may hive o twist between the pulleys, and
the shafts necd not be paratlel.
In o two palley system, the belt can either drive the pulleys
normally i one direction (the same if on paralle] shafts),
or the belt moy be crossed, so that the direction of the
driven shafl is reversed (the opposite direction 1o the driver
if on parallel shafts). As o source of motion, a conveyor
belt 15 one applicution where the belt i adapted o carry a
lond comtinuously between two pomts. The belt drive can
also be used 1o change the speed of rotation, gither up or
down, by using different sized pulleys.




Belt drive

Belt drive, in machinery., a pair of pulleys attached 0
usually paraliel shafls and comnected by on emeirclmg
Nexible belt iband) that can serve o ransmat and modify
rotney motion from one shalt o the other, Most bolt dnves
consist oF Mot leather, rubber, or fabric belts running on
cvlindrical pulleys or of belis with o Veshaped cross
section running on grooved pallevs. To crente an effective
frictional grip on the pulleys, belts must be installed with a
substantial tension. Becose of the wedging action of the
belts in the grooves, ¥ belts require less tension thin do
at belis and are particularly suimble for connecting shafls
that are close together, Flat nnd V' belts ship when
overloaded. and in some apphcations this condition may be
more desirble than a rigid drive because it limits the
transmitied torgue and may prevent breakage of parts.

B
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3.1.5 Bearings

A bearlng i a mochine element thul construins relative
motion o only the desired motion, and redoces friction
hetween moving parts. The design of the bearing may, for
gxample, provide for free limear movement of the moving
pant of for free rotation around o fxed axis: or, il may
prevent a motion by controlling the vectors of normal
forces that bear on the moving pars. Most beanngs
facilitate the desired motion by mimimizing friction,
Bearngs wre classified broadly sccording w the type ol
operation, the mations allowed, or to the direchons of the
lowds { forces) applied 1o the parts.

{

The term “bearing” s derived from the verb 1o bear”™ a
bearing being o machine element that allows one part o
bear (ie., W support) another. The simplest bearmgs are
bearing surfaces, cut or formed into o pant, with varying
degrees of control over the form, size, roughness and



location of the surfaoce. Ovher hearings are separste devices
installed imo a machine or machine part. The most
sophisticated bearmgs for the most demanding applications
are very precise devices; ther manufacture requires some
of the highest standards of current technology.

L



3.2 Electrical Actuator

3.2.1 Switches and relay
SWITCHES ;-

Types ol Lsilihes

A switch is an electromechanical device used 1o make or
break the circuits.
* Switches can be controlled mechanically
* |1 controls the flow of current by opening or closing
of crrconts
% They are operated monually by a lever or by pushing
the Buillins
% 1t 15 used 10 open or close the contacts
% 1 operates slowly when compared to relay because it
requires o phyaical object 1o make the changes
* A swilch makes a direct contact or ¢connection
* Example: Manual control of switch { Physical control
of fans, lights in Homes)



* RELAY :-

# Relay s an chocromechenical devige uied 1o make or break
the cancuss

*  Relays can be controtled electramcally

% N conirods high power circuis wilth low power signaks by
ppeniig of closing 15 cumacs

¥ [t can send clestromagnetic of optcal segnad o actunte the
band cirew)

% 1w s o probeet the sysiem from damnge

£ Nuoperabes Tasler

¢ s 8 remole contiel swiich

4  Esample To twm ONOFF Asr Conditivner, LI street light
[ Aurbomulec)



3.2.2 Solenmd

A solenoid ik a device compnised of a coil of wire, the housing
and @ maveahle plumger (ammartureh, ¥ ben an electneal current &
introduced, o magnetic Nild forms arisund the ool which draws
the 1r1|r|||.:|f'|! i More simply, 8 solenmd sonverts elésirieal
energy inio mechuncul work

® The coil is mode of mamy wms of ghtly wound copper
wimre. When on elecirici! eurrent Nows throwgeh (s wire, a
stroag magnebic leld Nus 15 erensed

® The housing, wanlly made of iron or sieel, surrounds the
coil poncentrating the magnetic held penemted by the goil

o The plusger & atimcled w the sop throogh the
concentration  of  the  magnetic  Geld  providing  1he
mechamecal Torce o do sork

Whei an electideal cumrent is introduced, a magnetic Gelsd fomis
orowngd the ¢oil which drows the plunger in, More amply, o
solenoidd converts electrical energy Inte mechanical wark



1.2.3 D.C Motors

A DC merbar 15 any of a cliss of rotry electneal motors
thist converts direct current electrncal  energy o
mechanical energy. The most common types rely on the
forces produced by mugnetic felds, Nearly all types of DU
motors  have  some  internal  mechanism,  esther
electromechanical or electronic, to perindically change the
direction of current in part of the motor,

X motors were the first form of motor widely used, as
they could be powered from existing direct-curment lighting
power distribution systems. A DC metor's speed can be
controlled over a wide range, using either a variable supply
voltage or by changing the strength of curvent in its field
windings. Small DC motors are used in tools, tovs, and
appliances. The universel molor can operate on direct
current but s a lightweight brushed motor used for
portable power tools and appliances. Larger DU motors ane
currently wsed in propulsion of electric vehicles, elevitor
and hoists, and in drives Tor stee! relling mills. The advent
of power electronics has made replacement of DC motors
with AC motors possible in many applications,
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A DC mobor is defined as o class of electrical motors

that convert direct current electrical energy into
mechanical energy.

From the above definition, we ¢an conclude that any
electric maotor that is operated using direet curment or DC s
called & DC motor. We will understand the DC motor
construction o how o DC motor converts the supplied
DC electneal energy into mechanical energy m the next
Tew sections,



3.24 A.C Motors

An AC motor s an clectne machme that converts
sllermating current mbto mechanical rotation, AC motor's
applcations mnge from industrinl bulk power conversion
from electrical o mechanical to household small power
conversion. ln this article, let us briefly discuss the various
traits and working of an AC motor

An AC motor 15 0 motor that converts the altermating
curment indo mechanical power, The stator and the rotor ane
important parts of AC motors, The stator is the stationary
part of the motor, and the rotor s the oteting part of the
motor. The AC motor may be single-phase or three-phase.
Nikols Tesln invented the frst AC induction motor in
1887.
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The twio min types of AC motors are Induction motors
and synchronous mators, The induction motor (o
asynchronous motor) alwirys relies on a small difference in
specd hetween (he stntor rotating magnetic feld and the
rotor shaft speed called slip 1o induce rotor current in the
rotor AC winding.

3.2.6 Specification and control of stepper motor

Spreifleations

& Size: 42.3 mm square © 48 mm, not including the shaft
INEMA1T)
& Weight: 350 g (13 oz}
® Shaft dismeter: § mm “D"
® Steps per revolution: 200
® Current rating: 1.2 A per coil
» Volage ratng: 4 ¥
o Resistance: 3.3 02 per ool
® Holding torque; 3.2 kg-cm (44 oz-in)
» Inductance: 2.8 mH per coil
o Leod lemgth: 30 em (127
® Output shafl supporied by twao ball bearings



o Control of stepper motor

HEKEH= ]
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Slepper motor control constant volusge drives are wsed o
apply o constant posidive or negative voltage to each
winding 1o drive mation, However, it is winding current,
gt volisge, that applies torgie to the stepper molor shaft,
The current (1) in each winding is related 10 the applicd
valtage (V) by the winding inductance (L) and the winding
resistance (R}, Thus, these are also known s L/R drives.
To obtain high torgue ot high speeds requires o large drive
voltage with a low resistance and low inductance. With an
L/R drive it is possible to control & low vollage resistive
motor with a higher voltage drive simply by adding an
external resistor in series with each winding. However,
sinice it wasies power in the resistors, ind generales heal, it
1 therefore considered a low-performing option.
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How can we control the spead of a stepper mator?

Speed of a stepper motor can be controlled by changing its
switching speed or by changing the length of the time

delay Yoo
A stepper motor 15 0 permanent magnet or varahle
reluctance de motor that has the following performance
characterstics:

| rotation in both directions,

2. precision angular mcremental changes,

Jrepetition of acourste motion or velocity profiles,

4.0 holding torgue ot #ero speed, and

5.capability for digital control,
A stepper motor can move in accunte angular increments
knows o8 steps in response 1o the application of digital
palses w0 an electric drive circuit from & digital controlier.
The mumber and rate of the pulses control the position and

5



specd of the motor shaft. Generally, stepper motors are
mianufactured with steps per revolution of 12, 24, 72, 144,
180, and 200, resuling in shaft increments of 30, 15, 5,
25, 2, and 1.8 degrees per step.

Stepper motors are cither bipolar, requining two power
sources or o switchable polanty power source, or snipolar,
requiring only one power source, They are powered by de
current sources and require digital circustry 1o produce the
coil energizing sequences for rotation of the motor.  The
adventage of operating withou! feedback is that o closed
loop control system s not requirted. Genemlly, stopper
motors produce bess than 1 horsepower T46W) and are
therefore frequently wsed in low-power position control

applications.
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3.2.7 Servo Motors D.C & AL

mTerenee between AL Serve Motor and I Somve Motor
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CHAPTER 4

Programmable logic controllers (PLC)

4.1 Introduction

4.2 Advantages of PLC
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4.5 Input/output Processing and Programming
4.6 Mncmonics

4.7 Master and Jump Controllers



A propaminasle  lope controller (PLCY isa  specinlized
computer wied o control machines and pracess. Elimmatcs
much of the hund wiring that was 2esicistied with conventional
relay control circuits, The propram wkes the place of much of
the esterial winng that would be requred for contml of A
procsEs

PFLC stapds for Progmmmable Legx Comtrolless. They e
bnsteally s o control putomalzd systems i industries. They
irg one of ibe mod advanced and simplest forms of control
wystemns which mre now replacing hard-wired logic relays ot »
Large scule,

[he progrimmable logic conroller, or PLC, & ublguitous in
progess wnd manufaciuring indusines wday, Inanally buile 1o
replace electromechanical relay systems, the PLC offers o
simpler solution for modifying fhe opertion of o control system,
Rather than hoving to rewire a large bank of relovs, & quick
downlowd from o PC or programming device enables control
fomee changes in a mattar af minates of even seconds



4.2 Advantages of PLC

Before getting into detnils about PLCs, lets us know 3
reasons why PLCs are being widely used these days

& They are user friendly and easy 1o operate

® They chiminate the need for hard-wired relay boge

& They nre fast

® [t is suitable for sutomation in industries,

@ [is mput and owtput modules can be extended depending
upon the requirements

”sl , | ) :E] [.
PLCH i used i,

Transportation System likes Conveyor Belt System.
Packing and Lobeling Svstem i Food & Beverage.
Antomatic Bottle or Liqud Filling System
Packaging and Labelling System in Phurma Industries.
Transportation Svstem like Escalator and Elevator.
Industrial Crane Controd Sysiem  for  Operation  of

Owverhead Traveling Crane,

® Glass Industnies for ghiss production and recording
data.

# Paper Industrics for the production of Pages, Books or

Newspapers, ¢1c,
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& Cement Industries for manufecturing or  mixing
the right quality and quantities of raw materials, and
sccuracy of data regarding,

# Automatic Droinoge Water Pump  Monitoring  und
Controlling System,

® Time ond Count-bised Control  System  for
in [ndustrial Machine,

L4 Acchi basic i |

Intertor architecture is the design of o bullding or shelter
from inside oul, or the design ol a new intenior for a type
of home that can be fived. .. the art and science of
designing and erecting buildings and their interiors, along
with other related physical features, by a licensed architect.
The information within the FLC 8 carned by means of
digital signabs, The intermal paths along which digital
signals flow wre called buses



What {s the basic structure of PLC?

The main components of a PLC consist of a central
processing umit (CPU), power supply, progrumming
device, and input and output (10) modules. The CPU
the beam of the PLC wnd camws oot programmed
operations.

What exactly does an interior architect do?

Simply put, an intenor architect designs  building
interfors & space planning while an interior designer
focuses on the actual furnishing and decoration of un
interior. ... Interior architects must ke into sccount the
functionahity, safety and appearance of the build. The
CPU controls and processes all the operations within the
PLC. I js supplicd with a clock that has a frequency off
typically between | snd & MHe. This frequency determines
the operuting speed of the PLC and provides the timing
and synchrontzation for all elements in the system, The
information within the PLC 15 camied by means of digital
signals. The intemal paths slong which digital signals Now
are called buses. In the physical sense, a bus is just a
number of conductons along which electrical signals cun
flow. It maght be tracks on a printed circut board or wires
in 4 ribboi cable.



4.5 Input'output Processing and
Programming

How will you process the input and output of PLC?

In a PLU system there will wsually be dedicated modules for
inpuls and dedicited modules Tor outputs, An inpul modube
defects the statos of input signals such o push-butions,
switches, tempersfure sensors, cic. An output  module
controls devices sach s relays, motor starters, lights. ele,

* PLC s continuousty runming through s program and
upduting it s a result of the input signals, cach such loop is
called o evele. * Two methaods of processing: + |- Continuous
updniing 2- Mass updatmg » continuows updating: » The cpu
scanning the input channels as they occur in the progrim
mstrctions. Each iput is examined inchividually (delay time
3 ms) The outpul is latched so that they rotain their stotus
until the next wpdate Mass impul’ output copying: 1t works in
the following process: |, Sean all the wpuis and copy into
BAM 1. Fetch and decode and execute all progrm
ISIICLION I SeqUEnce, Ccopwing outpul mstruction o BAM

Y Onee the program is executed, the CPU performs
dmgnostics and communication tasks 4 update all outputs

Repeat the sequence. Input/output processing Ingut/Chatpud



Input/output unit

1. * The input/output unit provides the interfiace between
the system and the oulside world,

2 ¢ The mput’ outpul fterface provides tsolation wid
signal conditioning functions so (hat sensors and
sctuators can offen be directly connected to them
without the peed for other circuitry.

3.+ Onan devices: motors. starting coils, solenoid valve, e

4. Input devices: temperature sensors, flow sensors,



4.6 Mnemonics

The appropriate product categery, A ludder diagram
wiritten in alphanumeric characters for easier understanding
than the machine language program to be exccuted by CPL
Unit. The mnemonic code can be converted to o Indder

dingram in the PLC.

What is a ladder in PLC?

e 4
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Ladder logic i wsed o develop software for progrmmable
logic  controlless (PLCs)  used in ndustnal  control
applications. The mame is based on the observation that
programs in this language resemble ladders, with two
venical rails and a serics of horzontal rungs between
them.



[he PLC executes the program loaded into It ane rang
at a time. As the PLC begins to process the rung, it reads
the instructions on the lefl and determines if the Logic on
that side of the rung 15 set to TRUE, The Logic evaluates 1o
TRUE when o hypothetical current is able to pass through
the instructions

How to use JUMP Instroction in PLC Ladder Logic?”
Jump instruction in ladder logic is used 10 skip some

process or rungs secording o the requirement. Tt is pasred
with Label which s wsed to limi the skipping the process.



What is jusmp control in PLC?

L I G

Jump instruction in ladder logic 15 used w skip some
process or rungs according o the requirement. 1 s
paired with Libel which i used to limit the skipping the

process.
What does a master control relay do

Im o electnical circuil, Master control reluyvs are used to
shut down a section of an electrical system. o ladder
logie, MCE 5 wsed to fum ON one section of a
programming line. An MCR option should be opened and
closed properly. There 15 o section of ldder logic
implemented between the MCR imstruction lines

How do you use jump instructions?

A qump instruction, like “pmp®, just switches the CPU
exceuting 4 different piece of code. If's the assembly
equivalent of “goto®, bul unlike goto, jumps are not
considered shameful m assembly.
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5.1 Introduction to Numernical Control of
machines and CAD/CAM

5.1.1 NC machines

Numerical control (also computer numerical
control, and commonly called CNC) is the
automated control of machining tools (such as
drills, lathes, mills and 3D printers) by means of a
computer. A CNC machine processes a plece of
malerial (melal, plastic, wood, ceramic, or
composite) to meet specifications by following a
coded programmed instruction and withoul a
manual operator diracty controlling the machining

operation.
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What is NC machine 1o00l?

Mumenical Control (NC) refers 0 the method of
coptrolling  the munufacturing operation by means of
directly inserted coded numenical instructions into the
machine tool,

Mumerical control, popularly known as the NC is very
commonly used in the maching tools. Numerical
contral is defined as the form of programmable
automation, in which the process is confrolled by the
number, letters, and symbals, In case of the machine
tools Ihis programmable automation is used for the
operabion of the machines,

The NC technology can be applied 10 wide variety of
operations like drafling, assembly, inspaction, sheat
metal working, efc. But it is more prominently used for
various metal machining processes like turning,
driling, milling, shaping elc. Due to NC all the
machining operations can be pedormed al the fast
rate resulting in bulk manufacturing becoming quite
cheaper.



5.1.2 CNC machines
What is a CNC machine do?

A computer numerical controlled (CNC) machine
uses a program to control the operation of
machine tools such as lathes and mills. |t takes a
raw material (metal, plastic, eftc.) and cuts, grinds,
drills, Wwrns, mills, andor shapas it into parts that
meel exacl specifications.

A CNC machine is & motorized mansuverable tool
and often & motonzed maneuverable plathorm, which
are both controlled by a computer, according 1o
specific input Instructions. Instructions are delivered



o a CNC machiné In the form of a sequential
program of machine control instructions such as
G-code and M-code, then executed. The program
can be writen by a person or, far more often,
generated by graphical compuler-aided design (CAD)
software and/or computer aided manulacturing
(CAM) software. In the case of 30 printars, the par o
be printed is "slicad®, before the instrucbons (or he
program) Is generated. 30 printers also use G-Code.

CNC s a vast improvement over non-computerized
machining that must be manually controlled (2.q.
using devices such as hand wheels or levers) or
mechanically controlled by pre-fabrcated pattemn
guides (cams). In modern CNC sysiems, the dasign
of @ mechanical part and its manufacturing program
i highly automaled. Tha parl's mechanical
dimensions are defined using CAD software and then



transialed into  manufacturing  directives by
computer-aided manufacturing (CAM) software, The
resullting dwrectives ame (ransformed (by “post
processor” software) info the specific commands
necassary for a particular machine to produce the
component and then are loaded into the CNC
machine




5.1.3.CAD/CAM
5.1.31CAD

CAD or computer-aided design and drafting (CADD), is
technology for design and technical docomentation, which
replaces manual drafting with un sutomated process, I you
wre A designer, drafler. architeet or engineer, you have
probably used 20 or 3D CAD progranis such &8 AutaCAD
or AutoCAD LT software

Computer-pided design (CAD) is the use of computors
jor workstutions) to aid m the creation, modification,
analysis, or optimization of a design''! This soltware is
wsed o merease the productivity of the designer, mmprove
the quality of design, improve commumications through
documentation, and to  create o database for
manufacturing. " Designs made through CAD software are
helpful in protecting products and mventions when used in
pateni applications. CAD output is often in the form of




electronic  file:  for print, mochining. or  other
manufacturing operatiins,

CAD is an impodant industrial ant extensively used in
riany appheations, meluding autometive, shipbuilding, pnd
acrospace industries, industrial and architectural design,
prosthetics, and many more, CAD is akso widely used w
produce computer animabion [or special elfects in maovies,
advertising and techndcsl manuals, ofien called DOC
digital content creation. The modern ubiguity and power of
computers means that even perfume bottles and shumpoo
dispensers are designed wsing technigues unheard of by
engmeers of the 19608, Because of itls enosmous cconomic
importange, CAD has been a major driving force for
reseasch In computational geometry, computer praphics
(both hardwire and software), and discrete differential
geometry.



5.1.32 CAM

A cam s a rolating or sliding prece in o mechanical hinkage
used especially in transforming rotary motion inlo lines
motion." " 1t is often a part of o rotating wheel (e.z. an
cocentric wheel) or shaft ie.g. a ¢vlinder with an frregular
shape) that strikes a lever ot one or more points on ity
circular path. The cam can be o simple 1oth, as is wed w
deliver pulses of power to a steam hammer, lor example, or
an eccentnic disc or other shape that produces a smooth
reciprocating (back and forth) motion in the fodfower, which
i5 0 lever making contact with the cum. A cam Limer is
similar, and were widely used for electne machine control
(an electromechanical tmer in a washing maching beinge a
common example) before the sdvent of inexpensive
clectronies,  macrocontrollers,  miegrmted cirowts,
programmahble logic controllers and digital coniral,
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The cam ¢an be zeen g5 a device that converts rotational
motion o reciprocating (or sometimes oscillating) motion.'
A common example 15 the comshall of o aulomabile,

which takes the rotary motion of the engine snd converts it
into the reciprocoting mobion necessary o op<rate the
intnke wnd exhausy vilves of the cylinders.

Computer-sided munofacturing (CAM) olso known as
Computer-nided  Modeling o Computer-aided
Machining """ 15 the use of software to control machine
ools and relsed ones in the manufactunng of work
pieces. I This is not the onty definition for CAM.
bt it is the most common:'! CAM may also refer to the
se of & computer o assist i all operations of a
manufacturing plant, including planning, management,
transportation and storage,”"'" s primary purpose is o
create a fuster production process and components and



tooling with more precise dimensions and  material
consisteney, which in some cases, wses only the required
mmount of mw material (thus mimimizng waste), while
simultuneously reducing energy consumption —led]
CAM 15 now o system wsed in schools and lower
educational purposes. CAM 15 o subsequent
computer-aided process  after computer-aided  design
(CALD) and sometimes computer-gided engineering (CAE),
i the model penerated in CAD snd verified in CAE can be
input imto CAM software, which then controls the muchine
ool CAM & used in many schools alongside
Computer-Aided Design (CAD) to create objects,




5.1.3.3 sofware and hardware for

What software and hardware is used in
CAD?

CADD Hardware
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® System Unit.

# Central Processing Unit {CPL)

o Memory.

® Hand Disk, Floppy Disk, CD-ROM,

® Exiemal Storege Devices,

» The Monior.

® Printers and Plotters.

® Digitizer, PaWhich s best soltware for CAD CAM?



Top 6 CAD/CAM tools

s Fusion360,

1

¢ SOLIDWORKS 3D CAD.

S
o Solid Edge CAM Pro,
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o GibbsCAM.

o AutoCAD.

ek and Mouse.
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What is CAD CAM hardware?

A CADICAM system brings together the user
(designers, engineers and draughtsmen),
hardware (computers, visual display and
dialogue systems) and software (programs
for calculation, archiving and presentation of
graphics)

What are some examples of CAD CAM
software?

Examples of CAD/CAM software are
SolidWorks, INVENTOR, CATIA and
AutoCAD. Furthermore, examples of CAM
software are SolidCAM and CAMWorks. 3D
CAD/CAM software provides the ability to
control CNC machinery from 2.5 axis, 3 axis
and multi axis CNC machines.



3.1.3 4 Functioning of CADCAM system

What are the function and benefits of CAM?
The benefits of CAM

Greater speed in producing components.  Greater
accuracy and consistency, with cach component or
fimished product exactly the same. Greater efficiency as
computer controlled machines do not need 1o ke breaks.
High sophistication in terms of following comples paticrns
like tracks on circuit boands.

Function of ¢ad

Used by engineers, architects, and construction managers,
CAD has replsced manual dreafting. It helps users creating
designs in ¢ither 2D or 30 so that they can visualize the
construction.  CAD  enables  the  development,
madification, and oplimization of the design process.



5.1.3.4 Features and chamactenstics of CADCAM system

The Feature Technology Feature of CAD'CAM

CAM software should have forward looking festures thar
allow you to work in a tradinonal programming approach

mnd 10 Stiep up im0 more organieed  environment that
includes  storing  process  knowledge and  corpomie
EApEriences,

CAM software systems promote many product features,
like high-speed machining technologies. multi-axis
machining, collision detection ond  simwulation  1ools.
However in recent years there also is another commaonty
dis-cussed femmme colled feature 1echnology,



5.1.3.5 Application areas for CAD/CAM

Main Applications of Computer Aided Design (CAD)
Salid Modelling This process s used 1o create solid
components of desired shape by joining and curtmg
different solid volumes, The final solid model s a virtual
replica of &n actunl product but it can be seen and rotmed
like a renl product. There mre two main tvpes: © dinect
where the model can be edited by undoing or modifymg
the model directly on the 30); + parnmetnic where the model
15 construchid using parameters (vanable quantities such as
mieasurements) and the model can be edited st any point in
is history. Surface Modelling This process is used 1o
create surfaces of desired shape by tnmming, stitching and
joining different surfices W create o final shape model.
Assembly This process is used 1o assemble the models
created in sobid or surfpce modelling to create a final
assembly, This i wsed w see the actmal fitment of all
models and see the el working of assembly, Drafting
Detuiling This process is used to créate the 20 drawings of
components of assemblics, usually directly from a 3D
midel, although 2D CAD can ¢reate 2D drawings directly.
Reverse Engingering This process is used to convert the
peal component into 30 CAD Maodel. Different types of
instrumenis such as laser scanner, white light scanner,



CMM (coordinnie measuring moching) ete, are used to
micasure or decode the shape of o real model. The virual
miode] obtuined can then be modified in o CAD program

Main Applications of Computer Awded Manufacture
(CAM) Plotterfcutters Ulsing 20 CAD or graphics software
these muchines can draw or cut 2D shapes on paper, card
on self-adhesive viny] sheets. Laser cutting Using 20 CAD
i graphics software these machines can cur or engrave a
wide vanety of materials such as card, plywood, acrylic
sheet, fextiles, glass, 2.5D Milling Typically 2.5D
machining uses 2D CAD files ox the source and cuts in x
snd v directions (parnllel to the machme bed) while
lowering the 100l progressively through several sleps 1o cut
out an object using a rotating toeol, Setting wol paths is
generally simple and the pan cut mpidly, 3D Milling 3d
machining typically used STL files from 3D CAD
programs s 4 source ind requires all three axes of the mill
to be able to move simultaneously, 3D machining can Lake
a very long time even on fast, modem machines and
n:sp-::cmlhl if & high quality finish is required. A fourth or
rotary axis can also be added to create tumed pars,



Tumning CAM softwore nutomates traditional tuming on »
luthe including roughing, grooving, threading and finishing
tor faster, more aceurnte results, 30 prnting 3D prnting is
a process of making u three-dimensional obgect of virtually
any shape from o digital model. It is achievied wsing an
additive process where successive layers of material
(usually thermoplasiic) nre lald down, Each layer iz a
thinly shiced, hornzontal cress-section of the eventual
object. Each object begins with a CAD file, created with a
D modelling prograomme, or by reverse engingeering.



5.2 Elements of CNC machmnes

5.2.1 Introduction

The development of Computer Mumerically Controlled
(CNC) machines s 2 tremendous contribution 10 the
manufacturing industry. Simply put, a CKC sysiem
receives and inlerprets the data and then conirols certain
achons accordingly, The CNC systems, o versatile form of
soft mutomation, are mostly osed in the Iathe machine,
milling machine, laser maching, sheet metal process, ete,
The concept was onginally developed 1o control operation

windd maotion oF maching ool



The CNC 5 o compuler-based electronic equipment, as
mentioned earkier, which receives mformation i dagital
form from input devioes, as well as positional information
of cenain elements of the maching. Then it interprets the
digital data as requirements (or new positions of e
machine clements and gives appropriate commands of

direction.

5.2.2 Machine Structure

The mechunism of a mechanical system s pssembled from
components cilled machine elements. These elements
provide structure for the system and control its movement.
The structuml components ore, genemily, the frame
members, bearings, splines, springs, seals, fasteners and
covers.



What 1s structure in theory of machine?

gy
A strueture s an sssembly of resistant bodies (Known as
members) such that these bodies don't have any
relative motion between them. A structure s meant for
carrying loads. For example, o bulding. o roof truss, o
railway brodge, machine frames, oe. The degree of
freedom of a structure is zer.




5.2.3 Guideways/Slide ways

5.2.3.1 Introduction and Types of Guidewiays

What are guideways and shideways?!

The friction between the sliding swrfaces 15 called as
guicheways with shiding fiwction. These gmideways are also
called as shideways. The slideways are further classificd
sccording to the lubrication at the interface of contacting
surfaces, The fction between the sliding surfaces may be
dry, semi-lguid, and liguad.



Guideway

The Guideway is one of the imporant elements of machine
tool. The main function of the guideway s 10 make sure
that the cutting tool or machine tool operative element
moves along predetermined path. The maching tool
operative clement cammies workpiece nlong with 1. The
midion 15 generally circular for borng mills, vertical lathe,
eic. while o & strmght line for lathe, dnlling, boring
machings, elc.
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The puidewnys are mainly clissified according w the
nature of [riction between contacting surfaces of the
operative clement |

[} Guideways with stiding [riction
(b} Guideways with rolling fncton



() Guideways with Skiding Friction

The friction between the shding surfices is called as
guideways with shiding friction. These guideways are also
called as slidewnys, The shidewavs mre further classified
pccording to the lubncation at the imerfuce of contacting
surfaces. The fnchion between the shding surfaces may be
dry, semi-liguid, and liquid. When the lubrication is absent
in between contacting surfaces, it is called as dry friction,
Dy friction is rarely occwrred in machine wols.
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These wre also calbed as ann frictlon ways, The anti friction
slideways mary be classified acconding o the shape of the
rolling element as ;

{a) Roller type anti friction ways using cylindrical rollers.
() Ball type anti frction ways using spherical balls.



Slide ways

A slideway 15 used to conirol the direction or line of
action of the trunslational movement of the table or
carriage on which the toals or work are held. Althouh
VEE type has certain advanlages, it is the FLAT &
DOVETAIL shideway forms which have commonly been
used on CNC machine tools.

What is the function of slideway?

Slideways or ways are used as the mediom on which to
slide heavy equipment. This type of system 15 used
when the equipment to be transporied i either very
heavy ar when the movement requires high precision.

5.2.4 Dnives

Mochotronee  systems  comprise a large variety of
electricnl drives. . The most important equations of these
electromagnetic components will be stated in such a form
thaal they cin be used to describe the static and dynamic
behavior of mechatvonic overall sysiems



What is a Mechanical Drive?

Mechanical drives are a series of components that

manages the transmission. This power can be
channaled lo power olther eguipment like pumps,
blowers, air compressors, and other common
industrial machinery.,

Mechatronic systems comprise o large variety of
electrical drives, Their main purpose is to generate
translational or rotational forces or to change the
position of mechanical components.  Electrical
power-generating machines, which are used 1o drive
power-consuming machines, and electrical actuators
(control molors, servo drives), which are emploved to
drive control valves, are typical examples. In both
cases, a distinetion can be made between rotational
and translational forces and maotions, In the following
sections, the construchon and  modeling  of
electromagnets, DC and AC motors will be outlined.
The most important equations of  these
electromagnetic components will be stated in such a
form that they can be used to describe the static and
dvnamic behavior of mechatronic overall systems.



5.2.4.1 Spindle drives

A spindle drive is a primitive type of trinsmission. A rod,
referred to as & spindle, s atiached 1o the output end of wnd

engine. This rod then comes in direct contact with a tre.

There me severnl fmitnons o this design. The
spindle-tire interface is prone o inellieiency and slippage
since the contacl orea is very limited. Waler of any sort on

the tre will render a spindle drive unusable until it dnes.



Advantages
® Simplcity, The peatesdt sdvaniuge o o spindle driven
ramsmussion (& simplicity, Tt oo e of thes stmglicity that
spimdle. driven sooters arg the generully the least expensive
wcnoters avallable.
o Low mabntenamce, Spinidle drives alse reguoe oo lubneaton

aned mimimal mainenonee.

Disadvantages

Wear. Spindles cause excessive wear on the tire o which
they are connected and require constant re-adjustment in
oeder to muntam an optimul pressure on a tre's surfoce.
the black magic spindle 15 an aftcrmurket spindle that has
TONS of gnp, but it akso wears vour tire down alot faster
than a stock or knurled ADA spindle,



5.24.2 Feed dnive

Feed drive

The feed drive 15 one of the most important pars ol every
CRC maching toed, ... The fead drive maim purposs i o
move the working parts of machine fool {workmg tble,
tool unit, spindle unit ete.) through mochine axes. A sepamie
leed drive is necessary for every muchine axis.



What are the components of feed drive!?

The feed drive consisis of an eleciromator  and
mechanleal transmission clements, The mechanical
transmission elements comprise all the machine purts
which lie in the torque (power) transmission flow between
thie servo mistor and the tool or wirkpiece.

What are the components of feed drive?

The feed drive consists of an  eleciromotor and
mechanical transmission  elements. The miechanical
transmission clements compnse el the maching ports

which e in the worque (powerh ransmission Mow between
the serve motor and the toel or workpiece.



What 15 feed drive system?

FEED DRIVES. A leed drive consists of a feed
servomotor and an electronic controller. Linlike a
spindle motor, the feed motor has centain special
charactenistics, like constant torque and posiboning.

5.2.5 Spindle and Spindie Bearings

Machine tools are geoenally equipped with spindles for
locating the job (to provide centering), holding tool or
work, rotating the work or the tool and feeding the tool
also s in the case of dnlling machine. The spindles are
made out of hollow steel shaft with a wpered hole at the
fromt emd for receiving the cenicring element (spindle

e,

It 18 dhesarable tht the wis of the tpered hole and the axis
of the spandle rotation be concentric, Machining sccuracy
depends to & considernble extonl wpon the rotutionsl



sccuracy of the spindle which transmits motion o the
cutting tool or tw the work Generally machine ool
spinalles are made up of allow fow carbon steel heat treated
to give a case hordened surface.

Such a spindle possesses resistance to wear combined with
A tough core for siremgth in forsion. High precision
spindles for extemal grnding machines are made from
Nitralloy. Spindles of heavy machine tools are masde.
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Robotics
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Robotics s an interdisciplinary sector of scienée and
engineering dedicated 1o the design, conslruction amnd wse
of mechanical rohots, Our guide will give you & concrets
grisp of roboties, including different types of robots and
how thev're being applied across (ndustries,

Robotics 18 the itersection of science, engineening und
technology that produces machines, called robots, that



substitute for (or rephicate) human sctions, Pop culture hay
always been fascinated with robots, R2-D2. Optimus
Prime. WALL-E. These over-sxaggerated,  humamosd
concepts of robots usually seem ke a cancature of the real
thing...or ar¢ they more focward thinking than we realize?
Robots are gaining intellectual und mechanical capabilities
thaat den't pui the possthility of a R2-D2-like machine out
of reach in the fsture,
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Laws of robotics

The Three Laws of Rohotics (often shorfened to The
Three Laws or known as Asimov's Laws) arc a sct of
rules devised by science fiction suthor lsane Agimov. The
rules were introduced in his 1942 ghont story “Runpround™
(mcluded i the 1950 collection /, Rabor), although they
had been foreshadowed 1n some earher stones, The Three
Laws, quoded from the “Handbook of Robotics, 36th
Edition, 2058 A.D.", ane

Three Laws of Robotics
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First Law

A robot may not injure @ human being or, through
inaction, allow a human being 1o come to harm.

Second Law

A robot must obey the orders given it by human
beings except where such orders would conflict
with the First Law,

Third Law
A robot must protect its own existence as long as
such protection does not conflict with the First or
Second Law.



Lerath Law

A robot may nol harm humanaty, or, by mection, allow
humanity to come to harm,

The Three Laws, and the zeroth, hive pervaded science
fiction and are referred o in mony books, Olms, and
other media. They have umpacted thought on ethics of
artificial intelligence as well.



Canesum robots, which are also
called linear robots o gantry robots, are industrial robots
Phst work on three Hsear axes that use the Cartesian
'C'mrdmutr. syatem (X, Y, and £), meaning they move i
straaght lines on Y-axis dup and dovwn, in and out, and sde
to side). Carfesinn robots are a popular choice due to bemng
highly fexible in their confipurations. giving users the
ahility to adjust the robot’s speed, precision, stroke length,
pnd size, Cartesian Robots are one of the most commonly
used robol types for industrial applcations end wre ofien
wsed for CNC machines and 3D printing

oy



SCARA s an scronym thal stands for  Selective
Compliance  Assembly - Bobot  Arm or Selective
Compliance Articuloted Robot Am. SCARA Robots
function on J-uxm (X, Y, and £), and have o rotary motion
ms well, SCARA Robots excel in literal movements and
are commonly faster moving and have easier integration
than Cartesiin Robots, Typically, SCARA robots are used
for assembly and palletiing, s well os bio-med

application.



Articulated  Robots  mechanical  movement  and
configuration closely resembles 8 human arm. The arm s
mounted 1o & base with a twisting joint, The arm itself can
feature anvwhere flom two romry joints up to ten rotary
joints which act as axes, with each additional joint or axis
wllowing foe a greater degree of motion, Mest Artculuted
Robots wtilize four or six-axis, Typical applications for
Arttculated Robots are mssembly, are welding, material
handling, machine tending. and packaging.



&2 P
Cylindrical Robots have a rotary joint o the base and a
prismatic joint 1o connect (he links. The robols have a
cylindrical-shaped work envelop, which s achieved with
rotating shaft and an extendable arm that moves in o
vertical and shding motion, Cylindncal Robols are often
wsed in tight workspaces for simple assembly, machine
tending. or coating applications due to ther compact
design.



Delta Robots

Delia Robots, or parallel robots, possess three arms
connected W0 o simgle hase, which is mounted above the
workspace. Delta Robots work 0 a dome-shape and can
move both delicately and precisely ot high speeds due w
each joint of the end effector being directly controlled by
all three wrmas, Delta Robots are often used for fast pick
and place applications i the food, pharmaceutical, and
electronic mdustnes.



Polar Rohots

Polar Robots, or spherical robots, have an arm with two
ratary jomnts and one linear joint connecied to & base with a
rwisting point, The axes of the robot work logether 1o farm
& polar coordinate, which allows the robol 1 have a
spherical work envelope. Polar Robots are credited as one
of the first types of industrial mobots o ever be developed.
Polar robots are commonly used for die casting, injection
molding, weldimg, and materizl handling

e



Collaborative Robots

Collaborative Robots or Cobots are robors that can directly
and safely interact with humans in 2 shoared workspace.
There are numerous types and brands of colloborative
robots on the market = learn more here. Cobots are
typically used for pick and place, palletizing, quality
inspection, pnd machine tending.



6.3 Robotic systems

What are the 5 main pans of a robotic system?

The design of indusirial robots mukes them capable of
performing buman-like functions. This design consists of
five mmn components which are the controller, sensors,
robot arm, end effector, and drive.



How do robotic systems work?

A typical robot hos 1 movable physical structure, a motor
of some sorl, 4 sensor system, a power supply and a
computer “brain” that controls sll of these elements.
Essentually, robots are man-misde versions of animal life -
thoy are machines thwt replicate human and animal
behavior

There are three types of robotic systems

% The manipuliion robotic system,
% The mobile robotic systemn
% The datn acqusinon ind control robotic system.

The manipulution robot sysiem i the most commonly used
in the manufacturing indusiry, These svstems are misde up
of many of the robol anms with 4-6 axes and varying
deprees of recdom. They con perform several different



functions, inclucking welding, material handling  and
miterial removal applications.

# The mohile robotic system is a bit different. This
system consists of an sutomated platform that moves
items from one place w another, While these mobot
syslems are used heavily in manufactunng for carmying
ools and spare pars, they ame also osed in the
pgricubtural industry for iransporting products. These
can also be wsed by severnl different industnies becanse
of their ghility to swim and fly, as well as move along
the ground.

® Data acquisition amd control robotic systems are used
to gother, process and transimit data for & varlety of
signals. They are also used in software for engineering
and bsiness. Many of the mobile robotic systems can
use signals from these systems.



6.4 Advantages and Disadvantages of robots

What are the advantages?

¢ In many situations tobots con inerease productivity,
efficiency, guality and consistency of products:
o Unlike humans, robots don't get bored
o Until they wear out, they can do the same thing
Bgitin nawd again
o They can be very sccurite - to fractions of an inch
(s is needed for example in manufsctuning of
microclactronics)

# Robots can work in environments which are unsafe for
humans — in the muelesr or chemical industries for
exnmple

o Robots  dont have the same  environmental
requircments that humans do - such as lighting, air
canditioning o noise profection

® Roboss have some sensors/achustors which ane more
capable than humans

ar



What are the disadvaniages?

o The wse of robots can creale economic problems il
they replace human johs

¢ Robots can only do what they are told to do - they
can't improvise

5 This means that safety procedures are needed to
protect iumans and other robots

& Although robols can be superior W humans in some
ways, they are bess dexierous than humans, they don't
have such powerful brains, and cannot compete with a
human’s abality fo understand what they can see.

® Often robots are very costly = in terms of e initial
cost, maintenance, the need for exira components and
the need 1o he programmed to do the lask
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