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Lesson 1 Forces Have both Magnitude and Direction

Probably the simplest way to define a force is to say that it is a push or a pull. However,
when we speak of a force being responsible for motion, it is not enough for us to tell only its
magnitude if we want to know what result it will cause. So if there are two pulling forces of equal
magnitude, the result they bring about will have to depend upon the direction in which they are
applied. Pulling directly upwards on an object with a force of 10 kilograms can change the
position of the object in a completely different way than if the same object is pulled from one
side with an equal force. Force is what is known as a vector quantity, that is, it has both
magnitude and direction. In order to explain the effect of any force. Both its magnitude and
direction must be known.

Very often two forces act on an object at the same time. In such cases it is often helpful to
know the resultant of these two forces, that is, the effect the combination of the forces produces.
If two separate forces are applied in the same direction, it is easy to find out the resultant. The
magnitudes of the two forces added determine the magnitude of the resultant force.

There are also cases in which two forces acting on an object are opposite in direction. If two
people want the same object at the same time and are pulling on it in opposite directions, the
motion of the object is always in the direction of the person applying the larger force. A
tug-of-war is an example of two such forces. To determine the magnitude of the resulant force,
the smaller force must be subtracted from the larger in this case.

Sometimes there may be more than two forces acting on a body s1mu1taneously In such
cases the result they bring about will be known only through analyzing concretely the magnitude
of each of them and the angles at which they act. So magnitude and direction are the two
indispensable criterion in determining the effect a force will cause.

1. define [di'fain] vt. R, B TRX

2. responsible [ri'sponsabl] a. BRER, () HRFMEN
3. magnitude [maegnitju:d] n. K, &

4. apply [a'plai] vt MR, HEhn
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U = n "
5. vector ['vekto] n. K&, &
6. resultant [rizAltant] n. &
v, HEH, AN
7. determine [di'ta:min] vt. WE, HE
8. simultaneously [simal'teinjosli]  ad. M RE (BREE)
9. analyze ['eenslaiz] VI, aHr, R
10. angle (‘eengl] n. 1, A
11. Indispensable [indis’pensabi] a. AR, AT
12. criterion [kraitierien] n. WRyE, N
13. concretely ['konkri:tli) ad. Rt
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to speak of &3], %3

(be) responsible for Hf e AR, FHAA
to bring about gk, ™4, B8
(be) known as _ BIRH

to act on fERF

a tug of war i g

(be) subtracted from IR 7 S

M
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. Probably the simplest way to define a force is to say that it is a push or a pull.

R —AN 7 BB B VR KRB 1 e R M B
* FEAAE R to define a force {EEIBBA way, FIEAER to say fEXKIE.

. So if there are two pulling forces of equal magnitude, the result they bring about will have

to depend upon the direction in which they are applied.
Bk, WmREBADRPHEFRRS, HEHMRRTEHRA AT,
* SEi& M H] they bring about 14 8E T X FH A which (B that).

. In such cases it is often helpful to know the resultant of these two forces, that is, the effect

the combination of the forces produces.

EXFER T, EEXWRADNIWNES, XBENHERmERER, £ER_F
A

* 8 it BBARERE, IEAER to know the resultant A E IEEE

. So magnitude and direction are the two indispensable criterion in determining the effect a

force will cause.

Rk, RANFITT [ R 58 0 7 7 A X A P BT AN AT 5 0 AR
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Exercises’ |

1. Why is a force known as a vector quantity?

2. How can we find out the resultant of two separate forces which are applied in the same
direction?

3. How can we find out the resultant of two forces which are acting on an object at the same
time and pulling on it in opposite direction?

4. Are magnitude and direction the two indispensable criterion in determining the effect a
force will cause? Why or why not?

Weight and Mass

Do you remember what weight is? Weight is the gravitational pull on an object. If, somehow,
the pull of gravitation changes, then the weight of the object changes. The mass of the object, the
amount of matter it is made of, does not change.

If a bag of sugar weighs 6 kilograms on earth, what will it weigh on the moon? It will weigh
one kilogram on the moon, 1/6 of its weight on the earth.

Here on the earth we usually talk as if weight and mass were the same thing. We use weight
as a way of measuring mass. On the earth this is very convenient. A mass of sugar that weighs 6
kilograms in California will weigh about 6 kilograms in Hawaii or Canada or Germany because
the force of gravitation in each place is practically the same.

As long as we stay on earth, using weight to measure mass works pretty well. Now, however,
men have left the earth. Suddenly we realize that weight and mass are not the same thing! Away
from the earth, the force of gravitation changes. As the pull of gravitation changes, weight
changes, but the mass of an object ways the same anywhere in the universe whether it is on earth,
on the moon, in a spaceship, or on Mars.

Have you wondered why the pull of gravitation on the moon is only 1/6 of the pull on the
earth? Here is a reason. When the mass of an object is greater, its gravitational pull is greater,
when the mass is less, gravitation is less. The moon has less mass than the earth. Since the moon
has much less mass than the earth, it has much less gravitational force than the earth.

It is important to remember the difference between mass and weight. Mass is a basic
physical concept having to do with the amount of matter involved, while weight is a more
complicated concept than mass in that it involves not only the amount of matter, but also the
gravitational attraction of the earth.

ETH
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Lesson 2 Robots

Not long ago, the only time you’d see a robot is when you were reading a comic book or
watching a science fiction movie such as Star Wars. Today, however, science fiction is fast
becoming science fact. Robots are starting to make their presence felt in our everyday lives.
These robots come in all sizes, shapes and colors. They all have the same type of “brain”-tiny
silicon chips imbedded with thousands of electronic pathways. These kinds of chips also serve as
brains for microcomputers.

Factory robots: But robots do more than microcomputers. They not only “think”, but they
also sense, respond to, and, alter their surroundings.

Industrial robots perform a variety of jobs that are often boring and sometimes dangerous.
These jobs include loading and unloading machinery, spray-painting, and arc welding.

Robots are so good at these jobs that there may be between 100,000 and 200,000 of them
hard at work by 1990 in the us alone. By that time, the United Auto Workers (the auto workers
union) predicts that assembly line work performed by human beings will be cut in half.

Home robots: Robots are also coming to American homes, though not as quickly as they are
invading factories. These robots aren’t as friendly and bright as those of Star Wars. But, their
makers claim that today’s home robots can walk (actually roll), sense objects in their way (and
sometimes crash into them), and even carry objects (which they sometimes drop). Well,
Nobody’s perfect. '

We may joke about home robots today, but someday they may see and hear better than
humans do. We humans can only see certain wave lengths of light, and hear certain frequencies
of sound. That’s because our eyes and ears have limitations. Robots, however, need not have the
same limitations we have. Robots may also be equipped with sensors that pick up information
human can’t-such as radio waves, or ultraviolet light.

New
1. robot [reubot] n. HLES A
2. comic ['komik] n. EXBE: FEIK
3. fiction [fikfan] n. HEA, A%
4. science fiction g
5. silicon ['siliken] n. [fh] &£
6. chip [t[ip] n. R, W YR
7. imbed [im'bed] v, BB, fEe A
8. perform [pa'form] vt. FERL AT
9. alter ['atlts] e R, 3
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10. microcomputer [maikreukem'pjuita]  n. WA
11. load [laud] V. #E: . AR
12. unload [An'laud] v R
13. predict [pridikt] V. wmE
14. spray-painting 873
15. welding ['weldin] a. B, B
16. arc [a:'k] n mIk, Ik
17. invade [in'veid] vt A, W
18. frequence ['frirzkens] n. IES
19. sensor ['sensa] n. {E GRS
20. ultraviolet [Altra'vaislet] a AN (D) W

T

ases

Sty

. crash into B, gA
. be equipped with oY ST

- pick up BRI

. arc welding A IR

. electronic pathway i

1. Not long ago, the only time you’d see a robot is when you were reading a comic book or
watching a science fiction movie such as Star Wars.
AART, BAITRREE —AERER R “ERANE” X, F6eEE
- HlEEA.
* (1) you’d see a robot & E BN, B time.
(2> M when you were 2|55 2 FKiEMNA].
(3) Star Wars /ZHH 2, FH “BERAME”.
2. By that time, the United Auto Workers (the auto workers union)predicts that assembly
line work performed by human being will be cut in half.
RERETLABRESRBE, FMEERE EHNTABH2EBLS—F.
* (1) that assembly line...in half 3 E#HMAJ. H T performed by human beings it
EHREEEE R EVE, B work.
(2) the United Auto Worker: EERETABRSE.
3. These robots aren’t as friendly and bright as those of Star Wars.
XLEEHLBEARNT “BIRAMR” RIS AT AEAFRCHEET .
* XAJF Y friendly B ¥R “ERH 7, bright BN “BHAM . BHIE7, BiFH WK
LaFlfie+7,

<
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1. What jobs can factory robots perform?

2 Are home robots as friendly and bright as those of Star Wars?
3. Can today’s home robots walk the same way as a man?

4. Can home robots see and hear better than humans do? Why?
5. Have you seen a robot? When and where?

Applications of Industrial Robots

Industrial Tobots are general-purpose, programmable machines possessing certain anthr-
opomorphic characteristics. They are most likely to be economical and practical in applications
with the following characteristics.

1. Hazardous working conditions. In job situations where there are potential dangers to a
human operator or where the workplace is hot and uncomfortable, industrial robots are likely
candidates for the job.

2. The job is repetitive. Even if the cycle is long and involves a sequence of many separate
moves, an industrial robot may be feasible. One requirement is that the sequence of actions must
not change from one cycle to the next.

3. The workpiece to be moved is heavy. Some industrial robots are capable of lifting items
as heavy as several hundred kilograms.

The tasks performed by industrial robots would include the following more typical
applications:

Part handling: A large variety of pick-and-placer jobs , moving workpieces from one
location and repositioning them at another location.

Machine loading and unloading: The types of production equipment involved include
stamping presses, forge presses, die-casting machines, and most types of metal-cutting machine

tools. ,
Spray painting: The spray paint nozzle is attached to the robot’s arm. The arm is

programmed to move through a sequence of continuous-path motions to complete the painting

operation.
Welding: Both spot welding and continuous welding.
Assembly: In simple mechanical assembly, robots perform operations which are basically an

extension of their pick-and-place motions.

e
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Lesson 3 CAD’s Benefits

The benefits of computer use in drafting and design tasks are impressive: increased speed,
greater ‘accuracy, reduction of hardcopy storage space as well as better recall, enhanced
communication capabilities, improved quality and easier modification.

Speed

A personal computer used in industry can perform a task at an average rate of 33 million
operations per second; newer computers are even faster. This is an important feat when using it to
calculate the amount of deflection of a component, when theoretical physical forces are applied
to it, through finite element analysis (FEA) or when displaying an entire city plan on a monitor,
both of which are time-consuming and calculation-intensive tasks. AutoCAD software can
duplicate any geometry as many times as required and can also perform crosshatching and
dimensioning automatically and equally as fast.

Accuracy

The AutoCAD program has an accuracy of 14 significant digits of precision for each point,
depending on the operating system and computer platform. This extremely important when the
program must round off numbers during mathematical calculations such as segmenting a circle.

Storage

The computer can store thousands of drawings in the physical space that it would take to
store hundreds of manual drawings. Also, the computer can search and find a drawing with ease,
as long as the operator possesses the correct file name.

Communication

Because the computer’s data is stored in an electronic form, it can be sent to a variety of
locations. The first obvious location is the monitor. The computer can display the data on the
screen in different forms such as graphics, easily converting the data into readable drawings. The
data can also be sent to a plotter to produce the familiar paper drawing, via a direct link to a
computer-aided manufacturing (CAM) machine or via telephone to anywhere around the globe.
You no longer have to mail drawings, risking damage and loss; they can now be at their
destination instantly via the telecommunications network.

Quality

The computer always retains the data in the form in which it was first created. It can repeat
the same output of data continuously without regard to fatigue. Lines will always be crisp and
clear, with uniform line weight, and text will always be legible. The computer doesn’t alter its
output quality because of a wild weekend or a late night watching the game.

Modification

The computer data is stored in a format that allows easy modification to any facet of a
drawing and gives instant feedback to the user. When something is drawn once, it never has to be
drawn again because the object in question can be duplicated, stretched, sized, and changed in

10
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many ways without having to be redrawn.

Except for the initial cost to purchase a CAD workstation, CAD’s only disadvantage is a
small one because it can be so easily overcome. Because the drawing is stored in an electronic
format and not a paper format, it is possible to erase a drawing file easily. That’s why it is
essential to train yourself in good CAD practices to avoid an accidental erasure.

. draft
2. hardcopy
3. feat

deflection

5. calculate

9.

10.

11.

12.

13.
14.

facet

monitor

duplicate

crosshatching

segment

plotter

retain

fatigue

crisp

uniform

legible

[dra:ft]
[ha:dkoapi]
[fi:t]
[diflek[an]
[keelkjuleit]
[feesit]
[monits]
['dju:plikst]
[krashast[in)
['segment]
[plote)
[ri'tein]

[fa'ti:g]
[krisp]

[Cju:nifo:m]

['led3abl]

1. finite element analysis(FEA)

2,

e

except for

vi.

88 3 o 8

R, BER, HR; =

ez

o8t ik HE

ERI: BN 5ER, S50 CRRD
CRIEETHEWE) R mw, R WS
W, i T8, 8%
(EAIEMND AFE, @\
T, J7TH: By

WA, WAUras; Homist
Wy, WML Mau,
SEE—PERART, HH5
SEE—FEN, Bl

il

oy, FBG M (WURRAR; [FR3ERT S,
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1. The benefit of computer use in drafting & design tasks are impressive increased speed.
Greater accuracy, reduction of hardcopy storage space as well as beaer recall, enhanced
communication capabilities, improved quality and easier modification.

* A4 K fai 4], impressive increased speed A Ja 84 3551 Bidr o

2. This is an important feat when using it to calculate the amount of defection of a
component, when theoretical physical faces are applied to it, through finite element
analysis(FEA)or when displaying an entire city plan on a monitor, both of which are
time-and-calculation-intensive tasks.

* when using--# when displaying--- 95 4R M AJ. both F§ calculate the
amount of defection of a component A plan an entire city.

1. Describe the CAD’s benefits.

2. Is it possible that the CAD data can be transmitted by network?

3. List the main fields of CAD application in recent years.

4. When something is drawn once, it never has to be drawn again, why?
5. Why is it possible to erase a drawing file easily.

Computer Aided Design

Computer aided design gives the designer the ability to experiment with several possible
solutions. Usually some forms of design, analysis calculations need to be done and many
programs have been written for this task. The computer provides the designer with a powerful
tool for analyzing proposed designs and for preparing formal drawings of the final design.

Two-dimensional drawing is one area in which computer methods can offer significant,
quantifiable cost advantages over traditional paper and pen methods, but a CAD system is not
just an electronic drawing board. Computer drawing systems enable designers to produce fast
accurate drawings and easily modify them. Draught productivity rises dramatically when
repetitive work is involved, since standard shapes are constructed only once and can be retrieved
from a library. Cut and paste techniques are used as labor-saving aids. When several detail
designers are working on the same project a central database is established so that details drawn
by one person can be easily incorporated into different assembly drawings. The central database

=
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also serves as a library of standard preferred components.

Finite element is a sophisticated stress analysis technique much used by civil and
mechanical engineers. It consists of dividing a structure into small, but finite, components and
calculating the force between each element. If the elements are small enough, a good estimate of
the internal stresses in a structure or solid body can be obtained. These computer techniques are
routinely used in the design of large structures such as ship hulls, bridges, aircraft fuselages and

offshore oil rig. The motor car industry also uses similar methods for design and manufacture of
car bodies.

_jo,
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Lesson 4 Water as a Cutting Tool

Ever thought of water, whose versatility has never been in question, being used as a liquid
knife?

A recent experiment has proved that indeed water jets can cut metals - aluminum, granite
and just about any other material-the same way as an electrically-operated sawing machine .

The discovery of this technique goes to an Indian scientist, Dr. Mohan Vijay of National
Research Council of Canada, who works with water jet cutting, tools whose blade is a high pressure
stream of water. It generates as powerfull as 150kw of power. The water jet is capable of quickly
slicing through most materials without much mess, waste, or disturbance to surrounding material.

“The industrial applications for water jet cutters are enormous,” says Vijay, “And though
they have been around for more than a decade, recent developments in high pressure pumps have
made these cutters more reliable, and thus more economically feasible, than ever”, he said.

They are already widely used for tough cleaning jobs (like knocking marine growth from
offshore oilrigs) and are starting to be used in the mining industry. Jet cutters, which are working
in several countries, can slice through concrete and could be of use in the construction industry,
especially for disposing of the debris left when a building is torn down.

But jet cutters can also handle jobs requiring more finesse. A precision instrument capable of
accurately cutting fur, aluminum, siding, rubber, and other materials has been developed, he says.
The nozzle of the instrument is made of artificial sapphire, looks like a tiny glass bead, and
measures less than 0.076 mm in diameter.

Dr. Vijay says the stream of water shooting out of this nozzle can cut most material as well
as a knife can, but without many of the problems encountered in mechanical cutting. There are no
blades to dull in waterjets, he says.

There is a growing demand for this type of precision instrument in the manufacturing sector,
Vijay says. “The prospects are good, and already they have quite a few customers, specially from
the cleaning industry,” he adds.

versatility ['va:sa'tilati] n. BINEEN, BAEE

1.

2. technique [tek'nizk] n. 815, Fik

3. granite ['greenit] n. s, HRA
4. sapphire ['seefais) n. BxA, HEE
5. disturbance [dis'ta:bens] n. ghEl: TH: BRE
6. debris ['deibri:] n. E3R, TR

7. nozzle ['nozl] n. B, Y
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