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Chajpter Objectives

O Trace the origin of mechatronics;

d Understand the key elements of mechatronics systems;

1 Relate with everyday examples 6T mechatronics systems;

 Appreciate how mechaironics integrates knowledge
from different discipiines in order to realize engineering

and consumer products that are useful in everyday life.
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What 1s “Mechatronics” ?

» The word mechatronics was ortginated from Japan
(Yasakawa Electric Company) in the late 1960s, spread

through Europe, and 1s now cornmonity used round the
globe.

» “The word, mechatrenics, 1S composed of ‘mecha’ from
mechanism aind the ‘tronics’ from electronics.

' Mechanism
|

Mechatrcnics

Electronics
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What 1s “Mechatronics” ?

» Mechatronics solves techinologicai problams using interdisciplinary
knowledge consisting of mechanical engineering, electronics, and
computer technology.

» In 1996, Harashima, Tomizuka, and Fukuda defined mechatronics as
being “the synergistic integration of mechanical engineering, with
electronics and ntelligent computer control in the design and
manufacturing of industrial products and processes.”

» Bolton presented yet another definition by saying “a mechatronic
system Is not just a marviage of electrical and mechanical systems
and Is more than just & control system; the mechatronic system is
a complete integration of all of them.”
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What 1s “Mechatronics” ?

» Mechatronics is the field of study concerned with the design,
selection, analysis, and control of systems that combine mechanical
elements with electronic components, including computers and/or
microcontrollers.

s Working definition @

» Mechatronics Is the synergistic integration of sensors, actuators,
signal conditioning, powesr elecironics, decision and control
algorithms, and comput=i haraware and software to manage
complexity, uncertainty, and communication In engineered systems.




Disciplinary foundations of Mechatronics
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d Mechatronics can also be termed as replacement of
mechanics with electronics or enhaince mechanics with
electronics.

d For example, In modern automobiles, mechanical fuel
Injection systems are now replaced with electronic fuel
Injection systems.

L This replacement made the automobiles more efficient and

less pollutant.

d With the help of microelectronics and sensor technology,
mechatronics systems are providing high levels of
precision and reliability.
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L By employment of reprogrammable microcontrollers or

PLC, 1t is now easy to add new functions and capabilities to

a product or a system.

1 Today’s domestic washing machines are “intelligent” and
four-wheel passenger automobiles are equipped with
safety Installations such as air-bags, parking (proximity)

sensors, antitheft electronic keys etc.



Evolution of Mechatronics

¢ Technological advances in design, manufacturing, and
operation of engineerea products/devices/processes can
be traced through:

> Industrial revolution
> Semiconductor revolution

> Information revoltition

> Industrial Revolution

» Allowed design of producis and processes for energy
conversion and transmission thus allowing the use of
energy to do useful work.



Evolution of Mechatronics

> Industrial Revolution

¢ Engineering designs of this era were largely mechanical

» e.0., operations of mation transmission, sensing, actuation,
and computation were perfoiimed using mechanical
components such as cams, gears, levers, and linkages).

¢ Purely mechanical systems suifer from:
» Power amplitication inability.
» Energy losses due to tolerances, inertia, and friction.




Eyolution of Mechatronics

Examples of Predominanily Mechanical Designs
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Evolution of Mechatronics

Semiconductors Revoluiion

Led to the creation of integraied circuit (1C) technology.
Effective, miniaturized, power eiectronics could amplify
and deliver needed amount of power to actuators.

Signal conditioning elsctronics could filter and encode
sensory data in analog/digitai format.

Hard-wired, an-board, discrete anaiog/digital ICs provided
rudimentary computational anc decision-making circuits
for control of mechanica! devicss.
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Evolution of Mechatronics

Information Revolution |
Development of VLSI technclogy led to the introduction
of microprocessor, microcomputer, and microcontroller.
Now computing harcware Is everywhere, cheap, and small.
As computing haraware can be eifortlessly interfaced with
real world electrcmechanical systems, it Is now routinely
embedded In engineered products/processes for decision-
making.

Result: Highly efficient products and processes are now
being developed by judicious selection and integration of
sensors, actuators, sighal conditioning, power electronics,
decision and contro! algorithms, and computer hardware
and software.



Evolution of Mechatronics
L Mechatronics has evolved through the following stages:

 Primary Level Mechatronics: Integrates eiectrical signaling
with mechanical action at the basic contrel ievel for e.g. fluid
valves and relay switches

« Secondary Level Mechatronics: Integrates micioelectronics into
electrically controlled devices for e.g. cassette taize player.

« Tertiary Level Mechatronics: Incorporates advanced control
strategy using microelectionics, microprocessors and other
application specific integrated circuits for e.g. microprocessor
based electrical motor used for actuation purpose in robots.

» Quaternary Level Mechatronics: This level attempts to improve
smartness a step ahead by iniroducing intelligence (artificial neutral
network and fuzzy logic ) aind fault detection and isolation ( F.D.I.)
capability into the system.



Evolution of Mechatronics
The Automobile Development

Desired : Artua|
distance Error | Computer ,(Cruise controll |

distarice
Automobiie
between Control and ABS J '_] hetwaen
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- ignition Time
clectronic ignition system (1970)
Antiloci< Brake Svstem (ABS) (1970)
Traction Control System (TCS) (mid-1990)

The Vehicle Dynamics Control (VDC) (late -1990)
MEMS

Range and
velocity as

Automobiles: 30-60 microcontrollers, up to 100 electric motors, about 200
pounds of wiring, a multitude of sensors, and thousands of lines of software code



Evolution of Mechatronics

The Copy Machine




Advantages of Mechatronics

1 Cost effective and good guality producis ’
 High degree of flexibiitty to modify or redesig .\
1 Very good performance characteristics

1 Wide are of application

1 Greater productivity in case of maniufacturing organization

L Greater extend of machine utilization

ADVANTAGES

Advantages




Disadvantages of Mechatronics
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High Initial cost
4 Multi-disciplinary engineering background required to
design and implementatich

1 Need of highly trained workers

 Complexity in identification an correction of problems in
the system

dem@ )

Advantages



Mechatronics Applications
« Smart consumer progtcts: home security, camera,
microwave oven, toaster, dish washer, laundry washer-dryer,
climate control units, Autcmatic Digital Camera etc.
«Computer disk VCR/DVD drives, ATM, etc
« Medical: implant-devices, assisted surgery, haptic, etc.
» Defense: unmanned air, ground, and underwater vehicles,
smart weapons, jet engines, etc.
 Manufacturing: NC & CNC machine tools, Rapid
Prototyping, robaotics, etc.
« Automotive: climate controi, antilock Dbrake, active
suspension, cruise controi, air bags, engine management,
safety, etc.
» Network-centric, distributed systems: distributed robotics,
telerobotics, intelligent highways, etc.




Mechatronics Applicatior:s

Robot sensors



Mechatronics Applicatioris

Motion and Force coritrol of an indirect drive robot




Mechatronics Applicatioris

* Programed to track a straight line.

* Programmed for colliston aveidance i outside corridor




Mechatronics Applicatiois

Washing Machine
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_Simple Examples of Mechatronics
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Automatic Sliding Door Auto Garage Opener

Vending Machine



Robot Platforms (1)

NASA Mars Rover Asimo Humanoid

Outdoor Robots Robot Base Station KUKA Manipulator


http://images.google.com.eg/imgres?imgurl=http://www.cs.virginia.edu/~gsw2c/research/robot_images/spot.jpg&imgrefurl=http://www.cs.virginia.edu/~gsw2c/research/spot.html&h=640&w=480&sz=39&hl=ar&start=8&tbnid=w6ocJRwWeAC4mM:&tbnh=137&tbnw=103&prev=/images?q%3DRWI%2Brobot%26ndsp%3D20%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en%26sa%3DN
http://images.google.com.eg/imgres?imgurl=http://www.mechatronics.canterbury.ac.nz/graphics/mars-rover3.jpg&imgrefurl=http://www.mechatronics.canterbury.ac.nz/what.shtml&h=260&w=327&sz=12&hl=ar&start=2&tbnid=x19h00VKLtLOFM:&tbnh=94&tbnw=118&prev=/images?q%3Dmechatronics%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en
http://en.wikipedia.org/wiki/Image:Asimohonda.jpg
http://images.google.com.eg/imgres?imgurl=http://www.atrash.com/old/Vision/robot.jpg&imgrefurl=http://www.atrash.com/old/Vision/equipment.html&h=799&w=827&sz=103&hl=ar&start=7&tbnid=Fy8HDTswE9Q7xM:&tbnh=139&tbnw=144&prev=/images?q%3DRWI%2Brobot%26ndsp%3D20%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en%26sa%3DN
http://images.google.com.eg/imgres?imgurl=http://www.cs.cmu.edu/~mercator/lj3.gif&imgrefurl=http://www.cs.cmu.edu/~mercator/littlejohn/lit1.html&h=240&w=320&sz=23&hl=ar&start=11&tbnid=G-n9OD2ehO1coM:&tbnh=89&tbnw=118&prev=/images?q%3DRWI%2Brobot%26ndsp%3D20%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en%26sa%3DN
http://en.wikipedia.org/wiki/Image:Industrial_robots.gif

Robot Platforms (2}

Qurio Humanoid Robocup Team


http://images.google.com.eg/imgres?imgurl=http://www.uniroma1.it/eventi/img2/aibo.jpg&imgrefurl=http://www.uniroma1.it/ricerca/stampa/canerobot.htm&h=273&w=250&sz=11&hl=ar&start=8&tbnid=nt6Ijq2gSOPwEM:&tbnh=113&tbnw=103&prev=/images?q%3Daibo%2B%2Brobocup%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en

Robot Platforms (3)

Robot sensors


http://www.robotshop.ca/home/suppliers/sharp-en/sharp-gp2d120-ir-range-sensor.html
http://www.robotshop.ca/home/products/robot-parts/sensors/all-robot-sensors/devantech-magnetic-compass-module-cmps03.html
http://www.robotshop.ca/home/suppliers/devantech-en/devantech-8-pixel-thermal-array-sensor.html
http://images.google.com.eg/imgres?imgurl=http://www.gkbcctv.com/upfiles/web11123470860.jpg&imgrefurl=http://www.gkbcctv.com/english/2_product/2_feature.php?FID%3D33%26MID%3D34%26ID%3D13&h=270&w=370&sz=55&hl=ar&start=11&tbnid=HqdAAQZ4W5kARM:&tbnh=89&tbnw=122&prev=/images?q%3DCCD%2Bcamera%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en%26sa%3DN
http://images.google.com.eg/imgres?imgurl=http://www.tu-chemnitz.de/etit/proaut/index.thumb.c9c5f29c78e39a47dcfb79d117164f49.jpg&imgrefurl=http://www.tu-chemnitz.de/etit/proaut/3d_laser_range_finder.99.html&h=150&w=125&sz=5&hl=ar&start=15&tbnid=sMqkjqjUmcMmUM:&tbnh=96&tbnw=80&prev=/images?q%3D%2Bsick%2Blaser%2Brange%2Bfinder%26svnum%3D10%26hl%3Dar%26lr%3D%26rls%3DSKPB,SKPB:2006-50,SKPB:en

Elements of Mechatronics System

Actuators & Sensors [€—--
r
&

Signals & Conditioning

Voo

Digital Logic System

v

- Software & Data
acquisition 5S5ystems

!

Computers & Display
devices




Elements of Mechatronics System

MECHANICAL SYSTEM

- system model - dynamic response

- solenoids, voice coils - swithDes iy S i CONDITIONING
> D(: nu\norx ‘ =l potentiometer - thermocoup!e »|AND INTERFACING
I ‘““rf:p“r:lm(mror“ - phictoelectrics - accelerometer 4l rete circoit flter
- S€ervo motors - digital encoder - EMs . screle circuils . - Crs
- hydraulics, pneumatics i Lnur il M:_ i - amplifiers -A/D,D/D
L
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- 1
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| OUTFUT SIGNAL DIGITAL CONTROL
GRAPHICAL CONDITIONING ARCHITECTURES
DISPLAYS || AND INTERSACING o
- logic circuits - sequencing and timing
- LEDs -LCD -D/A.D/D > - microcontroller - logic and arithmetic
- digital displays - CRT - amplifiers S WIS -SBC - control algorithms
SHQWeT Op aIt® -PLC - communication

- PWM




Measurement System

d Itisa fundamental pairt of many mechatronic system

- _ | signal
transducer —P-I progéstor — recorder

J Transducer converits a ghysical input nto an output,
usually a voltage.
 The signal processor perforims filtering, amplification,
or other signal cond!tioning on the transducer output.
» Sensor = fransaucer
» Sensor = transducer + signal processor.
 The recorder is an instrumeint, a computer, a hard-copy
device, or simply a display that maintains the sensor data
for online monitoring or subsequent processing.



Measurement System Example

Digital Thermometer

thermocouple

recorder
transducer

The thermocouple is a transducer that converts temperature to a small voltage; the
amplifier increases the magnitude of the voltage; the A/D (analog-to-digital)
converter is a device that changes the analog signal to a coded digital signal; and the
LEDs (light emitting diodes) display the value of the temperature.
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