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Lesson 1

— Dialogue ~

A: Welcome to our NC training center. This is our NC training center, where
the students majoring in electromechanical integration technology and CNC
technology accept practice and training, and an important teaching and scientific
research base for teachers of Electromechanical Engineering Department.

B: Can I have a look at the equipment?

A: Of course. This is a NC lathe made in Japanese. We can not only straight
turn, thread, and cut slots, but also drilling, boring and reaming holes on it.

B: OK, quite good.

N J/
5§/Text

Mechatronics

The success of industries in manufacturing and selling goods in a world market
increasingly depends upon an ability to integrate electronics and computing technologies
into a wide range of primarily mechanical products and processes. The performance of
many current products—cars, washing machines, robots or machine tools and their
manufacture depend on the capacity of industry to exploit developments in technology
and to introduce them at the design stage into both products and manufacturing
processes. The result is systems which are cheaper, simpler, more reliable and with a
greater flexibility of operation than their predecessors. In this highly competitive
situation, the old divisions between electronic and mechanical engineering are
increasingly being replaced by the integrated and interdisciplinary approach to
engineering design referred to as mechatronics.

In a highly competitive environment, only those new products and processes in
which an effective combination of electronics and mechanical engineering has been
achieved are likely to be successful. In general, the most likely cause of a failure to
achieve this objective is an inhibition on the application of electronics. In most
innovative products and processes the mechanical hardware is that which first seizes the

imagination, but the best realization usually depends on a consideration of the necessary
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electronics, control engineering and computing from the earliest stages of the design
process. The integration across traditional boundaries that this implies and requires lies
at the heart of a mechanotronics approach to engineering design and is the key to
understanding the developments that are taking place.

To be successful, a mechanotronics approach needs to be established from the very
earliest stages of the conceptual design process, where options can be kept open. In this
way the design engineer, and especially the mechanical design engineer, can avoid going
too soon down familiar and perhaps less productive paths.

Where full attention has been given to market trends, the adoption of an integrated
mechanotronics approach to design has led to a revival in areas such as high speed textile
equipment, metrology and measurement systems, and special purpose equipment such as
that required for the automatic testing of integrated circuits. In most cases the revival or
new growth is brought about by the enhancement of process capability achieved by the
integration of electronics, often in the form of an embedded microprocessor, with the
basic mechanical system.

This demand for increased flexibility in the manufacturing process has led to the
development of the concept of flexible manufacturing systems in which a number of
elements such as computer numerically controlled machine tools, robots and
automatically guided vehicles are linked together for the manufacture of a group of
products. Communication between the individual elements of the system is achieved by
means of local area networks.

Within products the diversity and opportunity offered by a mechanotronics approach
to engineering design is to date largely unrealized. End user products are substantial
revenue earners and it is possible here to distinguish between existing products offering
enhanced capabilities and completely new product areas which would not have existed
without a mechanotronics design approach having been adopted from the outset.

In the first category the following are illustrative from many examples:

Automotive engines and transmissions Engine and driveline management systems
leading to reduced emissions, improved fuel economy, protection against driver misuse
by, for example, prohibiting excessive fuel flow at low speeds, and selectable gear
characteristics.

Power tools Modern power tools such as drills offer a range of features including
speed and torque control, reversing drives and controlled acceleration.

Examples in the second category include the following:

Modular robots Conventional industrial robots are often limited in their operation by
their geometry. By providing a range of structural components and actuators together
with a central controller a modular robot system has been made available, allowing users

to assemble robot structures directly suited to their needs.
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Video and compact disc players Video and compact disc systems involve complex
laser tracking systems to read the digitally encoded signal carried by the disc. This
control is achieved by means of a microprocessor based system which also provides
features such as multiple track selection, scanning and preview.

A common factor in consumer mechatronics as exemplified by the above is the
continuous improvement in capability achieved against a constant or reducing real cost to
the end user. The capability of a mechanotronics system, based as it often is on
inexpensive components or modules, also provides a means to execute bespoke solutions
to special problems.

In engineering design, a mechatronics approach requires the integration of a wide
range of material and information aimed at providing systems which are more flexible
and of higher performance than their predecessors. Thus, for full benefit and effect,
mechatronics must be a feature of both the conceptual and functional stages of the design
process.

In manufacturing, users are demanding a much higher degree of control of both the
overall process and its components. This requires knowledge both of the capabilities of
these components and of the means by which they are integrated within the complete

system.

\% Words and Expressions

exploit v FER LRI E, K45 s D5, UK
innovative a. FOHHY L BURTAY A R AR
seize v I, TR A

lie at the heart of poalLLLl B O O 48O I 7E
embodiment n BRAL, BRI, B &
revival no B4 WRE A

metrology no A DA AE L TR
bring about SR, 7R R R, 2 S
enhancement ne YGOSR R LK
automatically guided vehicle H3 S50 /N E, B3l 5 248
local area network Jry S8 I, A 1)

diversity no AR S 2P0 2R
to date 4 B HATy Ik #UIE R
end user Lo AP

metrology and measurement systems TH RN R 58

laser tracking WOL IR ER

a wide range of W2 &S
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revenue n WA WER L BE K

outset n. F¥ui , 4R )

illustrative a VLAY R LAY BE Y

drive line SIIME R G AL ol
transmission n A& AL E AR A
emission no B EOH S HEH Y

misuse voon B5HL BRI

power tool B3 T.H

modular a RS LR T, 2 A
track ne BOE WEIE , IR oo R IR RE T3
scan v KA, S, Y

preview no, o TYE, FOCER, TUHE

module ne RSB L R bR R
bespoke a BHATHH s n BT HYER
execute v SEAT SRR, SE B, St
exemplify v BIE 28 BB AR e B 1] 5
7 Notes

1. Where full attention has been given to market trends, the adoption of an
integrated mechanotronics approach to design has led to a revival in areas such as high
speed textile equipment, metrology and measurement systems, and special purpose
equipment such as that required for the automatic testing of integrated circuits.

MNATE T THRRORTE B T 3T  AE et b R AR B AL — (AL 7 i B 2 i 4%
TN YR A TR N R G, AR R B 1 2l e R — S B S A
AR TR,

2. Communication between the individual elements of the system is achieved by
means of local area networks.

XA FR G A LR 3 2 ) 8 15 2 1 B R Jol ) oA S B Y

3. Engine and driveline management systems leading to reduced emissions,
improved fuel economy. protection against driver misuse by, for example, prohibiting
excessive fuel flow at low speeds, and selectable gear characteristics.

K S HLRIS) g e 2l (4 B AR e a4 A 75 1 A AR I 3 A 2o OB AR R % Y
T B R R 9 A HE L, DASR R ARORH A HR PS80 L B 11 FIHL A TR A

4. Video and compact disc systems involve complex laser tracking systems to read
the digitally encoded signal carried by the disc.

MBOEEL VD) RGP & A B 2 BIBOC I ER RS0, AR BOEEL b #0A 9807 4
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5. In engineering design, a mechatronics approach requires the integration of a wide
range of material and information aimed at providing systems which are more flexible
and of higher performance than their predecessors.

TE TR P AL — AL D7 TR 5 BORVF 2 AR RE B R AT SR 00, 2 R 3t L
BT A R GEHA AR AP ERE R R 5L

\ L .
> Exercises

I. Fill in the blanks according to the information of the text.

1. In this highly competitive situation, the old divisions between electronic and
mechanical engineering are increasingly being replaced by the integrated and

interdisciplinary approach to engineering design referred to as

2. In this way the design engineer, and especially the mechanical design engineer,

can avoid going too soon down

3. In most cases the revival or new growth is brought about by the enhancement of

process capability achieved by , often in the form of ,

with the basic mechanical system.
4. Thus, for full benefit and effect, mechatronics must be a feature of both

of the design process.

II. Translate the following expressions into Chinese.

1. metrology and measurement systems
2. local area networks

3. laser tracking
4

. a wide range of

ol

automatically guided vehicle

III. Translate the following sentences into English.

Lo XA ZRGE A A BT 70 2 18] 59 380 5 2 A DO Jsy 3 o S B

2. MO (VCD) RGP RS A E 2 MBOCIRER RE, RO 1 30A 187
Gt 5

3. AERXFRTT A AU A PR R L S AU AR 20 T B 0k IR 2 g T AR B R
R LR 5 27 RS SOk BB 3 B 77 v U AL — 4k

IV. Writing.

According to your reading materials from other channels, please write a passage

about mechatronics (less than 300).
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3 Free Reading

Automation Systems in Manufacturing

Mass production of any product always involved repetitive operations. One of the
primary functions of automation is to standardize repeat production operations so that
they may be accomplished on a continuous unvarying basis. This permits design
tolerances to be met on a large number of production parts as well as there to be higher
production rates. To do this, automation techniques most often replace inconsistent
manual functions with consistent machine functions. This is where automation can and
does eliminate production jobs.

The process of automating a manufacturing process may take many forms ranging
form a rudimentary level, perhaps involving a simple mechanical device that operates
part of a machine, to complex computer driven feedback systems that have considerable
decision-making capacity over the process that they are controlling.

In a true automatic system, the automation device has ability to sense in some way
factors about the process that is being accomplished and then initiate control functions.

Automation requires the following factors (Fig. 1-1).

| Process l——l Sensor I—»I Control |

T Feed back loop

Fig. 1-1  Factors for process

1) A process to automate.

2) A sensing system for making decisions about the process.

3) A control action system that operates on the sensed information and then
provides a process control function.

Almost any manufacturing process can’t be automated. This can be done at any
phase of manufacturing including the manufacturing process themselves or systems that

inspect and/or package a finished product.

Semi Autamatic and Full Autamatic

Consider a simple process such as the carriage feed on a lathe (Fig.1-2). The
process must be initiated manually by the operator and disengaged manually at the end
of the cut. This is not a fully automated process but once engaged, it does serve to feed
the tool automatically, without the requirement for external manual input. Thus, the

process is semi-automatic.
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—LI l‘1 _________________ m
i ]
] Workpiece K
A
J—I :I i Tool feed
h_ J\\(Automatic) -
Manual Tool Infeed and
disengage manual engage

and
withdraw and return
Fig. 1-2  Semi-automatic control involves manual

engage and manual disengage

By setting the feed trip stop, the operator can further automate the process.
Initiation is manual, but feed disengagement is automatically accomplished. Two
automation factors are present here, the process (automatic carriage feed) and the
sensor (trip stop). This simple system does not have any feedback for further action
after feed disengage. The operator must take over manual control at that point to
withdraw and return the tool to the starting point. Therefore, the function is semi-
automatic requiring a manual initiation for each new cycle.

On a numerically controlled ( NC) lathe or turning center, the feed might be
engaged by computer control, disengaged, and the tool automatically withdrawn and
returned to the beginning of the cut, or changed to a new tool. All three factors are
present here for full automation, the process (tool feed), the sensor (computer
control), and the action based on sensed information (tool withdrawal and return or tool
change) .

Although the lathe process is automatic, initial manual inputs had to be made at
some point in the system.In the case of numerical control programming for machining,
the manual data inputs (MDI) are in the form of the numerical control program loaded
into the machine’s control computer. Such is the case with all automatic processes.
They must be programmed manually or otherwise set up before they can operate with

full automatic capability.

@ Words and Expressions

mass production KA A
design tolerance WA 2

inconsistent a ANy AELR
eliminate vt HIECA B

rudimentary a FEARN WM
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sensing system RIRR G
semi-automatic £ A3k
full-automatic 4 H 3k

carriage n JI4

disengage vt JIEES IR T)

lathe n IR

trip stop TTREFF R
numerically control lathe EEUINN

turning center LN AN

numerical control programming iR

Computer Aided Manufacturing(CAM) ML Bl
Computer Integrated Manufacturing(CIM) THEALEE B
undergo vt. B, 407, 18%
electromechanical a HLHY

hydraulic a WY

actuator ﬁlﬁﬁ'%,?ﬂﬁfn#,?ﬂﬁmm
precision n KR

open loop JT 3

close loop ZiEZ8

sophisticated a KEEE RN

servo control fA) B il (R 58
time sharing ading

fabric cutting LY 55
typesetting n HEF L HEM

flame cutting KIGYIE

punch press R

pipe bending HETh

welding n JEE

grinding n. WS B Hl
nontraditional machining process Hefhin T

EDM HLKAE T
industrial robot Talk#LAs A
mainstay ne, oo K, FEAREE
foreseeable a. FTTRHIRY  BETAN Y
acoustic a P AR E
emission n Rt

dull a (JIEOHHEER



Lesson 2

— Dialogue ~

Peter: Hello, Jim. Where are you going after work?

Jim: To the cinema. What about coming with me?

Peter: No, thanks. I'm going home because there are many things waiting for
me to deal with.

Jim; What a pity. I believe it’s a very good film.

Peter: Do you know what’s on tonight, by any chance?

Jim: No, I'm sorry I don’t. I never read the papers till T get home.

Peter. Oh, I see.

N J/
5§/Text

Engineering Graphics

Engineering graphics is a cornerstone of engineering. The essence of engineering—
that is, design—requires graphics as the means of communication within the design
process. Graphics serves as the common tread between design and the manufacturing
and construction processes.

Study of the fundamentals of engineering graphics is one key to your success as an
engineer. Being able to describe an idea with a sketch is a prerequisite of the engineering
profession. The ability to put forth a three-dimensional geometry in a form that can be
communicated to other engineers, scientists, technicians, and non-technical personnel is
a valuable asset. Of equal importance is knowing how to read and understand the
graphics prepared by others.

The ability to communicate is the key to success for a practicing engineer. Graphic
communication, along with written and oral communication, constitutes an important
part of a program of study in engineering. The fundamentals of the graphics language
are universal in the industrialized world, an advantage not afforded by the written and
spoken language. Thus graphics may be said to be “a language for engineers”.

The study of graphics involves three aspects: terminology, skills and theory.

Definitions of general terms encountered in graphic applications are introduced below .



<10 - oWk E

Engineering graphics is the area of engineering which involves the application of
graphic principles in the development and conveyance of design concepts.

Engineering design is the systematic process by which a solution to a problem is
created. Engineering graphics provides visual support, a basis for engineering analysis,
and documentation for the design process.

Descriptive geometry is a set of principles which enable the geometry of an object to
be identified and delineated by graphic means. It is the theory by which spatial (three-
dimensional) problems involving angles, shapes, sizes, clearances, and intersections are
solved with two-dimensional representation.

Computer graphics utilizes the digital computer to define, manipulate, and display
devices, processes, and systems for the purpose of analysis, design, and communication
of engineering solutions.

Geometric modeling is the representation of a concept, process, or system operation
usually in a mathematical form, and more specifically as an electronic database.
Computer-based geometric modeling may conveniently be classified as wireframe,
surface, or solid.

Engineering graphics is in a period of rapidly changing graphics technology. The
traditional tools of graphics, such as the T-square, compass, and drafting machines, are
being displaced by computer hardware and software. We are in an exciting era in which
we will experience the transition from scales, triangles, and dividers to a computer
keyboard and from blueprints to databases.

The engineers of today see the engineering drawing as a by-product of the CAD
process. The control of the design-manufacture cycle is now the electronic database of
the design. Changes are incorporated instantly in all aspects of the design. New product
models can be quickly developed and oftentimes proved with computer simulations, thus
bypassing the prototype. If drawings are desired for manufacture or documentation,
they may be quickly obtained from the database.

The engineering student of today will study graphics from the standpoint of
supporting the design process. Geometric modeling techniques, analysis techniques
which are mathematically based, and practice in visualization of three-dimensional
geometries will be the focus of intensive computer utilization. In order to prepare
concepts for modeling and analysis, freehand techniques will be studied and practiced.
The student will learn to produce and interpret multi-views and pictorials both via
sketches and computer techniques. Many of the graphics standards for appropriate
representation of object features (sections, dimensioning, and multi-views) will be
studied.

Working in three dimensions with the computer, graphics will be produced easily in

two-or three-dimensional modes depending upon the application. Creating two-



