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History

(Ktesibios water clock)

m Ktesibios water clock
m Watt Governer

m Space Projects

m 1969: Japanese

engineer (electric co.)
coined MechaTronics

(Mechanism+electronics)
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Recent Trends

m 1970s — Servo technology (vendin
machines, auto focus cameras, etc

m 1980s — Embedded microprocessors (N/C,
robots, EMS, ABS, etc)

m 1990s — Communication technology
(remotely controlled micro sensors and
actglators, MEMS, tiny sensors in airbags,
etc

m Today — Vast educational programs
worldwide.
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Divergence/Convergence

m Primary engineering disciplines
(mech/elecr/chem) separated in the 19’th
and most of the 20’'th century,

m Electronics/IT part of almost any product
today,

m The re-merging of primary engineering
disciplies and computer technology widens
the engineering perspective for producing
very complex products.
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Mechatronic products

R Following mechatronic principles, General Electric's Profile
e Super 32 clothes washer features a sensor-based feedback
control that maintains correct water temperature no matter

the load size

Consumer products
Robots

Cars

Computer products
Space/Weapons
Photo copier

Ant1 lock brakes

Etc etc etc

NOT a mechatronic
product: the BBQ
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What 1s Mechatronics?

Mechatronics 1s the synergistic
combination of mechanical
engineering, electronics,
controls engineering, and
computers, all integrated
through the design process.

[t nvolves the application of
complex decision making to the
operation of physical systems.

AHdyyoouak __-’,f

Mechancal

Mechatronic systems depend
for their unique functionality (0,

'/
ER pROpUCTS

on computer software.
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Involved Knowledge

m Concurrent Multi-Domain
Modeling

Engineering Design
Material Properties
Electrical Measurement
Digital/Analog Control
Sensors/Actuators

Micro ElectroMechanical
Systems (MEMS)

m Power Electronic Control

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com

Markat Assessment
Laws and Regulations
Development Method
Team Management
Production Technology
Industrial Design
Surface Coating
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No Single One Can Do All

Teamwork is Necessary

Cultural Barriers

Geographically Distant Experts

Innovative Organizing

Innovative Development Process

Innovative Resource Allocation

Mutual Understanding Among Team Members
Interdisciplinary Knowledge
Competence/Cooperation

Respect Other Experts Competence
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, The 4 Central Components
Mechatronic System Elements S e T

Other Components — ,/Operator Interface

Communications Human Factors
Computation )
Software, Electronics
At The Center!
Actuation Instrumentation
Power Modulation Energy Conversion
Energy Conversion Signal Processing

Controlling Power
Delivery

Target System What's Happening

Mechanical, Fluid.
Thermal, Chemical.
Electrical

What All The Fuss
Is About!
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Integrated Product Design

7
_~ DESIGN

______________ \{<PHYSICAL SYSTEM ==
AN I
I I

DYNAMIC | computer
MODEL e PROTOTYPE

| o

I
: TEST &
SIMULATION [-=-( < \1eASUREMENT

o aminsion) .

DESIRED
ANALYSIS [—>( J«—

y ‘ + PERFORMANCE

----------1
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Mechatronics Integrated
Design

s Complex Problems
= Multi-Domain SubSystems

= Optimization in Subsystems may not
Lead to an Optimal Total Design

m Concurrent (Integrated) Optimization
IS heeded

s Multi-Domain Physical Modeling
» Powerful Software Framework Needed
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Different Design Views

a0 P )
P ol
Mechanical design Electromechanical
views design views

fd—_
f

Controller and
Software design

Q——_:;‘——-“‘? views

.
Core model .
Electronic
hardware design
views

Concurrent model based engineering,
k\one model many views J/,
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Steer-by-Wire System

(Roos & Wikendar)

—-
(ﬂ.
. ““H
.. Steering wheel
. { Joy-stick
/
Driver
Mechatronic
~ feedback
J
- module
‘‘‘‘‘ TTP,

communication bus

ey e

Stability Control

Mechatronic
Steering rack
(wheel actuator)

LF wheel RF wheel
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Conceptual Design

System requirements
(vehicle system)

s T T = ™~
Sub-system 1 [ Sub-system n )
requirements \ requirements )
T — — — —

rF———_——

I

Functional Non-Functional | .
Requirements Requirements

\ Requirements identification

Functional structure

(Functional model) . oL
Evaluation and optimisation

| / of conceptual design

Conceptual Conceptual
design 1 design 2

Conceptual
design 3

Conceptual
design n
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Sub-system Design

Optimal concept _—— e — — — Etc; 3
Electric  view Y |
_______ —

______________ _ _ _ __ __ _Geometric view y | |
Control view\ | | |
""""" 111
Gear box model Maotor modelj E:nntrnller mnde] Load model : : : }
----------- 1 r

Modelling of sub-system },r

components
—— e — — o — o o s S . I . T S I . S — —
Analysis and
optimisation

Model database

EMF

Models of physical properties
and phenomena
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The Mathematical Model

Physical equations

de, An Example - The Motor Drive

oJ T = T,
7 Jf% R I-T, Wrcontroller oo -_; 11210
L AL
(D, = Ny Pl ._Iﬁ_c! .:!_I:E'
T, = nT, n=100 ZLM
dl

L. = + Rl = Vo — bty
it

-
o)
Vo= ko, — w4+ ixj Ra=0.5 I
ax ) ) o JIm=1.0E-3
—:fri'._l:'rl. J.-L
dt <
@ ‘[-:E_D]'

Four differentiated variables
Three algebraic equations S
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The Mathematical Model

Physical equations State space model

el f

L_,rl,; dt Jo 4+ nild,,

J —2 =k I—-T, dl R, k2 1
it —_— =]+ =, — 0 + —x
are 3t - L.l T L@ Ot )
Tg=nTn — L”’ oy,

I dl B I—V _i I T

-::T"‘ gL — ¥ ag— fJ:JfgnJ L_ = (i), — (i)

i dt ’ '
N 1
Vo= ko, — w4+ ?t:]
dx _ o, Three state variables
=, —
dit Parameters of motor and load
mixed

Four differentiated variables

Three algebraic equations alleaelllef s 2o
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An Example - The Motor Drive

_|_
controller = _
e R < IR
P I B | T —
|_. Nn=100 |
N
Ra=0.5 :g}
(-
g Im=1.0E-3
< A
= = —
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MECHATRONICS

A Case Study on
Design, Manufacturing &
PC-based Real-Time Control
of

Furuta Inverted Pendulum

A. H. Davaie Markazi
markazi@iust.ac.ir

Mechatronics Laboratory
Mechanical Engineering Department
Iran University of Science and Technology (IUST)
http://mech.iust.ac.ir

ISEE 2006-ISME 2006
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MECHATRONICS

Team Members

Control Group
Yaser Shanjani  Applied Mechanics-
Control, Manufacturing

Mahmood Arefian
Applied Mechanics- Control

Sensors & Actuators Group

Roozbeh Ahmadi
Manufacturing- Robotics, Measurement

Mohsen Shokri
Manufacturing- Robotics

Simulation Group
Vahid Azimi Manufacturing- Robotics

Supervisor
A. H. Davaei Markazi

Associate Prof, Mech. Eng. Dep.

IUST
Control, Mechatronics

Manufacturing Group
Mahdi Abasi  Manufacturing- Control, Simulation

Esmaeil Bagheri Manufacturing- Vibration, Metallurgy

Real-Time Group

Amir Fasih  Manufacturing- Control, Railways

Iran University of
Science and Technold
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MECHATRONICS

Interdisciplinary flow of information

Iran University of
Science and Technold
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MECHATRONICS

Interdiscipliary Collaborations

& Manufacturing

controlled Mechanical e - L
Resolution Sampling
system parameter study Time

Dynamic Modeling Mechanical tuning Resolution rerSorm

Ogtiogs for
& Manufacturing Dimensions Modeling

. Sensors limitations
Confirmation

Input

Noise Noise Interface

characteristics characteristics

Static/dynamic = Static/dymnamic Output

Interface

Input Interface Output
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MECHATRONICS

Project Flowchart

v
|

Mechanism Type Mechanical . o N
Selection (Furuta) Design \\Sat'Sf'ed//

.

Analytical Modeling & Model Verification Both Inputs are

Ready

Manufacturing

Controller
Design

L Computer Based Control

</ Satisfie d\fj> Implementation (xPC)

.

o Calibration
Sensors & Actuator < — Satisfied
Selection N =

N

TARGET

Iran University of
Science and Technold
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MECHATRONICS
Modeling
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MECHATRONICS

Multi-domain physical modeling

Resi... Incluctor

FiwedT..r=T,
m=.012

Encoder

IdealeaH =55

hiotor

m
]
[y
(il
I=
|
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o
=
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o
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iy

7 5w

State Feedback Controller Gain Matrix

Iran University of
Science and Technold
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MECHATRONICS

Mechanical Analysis

Modal Analysis
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MECHATRONICS

Mechanical Design & Manufacturing

Conceptual Design
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MECHATRONICS

Controller Design g

Motar Input Woltage Scope

0 ® = Ax+HBuU . A > |:|
y = Cx+Du
Constant

radto Deq  States Scope
State-Space

outt
obs_num1_d(2)

—] outz
obs_den_d(2)

‘_

Digital Chserver based Controller
Discrete
Transfer Fen1

NS

obs_num2_d(2)
obs_den_d(2)

. Theta
theta angular velosity
Discrete : : : oo \ Lo
H : R I angular velosity
Transfer Fen2 Motor Current

i
1.6
Tirme (s)

Iran University of
Science and Technold
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MECHATRONICS

Sensors & Actuator

Iran University of
Science and Technold
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MECHATRONICS

Real-time control

mE 232
Serial cornection

> | |ul —>==1.53

Saturation Abs Compare Stop Simulati
To Constant I

Base_Angle (Rad)

Controller Command
Pendulum_Angle (Rad)

Input from encoders Controller Qutput to motor
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2001024 e

Yoltage Scope

shange to degree
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ol e m Analog Output
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adapt to Motor Driver
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MECHATRONICS

Result

4|
Iran University of "__
science and TechnolJiE= =

4
=
=
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MECHATRONICS

Time Table
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Conclusion

m Higher performance, less expensive and on-
time products need Mechatronics.

m Educational and technical discipline.

m A design philosophy

m Involves technical as well as teamwork
barriers

m Multi-domain Physical modeling is a must.

s Mechatronic is best learnt by doing.
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Steer-by-Wire System

(Roos & Wikendar)

-+
(—\.
. ""“'---x
.. Steering wheel
. ! Joy-stick
/
Driver
Mechatronic
~ feedback
J
module
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1

1
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I communication bus
i
1

Stability Control

Mechatronic
Steering rack
(wheel actuator)

LF whee| RF wheel
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3=D Geometric View
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ElectroMechanical View

_ M =
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+ C Converter/ F=Cf*| ~ F, mm, v
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Control View
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FD controller
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Parameter Optimization

7l
Vi

$

& /&8
a Linkage geometry] X | X OO
Y Linkage mass, m] X | X O X
2 Mover mass| X | X O X
5 % Stator geometry| QO | O O X
S S| ~Number of Winaings| O | O| [O | O
" Max current, Im Ol X 0|10
s -E Motor Resistance| O | O X|0O
£ £| Force constant, C¢ O| X O
% e | Voitage constant, C,| % | O O

Controller design] X | X X
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Parameters Optimization

T i - N
l I
: , ]
L& i
| 1
w b b oml odm lmowm ROL Cf Cv Im
Linkape witdlh | w X
Linkagre hipht [ X ._-?
Linkage lenpth Il X =
Linfuge mosy mi o |2
Mover divmeter i XXX X x X J.-
Mover length m| X|X|X]| X | X ]| X
Muover auiasy i O
Motor Resitance R X
Mortor Inductance L X
Moror Force Const. Cr O
Motor Voltage Const. v
Rited Motor Carrent X| X |

X — direct relation
O — medereet relation (g, sely requirmenls v
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