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Mechatronics Systems

L PLis — Rk R 4

Lesson 1 Overview of Mechatronics

PR — L ik

Read the following passages, paying attention to the questions in the boxes.

Y% PART A: TEXT

The portmanteau “mechatronics” was coined by Tetsuro Mori, the senior engineer
of the Japanese company Yaskawa in 1969. Mechatronics has evolved into a way of
life in engineering practice, and it pervades virtually every aspect of the modern world.
Mechatronics is the combination of mechanical engineering, electronic engineering,
computer engineering, software engineering, control engineering, and system design
of engineering in order to design and manufacture useful products. Mechatronics is
a multidisciplinary field of engineering, that is to say, it rejects splitting engineering
into separate disciplines. Originally, mechatronics just includes the combination of
mechanics and electronics, hence the word is only a portmanteau of mechanics and
electronics. However, as technical systems have become more and more complex, the

word has been “updated” during recent years to include more technical areas (Fig.1-1-1).
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1. Who created the word “mechatronics” first?

2. What are the classifications of mechatronics?

Fig.1-1-1 Schematic Diagram of Mechatronics

Now mechatronics engineering unites the principles of mechanics, electronics,
and computing to generate a simpler, more economical and reliable system.
Mechatronics is centered on mechanics, electronics, computing, control engineering,
molecular engineering (from nanochemistry and biology), and optical engineering,
which, combined, make possible the generation of simpler, more economical, reliable
and versatile systems. An industrial robot is a prime example of a mechatronics
system; it includes aspects of electronics, mechanics, and computing to do its day-to-
day jobs (Fig.1-1-2).

3. How can you become a mechatronics engineer?
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Fig.1-1-2 An Example of Complex Mechatronics System

Engineering cybernetics deals with the question of control engineering of
mechatronic systems. It is used to control or regulate such a system (See Unit 3
Lesson 2 Control Theory). Through collaboration, the mechatronic modules perform
the production goals and inherit flexible and agile manufacturing properties in the
production scheme. Modern production equipment consists of mechatronic modules
that are integrated according to a control architecture. The most known architectures
involve hierarchy, polyarchy, heterarchy and hybrid. The methods for achieving
a technical effect are described by control algorithms, which might or might not
utilize formal methods in their designs. Hybrid systems important to mechatronics

include production systems, synergy drives, planetary exploration rovers, automotive
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subsystems such as anti-lock braking systems, power steering systems, and every-day

equipment such as autofocus cameras, videos, hard disks and CD players.

4. Please give an example of a mechatronic system.

" NEW WORDS AND EXPRESSIONS

mechatronics Pl —&fL, B 2
multidisciplinary AFESFFERIE, A RSN Y
the combination between mechanics and electronics LR FI 27 (152 XL
portmanteau B HiA)
control engineering P TREF
molecular engineering FILEYE
nanochemistry YKk
algorithm B
. NOTES

1. Mechatronics is the combination of mechanical engineering, electronic
engineering, computer engineering, software engineering, control engineering, and
system design engineering in order to design and manufacture useful products.

GIERE N S 1 - R N 7 [ B G L S O 2 T 94
Forvat TREMEE, HLABGHASER ™6

2. Now mechatronics engineering unites the principles of mechanics, electronics,
and computing to generate a simpler, more economical and reliable system.

WA B — A TR Sy 2A 5, 72 S B SR 2 A i) —
AR ERTE, EAalSEMRS.

3. Through collaboration, the mechatronic modules perform the production goals
and inherit flexible and agile manufacturing properties in the production scheme.

WA, FLBBERT DUABBHEREEOR, T HAE - R RN . REE.

4. Hybrid systems important to mechatronics include production systems, synergy

drives, planetary exploration rovers, automotive subsystems such as anti-lock braking
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systems, power steering systems, and every-day equipment such as autofocus cameras,
videos, hard disks and CD players.

XL —LTT S, HEZWREREAFEE™ RS, WHRSE, HWE,
IEIBTHISER L Fem B H REMNRE T RE, LISGEINE S AL, PR
Jaas BEAE S CD #EBERSE H # s

" PART B: READING

Mechatronics and Smart Materials

Brook Hinzmann, a program manager at Stanford Research Institute International’s
Business Intelligence Center, predicts mechatronic systems will also radically
alter product design and development. Technology advances underpinning system
development include the following:

e Sensors. Size and weight of traditional sensors preclude their use for many
applications. Look for micro-sensors, including semiconductors, fiber-optic, and
biosensors to open up new application areas.

® Integrated circuits. Price/performance continues to improve to the point where
32-bit microprocessors costing less than $5 are likely to be standard technology by
1995. Working in concert with the systems, reduced instruction-set architectures will
improve real-time processing of large volumes of information power. ICs that combine
power-control switches and logic circuits on the same chip will allow designers to
reduce system size and weight, in addition to improving its reliability.

Complementing and enhancing these technologies are smart materials that change
shapes, colors, forms, phases, electric fields, magnetic fields, optical properties, and
other physical characteristics in a preselected response to stimuli in the environment.
Hinzmann sees these materials leading to new mechanical concepts—actuators and
motors that operate without traditional mechanical components, such as gears and
pulleys. This will help manufacturers respond to important trends like dematerialization

(doing tasks with less material).

1. Which parts do technology advances underpinning system development |
include?

2. How can we enhance these technologies?
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“Smart materials help bridge the gap between the ability to manipulate information
and capability to use that information to direct mechanical action,” says Hinzmann,
“Designers will be able to use the materials to simplify products, add features, reduce
material use or reduce the expense and complexity of providing product variations for
market niches.”

The concept of smart structures (assemblies built with smart materials) grew
out of the special requirements of the space program. For instance, there is no natural
damping in space, according to Professor Sathyanaraya Hanagud at Georgia Institute
of Technology. To maintain proper shape, a structure such as a boom must have sensors
that detect deformations in real time and actuators that autonomously counteract those

deformations.

3. What is the concept of smart structures? J

Building on this concept, Hanagud recently completed an engineering study
for the Army Research Office where he bonded piezoelectric sensors and actuators
to slender beam models of helicopter rotor blades in a successful attempt to damp
vibrations. He plans further research on the use of special electrostatic films and shape
memory alloys to produce the same effect.

The current generation of smart materials and structures remains devoid of
any adaptive learning capacity, reports Professor Muskeh V. Gandhi at Michigan
State University. He believes manufacturing engineers should characterize the smart
materials for structural application by their ability to respond in real time to changes in
external stimuli, to interface with modern microprocessors and solid-state electronics,
and to exploit modern control systems.

Gandhi adds that manufacturers will achieve these characteristics through coherent
integration of the following: a structural material, a network of sensors, a network
of actuators, microprocessor-based computation capabilities, and real-time control
capabilities. The network of actuators will provide the muscle to make things happen;
the network of sensors will be the nervous system; structural materials will make up the
skeleton; and the microprocessor-based computational capabilities will add the brains
that ensure good system performance.

Future smart materials will be capable of self-diagnosis, repair, and learning, notes

Gandhi. They also could have capability to anticipate problems. An attack helicopter
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would then be capable of in-flight structural surveillance if its rotor were a smart
composite structure. On detection and measurement of changes in the rotor’s vibration
response characteristics, the sensing network would begin a qualitative and quantitative
damage assessment. It could then initiate a corrective action, such as redistributing
loads around highly stressed regions of the rotor structure to control damage, or even

instruct the helicopter to abort its mission.

4. What are the future smart materials?
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Mechanisms

P& R R B 454

Read the following passages, paying attention to the questions in the boxes.

"?: ‘é“'/:
. PART A: TEXT

However simple, any machine is a combination of individual components
generally referred to as machine elements or parts. Thus, if a machine is completely
dismantled, a collection of simple parts remains such building blocks of all the
machinery as nuts, bolts, springs, gears, cams, and shafts. A machine element is,
therefore, a single unit designed to perform a specific function and capable of
combining with other elements. Sometimes certain elements are associated in pairs,
such as nuts and bolts or keys and shafts. In other instances, a group of elements are
combined to form a subassembly, such as bearings, couplings and clutches.

In this section, we will introduce a special machine that may be used commonly.
A grinding machine is a machine which employs a grinding wheel for producing
cylindrical, conical or plane surfaces accurately and economically, and to the proper
shape, size and finish. The surplus stock is removed by feeding the work against the
revolving wheel or by forcing the revolving wheel against the work.

There is a great variety of grinding machines. The machines that are generally
used are cutter grinders, surface grinders, centreless grinders, external grinders, and
internal grinders.

Principal parts of a Plain Grinding Machine (Fig.1-2-1):

(1) The base. The main casting of a plain grinding machine is a base that rests on
the floor.

1. Which parts will we find if a machine is completely dismantled?
2. What’s the grinding machine?
3. How many kinds of grinding machines are there?

4. Which parts is the plain grinding machine composed of ?
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(2) Tables. A sliding table, which is mounted on the ways at the front and top of
the base, may be moved longitudinally by hand or power to feed workpieces past the
face of the grinding wheel.

(3) The headstock and tailstock. A motor-driven headstock and a tailstock are
mounted on the left and right ends, respectively, of the swivel table for holding
workpieces on centers. The headstock center on a grinder is a dead center, that is, both
centers are dead to insure concentricity of the periphery of the ground work with its
axis.

(4) The wheel head. A wheel head that carries a grinding wheel and its driving
motor is mounted on a slide at the top and rear of the base. The wheel head may be

moved perpendicularly to the table ways, by hand or power, to feed the wheel to the

work.

ig.1-2-1 A Grinding Machine

NEW WORDS AND EXPRESSIONS

grinding machine B PR
grinding wheel e
cutter grinder T HEE IR
surface grinder RAIL=17S
centreless grinder ToOBE R
external grinder A B R

internal grinder AT 58] AR



