Introduction To
Mechatronics And
Mechatronics System
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Overview of Mechatronics
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"Mechatronics is the application of complex
decision making to the operation of physical
systems."
1997 4t jela Al iy a3 ollia
" Mechatronics is a methodology used for the
optimal design of electromechanical products.”
Bolton 4 o6 Al iy a3 ellia
"A Mechatronics system is not just a marriage
of electrical and mechanical systems and is
more than just a control system it is a complete
integration of all of them and Mechatronics
engineering appears modern concurrent
engineering design practices.
& 98 O sp 5 Ol g yilSall Jaswsall oy paill e ) Sy Al
M) 5 A el o) Sl unigh e Bl a5 Al
Gl slaall L ol S5 5 il 5 yiSIY) 5 SulSoal) ae Jalay




G i) g dnalell 440 25 J) JYA ) S Chealt Chl g yilSaall
 saall Cleliall 5 4K clatiall JUA (o a5 LT
Gl 5 yilSaall il S
s 5 Sl Aadai¥) (e el (il (e il g S0l ¢ oS
Slaall Jodd i g Sl jualic 5 LIS dnplall 4 adaiy)
sensors <3illl gctuators and microcontrollers
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1- Sensor perceive environmental
2- Actuators make decision

3- Controllers take action
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1- Physical system modeling

e Jatis
e mechanics of solids

e translation and rotational systems

o fluid systems

e electrical systems

e thermal systems

e micro and nano systems

e rotational electromagnetic MEMS

2- Sensors and actuators

&1 oae N sensors J) awati
1- optical

*

ex photodiodes

* phototransistor




2- magnetic
* hall effect device
3- acceleration
e MEMS ACCELEROMETERS
4- force
e strain gauge and load cell (strain gauge
are hard to mount on flexures
e prefab load cells are expensive
e Very accurate
o very stiff

e multiaxis load cells are available




sensors J J&Sa&) ax oda

T hermocouple

sInconveniently low voltage

*Meed a reflerence junction &l Known emperature
*Can be very small, inexpensive

*Larpe icmperaiure range

z Pl k. Connoa il
*Moderately linear = con

sUnit=to-unit very repeatable

P DR & T

Hall effect devices:

Unilateral switch (a few gauss)
Bilateral switch

Latching switch

Analog output (100 gauss)

Earth's field: 2 pauss

Strong magnet: 1000 gauss




Photodiodes — photons Kick up electrons

that conduoct through a reverse-biased diede junction




MEMS

_.— Torsion Bar
Pedestal

: |  Upper, Mobile
il Poseedf L Capacitor Plate
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Capacitor Plate

‘/,.a Upper, Cap. Plate

T 7/




4- Actuators

e Elctro-mechanical actuators
e Motors
DC motors
AC motors
Stepper motors
e Piezoelectric actuators
e pneumatic and hydraulic actuators
e micro and nana actuators

5- Signals and systems

e Mechatronics modeling

e Signals and systems in Mechatronics
e Response of dynamic systems

e Root locus method

e Frequency response method

e State variable method




e Stability , controllability and observability
e Observers and kalman filters

e Design of digital filter

e Optimal control design

e Adaptive and non-linear control design

e Neural networks and fuzzy design

e [ntelligent control for Mechatronics

e |[dentification and design optimization

6- Software and data acquisition

e Data acquisition systems

e Transducers and measurement systems
e A/D , D/A conversion

e Amplifiers and signals conditioning

e Computer based instrumentation system
e Software engineering

e Data recording




6- Computer and logic systems

e Digital logic
e Communication systems
e Fault detection

e Logic system design

e Asynchronous and synchronous
sequential
e Computer architectures and

MICroprocessors
e System interfaces
e Programmable logic controllers PLC

e Embedded control computer




Introduction of Mechatronics Design

The following figure show the modern Mechatronics
system

Link to other systems
the internet
wire lessz communication

Human - machine interface
[human factors]

Computer D5SP [controller)
decizion making l
[play central role in modern

mechatronics)
Instrumentation
Energy p Actuation
cOonyersion Powics
5'9"5.'[ ; modulation
conditioning
[sensors]
Pypszical system
[ mechanical . electrical ]
-i—

And this also show the Mechatronics but in

general view.




Mechanical N
system | Sensor -
(Physical) I'-'!easurment
signal
Interface
T Filter
ASD
Amplifier.ect
Actuator
Plant
Dutput zignal interface
amphlify power of signals
condition : Controller
MCU [or other PC
PLC . ect]

Contain control
algorithm . desicion
making theory

Output Display
LED . CRT . buzzer
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electrical drives, pneumatic and hydraulic

drives
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Modeling and simulation of Mechatronics

system
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Modeling perspectives

(A) System properties
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( C ) Control system design
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Automated steering systems for vehicles on

automated highways
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The Partners For Transit and Highways
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Link to other systems Human - machine interface

[ the wvehile control syz) [ the driver )

[ ABS control sys )

computer [ control

algorithm non linear
adaptive control ] l

Sensors Actuators
magnetometer the
steering wheel actuators in
angle the ABS
camera and wehile
control
I Physzical systems
[ vehile and highways ]
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