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Introduction to Mechatronics Chapter 4: Mechatronics Actuators
4.1 Introduction

Course Contents: 4.2 Moving-Iron transducers.
Chapter 1: Overview of Mechatronics 4.3 Solenoids.
1.1 What is Mechatronics? 4.4 Relaﬁ.
1.2 Mechatronics Design Approach. 4.5 Electric motors.
4.6 Direct Current Motors

1.3 Measurements Systems.

1.4 Mechatronics Examples. 4.7 Servo motors.

Chapter 2: Mechatronics System Modeling 4.8 The stepper ].mmr
7 1 Introduction 4.9 Motor selection.
2.2 Mechanical System Modeling. Chapter 5: Robotic Systems

2.3 Basic Mechanical Model components 5.1 Introduction

2.4 Developing Mathematical Model 5.2 History Ufﬂﬂbﬂﬂfﬂ |
Chapter 3: Mechatronics Sensors 5.3 Current Research in Robotics around the world

3 1 Introduction 5.4 CLASSIFICATION OF ROBOTICS

5.5 Popular Mechanisms in Mechatronics Systems
5.6 Robotic arm terminology

5.7 Robotic arm configuration

3.2 Position and speed measurement.
3.3 Stress and strain measurement.

3.4 Temperature measurement. : _
5.8 Basic robotic systems

5.9 End-of-arm tooling (EOAT)
5.10 Gripper mechanisms

5.11 Robotic manipulator kinematics

3.5 Vibration and acceleration measurement.
3.6 pressure and flow measurement.

5.12 Robotic arm positioning concepts




Tutorials

C Review of Lectut@ Terminologies and definitions.
C Solve problems related to the topic of each lecture.
C Open discussion about lect@eapplications.

Lab sessions

C Deal with real mechanical and electronic components.
C Testing mechatronics systems.

C Review different types of sensors and actuators.

C Build mini projects.

C Learn CAD Skills.

C Learn programming and coding skills to control mechanical structures.
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Course OQutcomes

A student who successfully fulfills the course requirements will have demonstrated:

V Anability to identify, select,andintegrate mechatroniccomponentsto meet productrequirements

V An ability to know the difference between different types of mechatronicsparts and how to select the proper
componentsto build your system

V An ability to use commercial software tools for modeling and simulation of mechatronic systems such as Solidworl
Catia, Ansys and MATLAB.

V An ability to design, analyze, and optimize mechatronic products. !

V An ability to write technical reports and present engineering desig! [ ! A
solutions efficiently. B

T .
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Chaptlen 1

Overview of Mechatronics




What is Mechatronics?

Yasakawa defined mechatronics in this way. 6rhe word,
mechatronicsjs composedof Aimecha from mechanismand the
ftronic from electronicH

Harashima Tomizuka and Fukoda in 1996 In their words,
mechatronicss definedas dhe synergisticintegrationof mechanical
engineeringwith electronicsandintelligent computercontrol in the

designandmanufacturingf industrialproductsandprocesses r EEE ch A 20 -l 8 A0
. = = ’Q ’ 7;. ' ! XA
Another definition presentedy Shettyand Kolk appearedn 1997 ° 'l cEzl(r)\t]tfnlah ® ’. | e and Aut

Mechatronicsis a methodology used for the optimal design of [4 ""’1 v

electromechanicaroducts ‘ oF
oo Fé, ' !

More recently,we find the suggestiorby W. Bolton: A mechatronic -

systems notjusta marriageof electricalandmechanicasystemsand |

IS morethanjusta controlsystemit is acompletantegrationof all of

them




What is Mechatronics?

Control
Systems

Digital Control
Control Electronics

Computer Electronic
Systems Systems

Mechanical Electro-
CAD Mechanics

Mechanical
Systems




What is Mechatronics?

For many practicing engineerson the front line of engineering
design,mechatronicss nothingnew Many engineeringoroducts
of thelast25 yearsintegratednechanicalelectrical,andcomputer
systemsyet weredesignedoy engineerghatwere neverformally
trained in mechatronics It appearsthat modern concurrent
engineeringdesignpracticesnow formally viewed as part of the
mechatronicspecialtyarenaturaldesignprocesses

The ongoing information technology revolution, advancesin
wirelesscommunicationsmartsensorslesign(enabledoy MEMS
technology),and embeddedystemsengineeringensureghat the
engineeringdesignparadigmwill continueto evolvein the early
twenty-first century

- microelectronics
- measurement

- sensor technology
- measuring systems

Electronics Informatics

- systems theory

- informatization
engineering

- programming

- artificial intelligence

Mechatronics
technology

Mechanics

- mechanical engineering
- precision mechanics

- technical mechanics

- drive technology




Key Elements of Mechatronics

. Physical Systems Modeling.
. Sensors and Actuators.

. Signals and Systems.

. Computers and Logic Systems. IEAPCITIONN Al TRTIONAL B

MECHANICS OF SOLIDS

ok~ wWDNPE

P L L ELECTRICAL SYSTEMS MECHATRONICS MODELING
. Software and Data Acquisition (Digitizing real measurements).
MI(‘RO P\ND NAN O SYS EMS RESPONSE OF DYNAMIC SYSTEMS

ROTATIONAL ELECTROMAGNETIC MEM| ROOT LOCUS METHODS
PHYSICAL SYSTEM ANALOGIES FREQUENCY RESPONSE METHODS
FUNDAMENTALS OF TIME AND FREQUENCY STATE VARIABLE METHODS
SENSOR AND ACTUATOR CHARACTERISTICS STABILITY, CONTROLLABILITY, AND OBSERV,
SENSORS OBSERVERS AND KALMAN FILTERS
and rotational sensors DESIGN OF DIGITAL FILTERS
S OPTIMAL CONTROL DESIGN
ADAPTIVE AND NONLINEAR CONTROL DESW
NEURAL NETWORKS AND FUZZY SYSTEMS
Temperature measurements INTELLIGENT CONTROL FOR MECHATRON}
Ranging and proximity ser IDENTIFICATION AND DESIGN OPTIMIZATIO!
Light detection, image, and vision systems
Fiber optic devices

Micro- and nanosensors
ACTUATORS Sensors and Actuato!

al acluators Si
ignals and Systems
C motors, AC motors, and stepper mo g yst
nc actuators
hydraulic actuators

ﬁ“m%

P U
Ub(f{y‘\(e\\ts te " “’h“’

“ ‘ Micro- and nanoactuators
gty Pes) “
T DEs g Software and Computers and

S d \“y Data Acquisition
\!\ e (=

DATA ACQUISITION SYSTEMS DjG”f'L LGGLC < .
TRANSI RS AND MEASUREMENT SYST G CAT I(_}N.bYSI-_—M.g,
A/D AND D/A CONVERSION ECTION

AMPLIFIERS AND SIGNAL CONDITIONING LOGIC SYSTEM DESIGN
COMPUTER.BASED INSTRUMENTATION SY ASYNCHRONOUS AND SYNCHRONOUS SEQUENTIAL

SOFTWARE ENGINEERING COMPUTER ARCHITECTURES AND MICROPROCESS

DATA RECORDING SYSTEM INTERFACES
PROGRAMMABLE LOGIC CONTROLLERS
EMBEDDED CONTROL COMPUTERS



The Development of the Automobile as a Mechatronic System

Until the 196(s, the radiowastheonly s i g n ieleatreniestn an automobile All other functionswere entirely mechanicalor
electrical suchasthe startermotor andthe batterychargingsystemsTherewereno fintelligent safetysystems)

Seatbelts,introducedin the early 196Gs, wereaimed o
. . - wvent Data :
at improving occupantsafety and were completely Night Vision e Recorder e o b Entertainment

mechanicallyactuated Windshield
Wiper Control

Monitaring Auto-Dimming  Suppression Environment System

All  engine systemswere controlled by the driver

Head-Up Mirror Controls
Display Accident ) Battery
Recorder Interior Voice/Data Management
_ Lighting Communications DSRE Lane
and/or other mechanical control systems For pulroas  contiol paremar) || | clusser ||| | f / Correctior
instance, before the introduction of sensorsand - | / Flectronic
//TD” Collection

microcontrollers,a mechanicaldistributor was used Maﬁ:ﬁ;{fk

ntmj‘l:
to selecthes p e sparkptugtoy rwhenthefuell  adaptive cruise T2 -
air mixture was compressed The timing of the " s P
ignition was the control variable The mechanically  srkine / — —~— e
controlled combustionprocesswas not optimal in e [ ‘ \ \rﬁ; Sl;ppresfrl:ln
termsoffuele f yelbency ldle / oot Iransmission E;Etbri‘ri:“ g:::?:; HIII-HrJIdp

- Digital Turn Signals

0

Mawvigation
System

y

Electranic Throttle

.. .. , Contral Stop/Start Active Remote Control Cantrol Contral
The electronicignition systemwasoneof they r s Electronic Vibration Keyless Seat Position . Regenerative
al o | Parking
. . . alve n ontro
mechatronic systems to be introduced in the Timming Control M7 Lane System  Tie  Braking
. Cylinder Blindspot Departure Active FI'E.SE'-“:E
automOb"en thelate 197(8. De-activation Detection  Warning Yaw Manitoring

Control




The Antilock Brake System(ABS) wasalso
introducedin the late 197G in automobiles
The ABS works by sensingockup of any of
the wheelsandthenmodulatingthe hydraulic
pressureas neededo minimize or eliminate
sliding.

without#ABS

MakeAGIF.com

Traction control is an electronicsystemthat usesthe —

; i inou
samesensorasthe antrlogk brakingsystem(ABS) to Traction Control System
reduceor preventwheelspin

The Traction Control System(TCS) was introducedin
automobilesn the mid-199Gs. The TCS works by sensing
slippage during accelerationand then modulating the
powerto the slipping wheel This processnsureghatthe
vehicleis acceleratingat the maximumpossiblerateunder

. . . Traction Control System
givenroadandvehicleconditions




The Development of the Automobile as a Mechatronic System

Millimeter wave radar technology has recently found applicationsin — pested . o rcomia]  Fumecomol o1 dso,

automobiles The millimeter wave radar detectsthe location of objects between ? e i sserrok
. . . Relati locity

(other vehicles)in the sceneryand the distanceto the obstacleand the —— Radar

Measured distance Measurement

velocity in reattime.

This technologyprovidesthe capabilityto control the distancebetweerthe
vehicleand an obstacle(or anothervehicle) by integratingthe sensormwith
the cruisecontroland ABS systemsThedriver is ableto setthe speedand
thedesireddistanceébetweerthecarsaheadf him. The ABS systemandthe
cruisecontrol systemare coupledtogetherto safelyachievethis remarkable ol
capability radar

(@)

In automobilestoday, typically, 8, 16, or 32-bit CPUs are used for
implementatiorof the variouscontrolsystems

(®)

Using a radar to measure distance and velocity to
The 32-bit processoris used for engine managementtransmission autonomously maintain desired distance between vehicles.

control, and airbags the 16-bit processons usedfor the ABS, TCS,
instrumentcluster,and air conditioning systems the 8-bit processoiis
usedfor seat,mirror control, andwindow lift systemsToday,thereare
about30r 60 microcontrolleran acar.




So, the definition of Mechatronicscan be as : fiMechatronics is the
synergeticintegration of mechanicalengineeringwith electronicsand
intelligent computer control in the design and manufacturing of
industrial products and processes.

system theory
modeling
automation-technology
software

artificial intelligence

micro electronics
power electronics
sensors
actuators

information
technology

MECHATRONICS

mechanical elements
machines
precision mechanics

Pure mechanical systems

<4— d.c. motor 1870
<4— a.c. motor 1889

Mechanical systems with
electrical drives

1920

<4— relays, solenoids

<— hydraulic, pneumatic,
electric amplifiers

<4— Pl-controllers 1930

Mechanical systems with
automatic control 1935

<4— transistor 1948
<— thyristor 1955

Mechanical systems with
@ electronic (analog) control 1955
® sequential control

4— digital computer 1955
<— process computer 1959
4— real-time software 1966
<— microcomputer 1971

steam engine 1860
dynamos 1870

| <1900 circular pumps 1880
combustion engine1880

mech. typewriter

tool machines
pumps

electric typewriter

steam turbines
aircraft

electronic
controlled
lifts

<— digital decentralized automation 1975

Mechanical systems with
@ digital continuous control
® digital sequential control

1975

<4— microcontroller 1978

<4— personal computers 1980
44— process/fieldbus systems
<— new actuators, sensors
<— integration of components

Mechatronic systems

® integration: mechanics &
electronics hardware

® software determines functions

® new design tools for
simultaneous engineering

® synergetic effects

1985

machine tools
industrial robots
industrial plants
disc drives

mobile robots

CIM

magnetic bearings
automotive control
(ABS, ESP)

Increasing
electrical
drives

Increasing
automatic
control

Increasing
automation
with process
computers and
miniaturization

Increasing
integration

of process &
microcomputers




Design Steps

The computer aided developmentof mechatronic systems
comprises

1. constructives p e ¢ i yncthaendineeninglevelopmenstage
usingCAD andCAE tools,

2. model building for obtaining static and dynamic process
models,

3. transformatiorinto computercodesfor systenmsimulation and N, —— ¥ IronCAD
4. programmingand implementationof the y n anlechatronic DS BRICSCAD P(. . C ADl ZWCAD"
' CATIA < wer ) a Sk
S etchUp

A broadrangeof CAD/CAE toolsis availablefor 2D- and3D-mechanical

A

O
design,such as Catia, Solidworks, fusion 360 NX, Solidedge Inventor SolldWorks Mzpus#,

201 1

software CR
o . (\]PTC **m‘m i 7 ZW 3D"

andautocad SimulationTools suchasMSC ADAMS. Programmingools intelliCAD /—k/rére AMASHLAR: i \X
- solidThinking WVELUM poiengineer  UCS
suchasLabview MATLAB, MapleandMathcad s s e e = L —
| ' | _ o geomagic SoLip EpGE :(3 :\v t-fl;x
Softwaresused in design and simulation of control circuits such as ‘:Librea’ii Al TurboCAD o SPACECLAN "
Firtzing, Tinycad proteusandEagle LiroCAD, Open Source 20 CAD Wi, I8




Simulation of Mechatronic system

Increasingly, reattime simulation is applied to Simulation:
_ _ o - digital /analog
the design of mechatronic systems This is - static behaviot
especiallytrue if the processthe hardwareand - dynamic behavior
the software are developedsimultaneouslyin l i l
order to minimize iterative developmentcycles : : : :
simulation real-time simulation
andto meetshorttime-to-marketscheduleswith without : ; faster than
. e simulation ;
. : time limitation real time
regard to the required speed of computation
simulationmethodsit canbe subdividednto: - basic investigation - process simulation: - model-based
of behavior ® hardware-in-the- control systems
- verification of loop simulation ® predictive control
: : : : N ' ® ini ® i
1. simulationwithout (hard)time limitation. theoretical rpodels training f)f opel.‘atcfrs qdaptlvc? C(‘)ntr.ol
- process design - controller simulation: - online optimization
2 realtime simulation.and - control system ® testing of control - development of
’ design algorithms (controller strategies, planning,
3. simulationfasterthanreattime. prototyping) scheduling
- process and controller - components for real-
simulation time simulation




Simulation of Mechatronic system

Herewith, reattime simulationmeanghat the simulationof a components performedsuchthat the input and outputsignals
showthe sameime-dependentaluesasthereal,dynamicallyoperatingcomponentThis becomes computationaproblemfor

processewhich havefastdynamicscomparedo therequiredalgorithmsandcalculationspeed

-« Adams View Adams 2016 -8
File Edit View Build Simulate Review Settings Tools Help

~|2JAl
PR E
ajal
= 8

Simulation
1 = »l
Default =

End Time =

meETe:

5000

{7 G
[NoDebug ~] |
Render | _Icons

Multi -body dynamic simulation Solidworks Animation




Finite element analysis simulation




Control Prototyping

For the designand testing of complex control systemsand their algorithmsunderreattime constraintsa reattime controller simulation with

hardwareptherthanthey n aeliesproductionhardwaremay be performed The processthe actuatorsandsensorganthenbereal Thisis called

Tirme = D0DOD
LCA Enw Plastic Stran N,
a7

Advantages of using control simulation Egggg

controlprototyping

ATestingof signalprocessingindcontrol systems,

togetherwith other designof actuators,process

parts, and sensortechnology,in order to create g
=
synergetieffects
1 M ETes;;'t Vi i Di I‘ Di. -‘Ltm;'-s"l":“nk Analysi: Cod: TJool: Hel: E’
AReductionof modelsandalgorithmsto meetthe E HE e mreaare 1IEErE

requirementsof cheapermass production hard

Cruise Control Unit Test

OHEWES|0,

ware and

bl crs_ er_webinari5a
req

1 cncl
= 8 e
ADe y nthexsgp e c i Y foraytni dahnolvgare 3 J o

brakeP

key

=] 2

throtDrv

é
andsoftware =
(R
G




A fundamentalpart of many mechatronicsystemsis a
measuremensystemcomposedof the three basic The
transducens a sensingdevice that convertsa physical
input into an output, usually a voltage The signal

Measurement Systems Different Types of Sensors

processoperformsfiltering, amplification,or othersignal Thermistor IR Sensor RSensor X Gyroscope Accelerometer
conditi oningon thetransdu ceoutput (Temperature Sensor) (Transmissive Type)  (Reflective Type) Ultrasonic Sensor Sensor Sensor
Thetermsensois oftenusedto referto thetransduceor § ; / /‘ ‘ | ;;o
to the combinationof transducerand signal processor £y | 4
Finally, therecordeiis aninstrumentacomputera hard Rain Sensor  Soil Moisture Sensor P{‘;ﬁ'@gﬁ?gﬁ” Water Flow Sensor  Heartbeat Sensor  Alcohol Sensor

copy device, or simply a display that maintains the
sensor data for online monitoring or subsequent
processing

aﬁl@

LM35 (Temperature LDR (Light

o Smoke Sensor
Gas Sensor Sensor) Recewer Sensor)

Color Sensor PIR Sensor

. nolo
signal

+ >

processor recorder

transducer ———

Flex
Humidity Sensor Sensor

Solar Cell Metal Real Time Vibration
Touch Sensor  Light Sensor Dedector Clock Sensor  Sensor




L2 (]
— : -
gﬂ <«<— Power source » S l;roces:!ng :ensor
= information to users
Sensor parts » l 3
: :
= . N .
§ Slgna‘l L g : Users settmgs. for
= e processing S sensor operation
O . Rear camera
GPS Cameras

AJC sensor

Video cameras

4.

" B | Fuelsensor

Ultrasonic sensor

Exhaust gas sensor

(1
s
L]
s

Inertial sensor

Pressure sensor

Infrared sensor

Ultrasonic sensors

Angle sensors

Microphones

Pressure sensors

Temperature

Inertial sensors sensors

Tactile sensors

Sensors 0Applications




Measurement Systerd Digital Thermometer

The following figure shows an example of a measurement system. The thermocouple is a transducer that converts terapgnatlre to
voltage; the amplifier increases the magnitude of the voltage; the A/D (aoadiogytal) converter is a device that changes émalog
signal to a coded digital signal; and the LEDs (light emitting diodes) display the value of the temperature.

r=-"=-=-==-= 1 -1 r-T=T=7==7==== 1
I I 1 | i . I
| thermocouple | 1 amplifier 1o LED display |
I I I | I I
I | — AD | — |
I I I amd — I
I | T display | — |
I I I decoder — I
I I I | I I
I L o e e e e e e e e | N J
I |

b= == ! signal processor recorder




Mechatronics Examples

Example 1. DC motor power-op-amp speed controller

This designexampledealswith controlling the rotationalspeedof a directcurrent(DC) permanenmagnetmotor Figure below
illustratesthe major component@andinterconnection the system The light-emitting diode (LED) providesa visual cueto the

userthat the microcontrolleris running properly The speednput deviceis a potentiometefor pot), which is a variableresistor
Theresistancehangessthe userturnstheknobontop of the pot

light-emitting diode
indicator -4 l

digital-to-analog
converter

potentiometer
for setting speed

PIC microcontroller
with analog-to-digital
converter




Thevoltagesignalis appliedto a microcontroller(basicallya small
computeron a single integratedcircuit) to control a DC motor to
rotate at a speedproportionalto the voltage Voltage signalsare
fianalo@, but microcontrollersare idigital,0 so we needanalogto-
digital (A/D) anddigital-to-analog(D/A) convertersn the system
to allow us to communicatebetweenthe analog and digital
components Finally, becausea motor can require significant
current,we needa poweramplifier to boostthe voltageandsource

the necessargurrent

D/A voltage
regulator

PIC

power amp

digital
with heat sink

encoder

DC motor gear

drive

inertial
load




Mechatronics Examples
Example 2: Steppermotor position and speedcontroller

This designexampledealswith controlling the positionand speedof a steppermotor, which canbe commandedo movein
discreteangulanncrementsSteppemotorsareusefulin positionindexingapplicationswhereyou might needto movepartsor
toolsto andfrom variousfixed positions(e.g., in anautomatedassemblyor manufacturindine). Steppemotorsarealsouseful
in accuratespeedcontrol applicationge.g., controlling the spindlespeedof a computerharddrive or DVD player),wherethe
motor speeds directly proportionalto the steprate

light-
emitting
diode  ABS]

potentiometer

A/D
stepper
mode button i‘_'-'“ E:—?-:::
E E stepper

position butions microcontroller motor




The input devicesinclude a pot to control the speed
manually,four buttonsto selectpredefinedpositions, | T i e
and a mode button to toggle between speedand
positioncontrol In positioncontrol mode,eachof the i
four position buttonsindexesthe motor to specific
angularpositionsrelativeto the startingpoint (O , 45,

90, 180). In speedcontrol mode, turning the pot

position
buttons

clockwise(counterclockwiseincrease¢decreasedhe

speed

A/D motion

indicator

The LED providesa visual cue to the userto

indicate that the PIC is cycling properly A stepper

motor

microcontroller uses that value to generate
signalsfor a steppemotordriver circuit to make

themotorrotate




Mechanical Engineering Mechatronics Engineering

MECHANICAL

Mechanical engineeringdeals with the laws of motion, Mechatronicsengineeringhot only combineghe technologyof

fc_)rce, ar_1d energy, It pasmally wqus around mech_amcs, mechanicalengineering& Electronics engineeringbut also
kinematicsand dynamics& will give you a foundationof - :

) : Electricalandroboticsetc
the things and nature aroundyou and teachyou how it

every mechanicakystemor machineis convertednto a more

works

Mechanicalengineeringprovidesinventionandtechnology userfriendly  system using different microcontroller,

that showcasealternativesfor human beingsto increase programmingsensorfeedback& controlsystem

their productivity andwork efficiently. Thesesystemscanbe programmedo work manuallythrough
usercommandsor work 24/7 without any miscalculationand

Mechanicalengineeringeachesyou aboutmaterials,solid eliminateshumanerrot

and fluid mechanics, thermodynamics, heat transfer,
control, instrumentation,design, and manufacturing to
understananechanicabystems

Mechatronics teaches you how to integrate & control
mechanical componentsusing electronic sensors, electrical
actuatorsandprogrammablelevicessuchasmicrocontrollers&
microprocessorall into onesingleproject

v




MECHATRONICS
TECHNOLOGY

APPLICATIONS

‘\ Computers

Consumer : . ; Stealth Bomber
Electronics

Micro to Macro
Applications




Real Life Application

Mechatronicgs widely usedin your day-to-day life. It is usedin appliances
like washingmachinesanddishwasherdt's alsousedin measuringlevices
like testing of sensors,and calibration devices Moreover, its uses in
automaticair conditioning systems,automaticdoor systems,and security
systemsmprovethe quality of life aswell asthe securityof securdacilities.
Furthermore,it's usedin unmannedaerial vehiclesas well as automatic
guidedvehiclesfor minesdetection

Around the House

Refrigeratorghat canordermilk whenyou arerunninglow. Washerghat
text you when the load is readyfor the dryer Vacuumsthat carry cats
aroundthe housewhile they cleanyour hardwoodfloors. All of these
devicesare availabledue to mechatronicsAnd, of course,who is ever
without their smart phone?A cell phoné camera,for example,uses
mechatronic$o takecutepicturesandvideosof your catriding thatrobotic
vacuum



https://www.theverge.com/2016/1/5/10708380/samsung-family-hub-fridge-mastercard-app-groceries-ces-2016

CNC Machines

CNC standdor computer numerical control andthesemachinegplay animportantrole in
the manufacturingindustry Thesecomplex machinesare controlled by a computerand
providea level of efficiency, accuracyandconsistencythatwould be impossibleto achieve
througha manualprocess

CNC Electric Discharge 5 Axis CNC Machine Laser Cutting CNC Machine




Manufacturing Applications

The micro-factory concept turns the manufacturing philosophy upside down
Multiple small yet highly efficient manufacturingunits are strategically placed
close to the markets Thesedistributed manufacturingunits can produce small
batchesand a high product mix. The manufacturercan changeproduct design
guickly, at minimum cost, allowing productionin small batcheswith different
specifications asopposedo large batchesandlong runs of highly standardizec
productsin the traditional approach In the micro-factory concept,productsare
manufacturedn customerorderi i.e., uponreceivingconfirmedordersfrom the
customerwithout carryinganinventoryof finishedproducts

Micro-Factorydeviceusedfor smallboards




Car systems

Mechatronicsengineeringhas savedthousandf lives throughthe adventof antilock brakesand stabilization,air bag
inflation, andfully autonomousehicles

. i Ewent Data ;
Examplesof commonsensorsusedin cars: Night Vision e Recorder e e Cabin Entertainment
Windshield Monitaring Auto-Dimming  Suppression En'l.u'lr{:nnmlent System
Car engine management wiper Control | "E2YP | pccigent | M ot pateery
. - Recorder Interior Voice/Data Management
Electronic stability control “Ehﬂﬂﬂ cﬂmmummns DSRC -
Airbag gnginel Iniglrument Corection
Yaw control sensor Deployment _ Contiol - Parental T“—‘f
Controls Electmnic
Wheel speed sensors Adaptive Front \\ T Il Collection
. Lighting _:.':",_. ‘ - Dlgltal Turn Signals
Steering angle sensors Adaptiueﬂrume p Navigation
] Cantrel L / ! System
Rotational speed sensors Automate —— B st
Braking / b\\.. ::nr_'h'" ﬁemt
1 1 Ve EXhaus
Alrbag Inflation Electric / [ | \ Noise Suppressien
. . . P Steeri Ve Suspension
Cruise control acceleration and deceleration / - . | g Active Susp
Electranic Throttle idle Tﬁg;fr:llfsllﬂn Stability Braking Hill-Hald
Power door locks Control stop/Start | ' pemote Cantrol Control
Electronic o | Seat Position ) .
Anti-Lock braking system Valve Vibration KEYEhs [ contol porking e
. e Cylinder Blindspot Departure Active Pressure
Traction control System De-activation Detection Warning Yaw Monitoring




Air bags designed to deffdy
in Jifffifeatening accidénts

ABS systen Alrbag systan




Transportation Systems

High Speed Trains

*Train Position and Velocity
constantly monitored from
main command center.

*Error margin in scheduling no
more than 30 seconds
-Fastest trains use magnetic
levitation

Top Speed: 574 km/h (357 mph)
Country: Japan

Magnetic Levitation

(e s G
A GAEDEEES
0 0
Transrapid \—m/
Top Speed: 550 km/h (340 mph) N N
Country: German GBI eaOa» a0




Robotics Systems

Roboticsis the engineeringscienceand technologyof robots,
and their design, manufacture,and application Robotics is
related to electronics,mechanics,and software other words,
mechatronics

The first digitally operated and programmablerobot, the
AUNnimated, wasinstalledin 1961to lift hot piecesof metalfrom
a die-castingmachineand stackthem Today, the commercial
and industrial sectors are in widespread use of robots,
performing jobs cheaperor more accuratelyand reliably than
humansdo. They are also employedfor jobs, which are too
dirty, dangerousopr dull to be suitablefor humans Robotsare
widely usedin manufacturingassemblyandpacking transport
earth and space exploration surgery weaponry laboratory
research safety and mass production of consumer and
industrialgoods




Serial Manipulators Parallel Manipulators

V links connecting in a serial fashion usingictive joints . V Multiple kinematic chains connecting dixed base to a
V Limited speed - movable platform.

V  Less rigidity V Large workspace V Actuators are fixed at/near the base.

V High power consumption V Light weightlinks VvV Smallinertia V High rigidity
V Lessaccuracy v | grgeinertia

V' Highaceuracy \/ pigh velocity Vv Limited workspace

Dramatically re




Handling for metal casting Handling for plastic moulding




Flying robots

Essentiallya droneis a flying robotthat canbe remotelycontrolledor fly autonomouslyusingsoftwarecontrolledflight
plansin its embeddedsystemsthat work in conjunctionwith onboardsensorsand a global positioning system(GPS)
UAVs weremostoftenassociateavith the military andin surveillanceapplications

. » /LearnEngineering® -

Drone/Quacd-copter Ornithopter/Flapping wing vehicle




Legged /Quadruped Robots

BigDog is a dynamically stable quadrupedmilitary robot that was
createdn 2005by BostonDynamics

BigDog's walking pattern is controlled through four legs, each
equippedwith four low-friction hydraulic cylinder actuatorsthat
powerthejoints.

It canstandup, sit down,walk with a crawling gait thatlifts oneleg at
a time, walk with a trotting gait lifting diagonallegs, or trot with a
running gait The travel speedof BigDog varies from a 0.45 mph
(0.2 m/s)crawlto a 3.6 mph (1.6 m/s)trot

Approximately50 sensorsarelocatedon BigDog. Thesemeasurdhe
attitude and accelerationof the body, motion, and force of joint
actuatorsaaswell asenginespeedtemperaturendhydraulicpressure
insidethe robot'sinternalengine Low-level control, suchasposition
and force of the joints, and high-level control such as velocity and
altitude during locomaotion, are both controlledthroughthe onboard
computer




Legged /Quadruped Robots




Smart Robotic legged Toys




Humanoid robots

A humanoid robot is a robot
resembling the human body in
shape The design may be for
functional purposes, such as

interacting with human tools and |
environments, for experimental
purposes, such as the study of
bipedal locomotion, or for other
purposes In general, humanoid
robots have a torso, a head, two ?
arms, and two legs, though some ==
humanoidrobotsmay replicateonly '
part of the body, for example,from
the waistup. Somehumanoidrobots
alsohaveheadsdesignedo replicate
humanfacial featuressuch as eyes
andmouths Androids are humanoid
robotsbuilt to aestheticallyresemble
humans




Humanoid robots
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