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Mechatronics, as an engineering discipline, is the synergistic combination of mechanical
engineering, electronics, control engineering, and computers, all integrated through the
design process. It involves the application of complex decision making to the operation of
physical systems. Mechatronic systems depend on computer software for their unique
functionality. This course studies mechatronics at a theoretical and practical level; balance




between theory/analysis and hardware implementation is emphasized; emphasis is placed on
physical understanding rather than on mathematical formalities. A case-study, problem-
solving approach, with hardware demonstrations, either on video or in class, and hardware
lab exercises, is used throughout the course. This course covers the fundamental areas of
technology on which successful mechatronic system designs are based: physical modeling,
from design model to truth model, and mathematical modeling of dynamic multidisciplinary
physical systems; analysis of mathematical models through analysis and computer
simulation; measurement systems (analog and digital sensor modeling, analysis, and
implementation) for model validation and control; control actuator (electromechanical and
fluid) modeling, analysis, and implementation; continuous controller design and real-time
analog and digital implementation; analog and digital control and power electronics.
Throughout the coverage the focus is kept on the role of each of these areas in the overall
design process and how these key areas are integrated, from the very beginning of the design
process, into a successful mechatronic system design. Starting at design and continuing
through manufacture, mechatronic designs optimize the available mix of technologies to
produce quality precision products and systems in a timely manner with features the
customer wants. The real benefits to industry of a mechatronic approach to design are shorter
development cycles, lower costs, and increased quality, reliability, and performance.

The integration of electronic engineering, electrical engineering, computer technology
and control engineering with mechanical engineering is increasingly forming a crucial part
in the design, manufacture and maintenance of a wide range of engineering products and
process. A consequence of this is thus the need for engineers and technicians to adopt an
interdisciplinary and integrated approach to engineering. The term mechatronics is used to
describe this integrated approach. A consequence of this approach is that engineers and
technicians need skills and knowledge that are not confined to a single subject area. They
need to be capable of operating and communicating across a range of engineering disciplines
and linking with those having more specialist skills. The course is an attempt to provide a
basic background to mechatronics and provide links through to more specialized skills.
The overall aims of the course are to help the students:

(1) Acquire a mix of skills in mechanical engineering, electronics and computing which
is necessary if he/she is to be able to comprehend and design mechatronics systems;

(2) Become capable of operating and communicating across the range of engineering
disciplines necessary in mechatronics.
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MECHANICS OF SOLIDS
TRANSLATIONAL AND ROTATIONAL SY9
FLUID SYSTEMS

MECHATRONICS MODELING

SIGNALS AND SYSTEMS IN MECHATRONICS
RESPONSE OF DYNAMIC SYSTEMS

ROOT LOCUS METHODS

FREQUENCY RESPONSE METHODS

STATE VARIABLE METHODS

ELECTRICAL SYSTEMS

THERMAL SYSTEMS

MICRO- AND NANO-SYSTEMS

ROTATIONAL ELECTROMAGNETIC MEM|

PHYSICAL SYSTEM ANALOGIES
FUNDAMENTALS OF TIME AND FREQUENCY

SENSOR AND ACTUATOR CHARACTERISTICY
SENSORS
Linear and rotational sensors
Acceleration sensors
Force, torque, and pressure sensors
Flow sensors
Temperature measurements
Ranging and proximity sensing
Light detection, image, and vision systems
Fiber optic devices
Micro- and nanosensors
ACTUATORS
Electro-mechanical actuators
Motors: DC motors, AC motors, and stepper mo|
Piezoelectric actuators
Pneumatic and hydraulic actuators
Micro- and nanoactuators

Sensors and Actuator:
Software and
Data Acquisition

DATA ACQUISITION SYSTEMS
TRANSDUCERS AND MEASUREMENT SYST]
A/D AND D/A CONVERSION

AMPLIFIERS AND SIGNAL CONDITIONING

COMPUTER-BASED INSTRUMENTATION SY§
SOFTWARE ENGINEERING
DATA RECORDING

STABILITY, CONTROLLABILITY, AND OBSERV|
OBSERVERS AND KALMAN FILTERS

DESIGN OF DIGITAL FILTERS

OPTIMAL CONTROL DESIGN

3
ADAPTIVE AND NONLINEAR CONTROL DESI]
(I BT MV 1l o] NEURAL NETWORKS AND FUZZY SYSTEMS
INTELLIGENT CONTROL FOR MECHATRONIQ
IDENTIFICATION AND DESIGN OPTIMIZATION

{ Signals and Systems
Computers and
Logic Systems

DIGITAL LOGIC

COMMUNICATION SYSTEMS

FAULT DETECTION

LOGIC SYSTEM DESIGN

ASYNCHRONOUS AND SYNCHRONOUS SEQUENTIA
COMPUTER ARCHITECTURES AND MICROPROCESS
SYSTEM INTERFACES

PROGRAMMABLE LOGIC CONTROLLERS
EMBEDDED CONTROL COMPUTERS
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Understand the importance of the integration of modeling and controls in the design of
mechatronic systems.
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Understand the dynamic system investigation process and be able to apply it to a
variety of dynamic physical systems.
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Understand the importance of physical and mathematical modeling (both from first
principles and using system identification experimental techniques) in mechatronic
system design and be able to model and analyze mechanical, electrical, magnetic,
fluid, thermal, and multidisciplinary systems and identify the analogies among the
various physical systems.
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Be able to develop a hierarchy of physical models for a dynamic system, from a truth
model to a design model, and understand the appropriate use of this hierarchy of
models.
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Become proficient in the use of MatLab/Simulink and LabVIEW to model and analyze
linear mechatronic systems.
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Understand the key elements of a measurement system and the basic performance
specifications and models of a variety of analog and digital mechatronic sensors.
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Understand the characteristics and models of various electromechanical actuators
stepper motor and hydraulic and pneumatic actuators.
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Understand analog and digital circuits and components and semiconductor electronics
as they apply to mechatronic systems.
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Understand and be able to apply, with the use of the MatLab and LabVIEW, various
control system design techniques: open-loop feedforward control, classical feedback
control (rootlocus and frequency response), and state-space control.
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Understand the digital implementation of control and basic digital control design
techniques.
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Become proficient in the use of MatLab and LabVIEW to design and analyze analog
controllers and verify their digital implementation.
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® Have an awareness of more advanced control design techniques, e.g., model predictive
control, adaptive control, fuzzy logic control, and multivariable control.
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® Be able to implement a real-time controller through the use of National Instruments
control hardware and LabVIEW programming.
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® Be able to apply all these skills to the design and analysis of a mechatronic system.
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® \What is mechatronics 1
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® Mechatronics key element
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Chapter 1:
=Napter 2. ® Basic theory and key technology

Mechatronics
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SYS er?*%(?il)gn ® The mechatronics design process 1
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2 Hours

® The state of art of the mechatronics system
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® Syllabus introduction
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® Sensor and transducers 1
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S_Lensors and ® The key specifications ) 1
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Transducers — -
) ® Measuring in mechatronics sy\s,tem‘ . 1
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4 Hours ® Uncertainty analysis of sensor or measurement system 1
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@ |Introduction 1
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Conditioning and @Zj(_%%)
Data Acquisition | ® Ti'ering 1
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® A/D Conversion
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Introduction

1
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) Mechanical System and Basic Requirement
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system and Mecham/t:fll Actuation and Gfude/ Transportation system 1
Actuation Device (WUBRAAAT BRI 52 1) S A% 3 FR 55¢)
B AR SRHAT Fluid Power System  (Pneumatic and hydraulic) 1
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4 Hours
Director Current Motors and Stepper Motors 1
(ELIR H LA 3 F L)
Chapter 5: Introduction 2
Mechatronics (r#)
system Modeling Establish the Model ~ (Mechanical/Fluid/Electrical/Coupling)
and Simulation (E#5)
(RGiRAI 2 Simulation based on MATLAB/Simulink )
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4 Hours
Introduction )
(r4)
Chapter 6: The Steady-state design
Mechatronics (Fe&wit)
system Design Dynamic Design 2
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W) Dynamic Design 2
8 Hours (Bha&iet)
Reliability and Safety 2
(RTEEPEAN 22 42 1)
DAQ and data analysis 2
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C—ham Lab VIEW programming
Case stud_les and (LabVIEW i)
Lab experiment - - -
(12 5] 5 ) Modeﬂng a‘nd simulation )
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