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Lesson 1 Basic Concept In
M echanics

Terminology Ri&,%H 44 1A
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Terminology
Gear wife, Lok E
1.A toothed machine part, that meshes
with another toothed part to transmit
motion or to change speed or direction.
e NP EIE, 55T %
PR £, AT {33538 B sk 2 A3z Bh
J7 1) BRI

2. A complete assembly that performs
a specific function in a larger machine
R E: —E, AN AN
RAFEHARD e

2012-11-16 CHIBR T RE T D o TE 2R ) 13



V belt and pulley['puli]  ViFFITH

Bearing
A devicethat supports, guides, and
reducesthefriction of motion between
fixed and moving machine parts.

BiIAK: FERLAS A e FIE s a2 RS S
#H. 5[SNED B ERENIRE
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Couple

A pair of forces of equal
magnitude acting in parallel but
opposite directions, capable of
causing rotation but not translation

JiAE: BUEAHSEE T W AH S PN
AT I, BRI S H AR
SR
Scalar

A guantity, such as mass, length,
or speed, that is completely
specified by its magnitude and has
no direction.

ﬁ% — M HARKPDEATT R
e, Wie ., Kl R e
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Momentum [mau'mentom]

A measure of the motion of a
body equal to the product of
its mass and velocity

Byt RIS
AL, T IE I
L T
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Text tour

The branch of scientific analysis
which deals with motions, time,
and forces Is called mechanics
and i1s made up of two parts,
statics and dynamics. Statics
deals with the analysis of

stationary systems, I.e.,

those In

which time Is not a factor, and
dynamics deals with systems

which change with time.
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Forces are transmitted into machine
members through mating surfaces, e.
g., from a gear to a shaft or from one
gear through meshing teeth to
another gear, from a V beltto a
pulley, or from a cam to a follower.
D78 B 53R AR 2N LA jlﬁﬁ%ff’]ﬁﬁi

I, - AT RS A% 1) Sl A Fe
% AR 21 55— A fe, MVW%@JTH?‘,

alE Mt Fe st 2 a1

If the forces between gear teeth are
too large, the oil film may be
squeezed out from between them.
This could result in flaking and
spalling of the metal, noise, rough
motion, and eventual failure.

U0 SR B TR AH Mg A 1) A EIZIEﬂEI’JjJ
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Two equal and opposite forces
acting along two non-coincident
parallel straight lines in a body
cannot be combined to obtain a
single resultant force. Any two such
forces acting on a body constitute a
couple. The arm of the couple Is the
perpendicular [,pa:pan'dikjuls]
distance between their lines of action,
and the plane of the couple Is the
plane containing the two lines of
action.
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Mechanics deals with two kinds of
guantities: scalars and vectors.
Scalar quantities are those with
which a magnitude alone Is
associated. Examples of scalar
guantities in mechanics are time,
volume, density, speed, energy,
and mass. Vector guantities, on
the other hand, possess direction
as well as magnitude. Examples of
vectors are displacement, velocity,
acceleration, force, moment, and
momentum.
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Lesson 2 Forces and Thar
Effects

Terminology

T ext tour
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Terminology

Compressive

Serving to or able to compress
FEAiit) s e s 4 E ] sl BEw I 4
Turning

The shaping of metal or wood on a
lathe

il PR <8 BOAS A 0 T B
UEYINpUN

2012-11-16 CHIBR T RE T D o TE 2R ) 22



Rectilinear|,rekti'linis]

Moving in, consisting of, bounded by, or
characterized by a straight line or lines:

2N UUHZZEIIN, [ HZAH R
1), LIHZNIAR), HAHEZZ5 N

micrometer T43)
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Thread

A helical or spiral ridge on a screw, nut, or
bolt

L WRAT . MEARERIS AR ARG

Shaper Sk fll R
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Text tour

A study of any machine or mechanism
shows that each is made up of movable
parts. These parts transform a given
motion to a desired motion. In other
words, these machines perform work.
Work is done when motion results from
the application of force. Thus, a study of
mechanics and machines deals with
forces and the effects of forces on
bodies.

S 2 ﬁﬁ%%%mmjﬁ%&mﬁ%‘ﬁm
BB FE AR . IR 2
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A force is a push or pull. The
effect of a force either changes
the shape or motion of a body or
prevents other forces from
making such changes. Every force
produces a stress in the part on
which it is applied. Forces may be
produced by an individual using
muscular action or by machines
with mechanical motion.

SV T N IR T), )
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Forces are produced by physical
or chemical change, gravity, or
changes in motion. When a force
IS applied which tends to stretch
an object, it Is called a tensile
force. A part experiencing a
tensile force is said to be In
tension. A force can also be
applied which tends to shorten or
sgueeze the object. Such a force
IS a compressive force.

ZA L ) %@&%%}UJ@
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A third force Is known as a
torsional force, or a torque since
It tends to twist an object. Still
another kind of force, which
seems to make the layers or
molecules ['molikjuls] of a
material slide or slip on one
another, Is a shearing force.

22N (FRATAIER) 3=
?Ftlﬂjjm ﬂff%jj iz%ﬂwﬂ%ﬁ A
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Each of these forces may act
iIndependently or in combination. For
example, a downward force applied on a
vertical steel beam tends to compress the
beam. If this beam Is placed in a
horizontal position and a load is applied In
the middle, the bottom of the beam tends
to stretch and is in tension. At the same
time, the top area is being pushed
together in compression. If the
compressive and tensile forces are
greater enough to make the layers of the
material slide upon each other, a shearing
force results.

VRN XL AR AT DLE ko 2 5l
KAEAER . Blan, —A>m) i 7 it N e
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The turning of a part in a lathe is
another example of several forces In
action (as shown in Figure 1).!!

N

Compression

Fig. 1 Theturning of apart in alathe

1. turning of a part iX HAFX—AFAF
ST AN T RN
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IR X AFHEAT AN T ClnfE 1

) o
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As the work revolves and the cutting
tool moves into the work, the wedging
action of the cutting edge produces a
shear force. This force causes the
metal to seem to flow off the work in
the form of chips.!?!

2. chip XHF5VIE". work iXH 5" T
1, Bl workpiece ", 4RI E N
TAf e st JJHEINTAY, DI I L
NSHErF- A BIY) J1. XA s e
;g%%uwé%%ﬁMf#hﬁa%~
If this workpiece is held between the

centers of the lathe, the centers exert a
compressive force against the work.!

3. centers of the lathe & R“ZE K A
iR, Anja] PR

R — A TP ERAE IR P AN TR
Z 18], TSN TAF I —AN ) .
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The lathe dog which drives the
work tends to produce a
shearing force. The pressure
of the cutting tool against the
work produces tension and
compression, as well as a
shearing action.

SR W T A I ZE R JE 3k
St — Ty, JJREIET
s 2 R = Ay R s
71, L EIUIEA
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Considerable attention Is given to the
action of centrifugal force in grinding
wheels. That is, the bonding agent that
holds the abrasive particles on the
wheel must be stronger than the forces
which tend to make the revolving wheel
fly apart at high speeds. For this
reason, the speed of a grinding wheel
should not exceed the safe surface
speed limit specified by the
manufacturer. Centrifugal force
Increases with speed.

ZE . NEEHIH IR R I E L )
R B B DA S . [ B R
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The principles of centrifugal force
are used in the design of
centrifuge-type machines. Some
centrifuges are used to separate
chemicals; others are used to
remove impurities in metals by
centrifugal casting processes.
Centrifugal force principles are
also used in common appliances
such as clothes dryers and In
devices to control motor speeds
and accelerate moving machines.

SEFEL: BL XA RE R
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Centripetal force causes an object to
travel in circular path. This action is
caused by the continuous application of
forces which tend to pull the object to
the center. In other words, the inward
force which resists the centrifugal force
IS called the centripetal force. The
centripetal force of objects spinning at
a constant rate produces an
acceleration toward the center which Is
equal and opposite to the centrifugal
force.

Z N m/uﬁ@%ﬁwﬂ% R JEHE
&5l RXPELZ I A A TR A b
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The materials used in the
construction of rapidly moving
machine parts and mechanisms
must be structurally strong enough to
provide the centripetal force required
to hold the parts to a circular path. At
the same time, the materials must be
able to withstand the centrifugal
force which tends to pull the parts
apart.

Z2E PR TG s sl ) ALK
TAFFIHU AR 20 A2 2 45
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Motion and the basic laws which
affect motion are important
considerations because of the
numerous applications of these
principles to produce work
through mechanical devices.

2 B M52 s B 1)
H@_LIA’ kjjﬁitliﬁ
AL A )

VRN
FEARER
AR X L
E/\j}& 4 O

|Im|\ m

j‘
i
J5

(%4

2012-11-16 CHLBRE TR D o 1E R ) 37



There are two primary
mechanical motions: rotary
and rectilinear. These terms
suggest that rotary motion is a
circular movement around a
center line and rectilinear
motion is a straight line motion.

ZEE N AW E BTN
&) [Pliash M HZ 1258, X
PERTEZRB () , |B
I E e — M EiE — R 2
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For either rotary or rectilinear
motion, it Is possible, with
added mechanical devices, to
produce other forms of motion
such as intermittent motion
and reciprocating motion.

ZEFEN . KA f%‘iiz‘:ﬂii*%%i
ki, WA, L
mmaﬁmﬂTﬁf = HoAh I 2T
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Rotary Motion. The motion that is
commonly transmitted Is rotary
motion. This type of motion may
be produced with hand tools or
power tools. Rotary motion is
required to drill holes, turn parts
in a lathe, mill surfaces, or drive
a generator or fan belt.!4

4. rotary motion BN “BlHEiEE".,
é’_‘l—f%ﬁ

ft Zib—fu ?ZﬂJIﬂjﬁJﬁIﬂ
A Bl EEKR _ EERIFH,
B . XBh & AL XU B S
#R T gj%wfib o
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Rectilinear

[,rekti'linia] Motion.

The feed of a tool on a lathe, the
cutting of steel on a power saw, or
the shaping of materials are all
situations in which rectilinear or
straight line motion produces work.
In each of these situations a part
or mechanism Is used to change
rotary motion to straight line
motion. The screw of a micrometer
and the threads In a nut are still
other applications where the
direction of motion Is changed
from rotary to rectilinear.l®]

5. the screw of a micrometer = A
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Harmonic and Intermittent
Motion.!®! Any simple vibration,
such as the regular back-and-
forth movement of the end of
a pendulum, is simple
harmonic motion.l’!

6. harmonic and in_termittent_
;nbotlon BN VB 3 8] s

/. simple harmonic motion =

7@““551% 257, ERJaEN: 1
T fa] BRI 9RB), BIANIEET R o
MR ERZE R EZE),
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However, many manufacturing
processes require intermittent or
iIrregular motion. For example, the
fast return stroke of a power
hacksaw or shaper ram is
desirable because no cutting Is
done on the return stroke.
Therefore, as more time Is saved
In returning the cutting tool to the
working position, the less
expensive is the operation.

25 AN, B2 HE LT Z2EXK
[ &#EsEARNIZES) . B, #E3)
SR ERAI PRI TR PRE R FE (FR[E]D
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The combinations of rotary
and rectilinear motion
obtainable are unlimited
because of the large variety of
parts such as gears, cams,
pulleys, screws, links, and
belts which can be combined
In many arrangements.

ZHE: AR 2Rz F) A
HzsI A a2 LR, BA
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Lesson 3 Overview of
Engineering Mechanics

Terminology

T ext tour

2012-11-16 SO U RE T MV s B )




Terminology

Interactive

Acting or capable of acting on each
other

B AHAE F B EcRe AR Y

Iterative ['Itorativ]

Characterized by or involving
repetition, recurrence, reiteration, or
repetitiousness [,repi'tifasnis]

HE M, &EE’J J%ﬁm DI 18
i E/jEL_ (R ONRRIER), Bl 2 A

Pinpoint & fiff 1 xe 47 5l Aff A
To locate or identify with precision
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Equilibrium [,i:kwi'libriam]

A condition in which all acting
Influences ar e canceled by others,
resulting in a stable, balanced, or
unchanging system

-1 iﬁ@] — M BT VER) 52 AR L
FHHGH, DRSO TFEH) . BIFH].
ANAEHPIRA

Tractable Easily handled or worked

oy T A PR a4

Order of magnitude : A range of values
between a designated lower value and an
upper valueten timesaslarge, such as
the masses of Earth and the sun

differ byfive orders of magnitude
GRS 4*&951014 PR A B ]
TR — Ex%z BRIV Fian, HiBRE K
H Bﬁ)ﬁ%*ﬁﬁéﬂ/\ﬁfiiéﬁ
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Text tour

As we look around us we see a
world full of “things”. Machines,
devices, tools; things that we have
designed, built, and used; things
made of wood, metals, ceramics,
and plastics. We know from
experience that some things are
better than others; they last longer,
cost less, are quieter, look better, or
are easier to use.
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ldeally, however, every such item
has been designhed according to
some set of “functional
requirements” as perceived by the
designers—that is, it has been
designed so as to answer the
guestion, “Exactly what function
should it perform?”1]

1. so as to &= N“fifsE, ik, Ll
2T, enjniER -
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In the world of engineering, the
major function frequently is to
support some type of loading due to
weight, inertia, pressure, etc. From
the beams in our homes to the wings
of an airplane, there must be an
appropriate melding of materials,
dimensions, and fastenings to
produce structures that will perform
their functions reliably for a
reasonable cost over a reasonable
lifetime.
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In practice, the engineering
mechanics methods are
used in two quite different
ways:

The development of any new
device requires an
Interactive, iterative
consideration of form, size,

materials, loads, durability,
safety, and cost.

N (ESEERH, jzlzjil
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2 When a device falls
(unexpectedly) it Is often
necessary to carry out a
study to pinpoint the cause
of failure and to identify
potential corrective
measures.!? Our best
designs often evolve
through a successive
elimination of weak points.

2. carry out 4 34T, SERL,
correct measure &= 4 “MF R
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To many engineers, both of
the above processes can
prove to be absolutely
fascinating and enjoyable,
not to mention (at times)
lucrative.

BHRL RVFL TR
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In any “real” problem there is
never sufficient good, useful
Information; we seldom know
the actual loads and operating
conditions with any precision,
and the analyses are seldom
exact.l3! While our mathematics
may be precise, the overall
analysis Is generally only
approximate, and different
skilled people can obtain
different solutions.

3. operating condition B “L/FR
&, LTAEFH. é%kﬂi%?ﬂ: X AE
f] S B i) L x%ﬁﬁ%z&ﬁ%%%ﬁﬂﬁ

THI1E S ﬁaﬂ]ﬁ&/ﬁﬁﬁamimﬂ

BRI TARRA, BRI, Wﬁiﬁzﬁﬁ/%ﬁ_wﬁ

WIR D ERGIAN . BN 0] | E?l‘ﬁﬁﬁ

Eg’ 157\%45 /\*ﬁl_ /\ZEIE/TJ\E/J

EKI@E‘J%\U\J\TH@JTVJE’J U‘ﬂ‘ﬁi

cn o




In the study of engineering
mechanics, most of the
problems will be sufficiently
"Idealized® to permit unique
solutions, but it should be
clear that the "real world" Is
far less idealized, and that you
usually will have to perform
some Idealization In order to
obtain a solution.
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The technical areas we will
consider are frequently called
"statics” and "strength of
materials”, "statics" referring
to the study of forces acting on
stationary devices, and
"strength of materials" referring
to the effects of those forces
on the structure (deformations,
load limits, etc.).
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While a great many devices are
not, in fact, static, the methods
developed here are perfectly
applicable to dynamic situations if
the extra loadings associated with
the dynamics are taken into
account. Whenever the dynamic
forces are small relative to the
static loadings, the system Is
usually considered to be static.
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In engineering mechanics, we
appreciate the various types of
approximations that are
iInherent in any real problem:/!

4 . beinherentin = 4“N... T
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Primarily, we will be discussing things
which are in “equilibrium”, 1.e., not
accelerating. However, If we look
closely enough, everything is
accelerating. We will consider many
structural members to be
“weightless™ —Dbut they never are.
We will deal with forces that act at a
“point”, but all forces act over an
area. We will consider some parts to
be “rigid"™—Dbut all bodies will deform
under load.
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We will make many assumptions
that clearly are false. But these
assumptions should always
render the problem easier, more
tractable. You will discover that
the goal Is to make as many
simplifying assumptions as
possible without seriously
degrading the result.
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Generally there Is no clear method
to determine how completely, or
how precisely, to treat a problem:
If our analysis Is too simple, we
may not get a pertinent answer; |If
our analysis Is too detailed, we
may not be able to obtain any
answer. It Is usually preferable to
start with a relatively simple
analysis and then add more detall
as required to obtain a practical
solution.
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During the past two decades, there has
been a tremendous growth In the
availability of computerized methods for
solving problems that previously were
beyond solution because the time
required to solve them would have
been prohibitive. At the same time the
cost of computer capability and use has
decreased by orders of magnitude. !
We are experiencing an Iinflux of
"personal computers” on campus, In
the home, and in business.
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L esson 4 Shafts and Couplings

Terminology
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Terminology

Coupling
A coupling Is a device for connecting
the ends of adjacent shafts.
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Socket wrench
A wrench with a usually

Inter changeable socket to fit over a
nut or bolt

E JT e A R
T IR S B B AR T

Keyway
A slot for akey in the hub or shaft of a
wheel

HE R %?ﬁﬁi@i?&i%%ﬁﬁ’ﬂ?@%
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Text tour

Virtually all machines contain shafts.
The most common shape for shafts
IS circular and the cross section can
be either solid or hollow (hollow
shafts can result in weight savings).
Rectangular shafts are sometimes
used, as In screw driver blades,
socket wrenches and control knob
stems.
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A shaft must have adequate torsional
strength to transmit torgue and not be
over stressed. It must also be
torsionally stiff enough so that one
mounted component does not deviate
excessively from its original angular
position relative to a second
component mounted on the same shatt.
Generally speaking, the angle of twist
should not exceed one degree in a
shaft length equal to 20 diameters.
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Shafts are mounted in bearings and
transmit power through such devices
as gears, pulleys, cams and clutches.
These devices introduce forces
which attempt to bend the shaft;
hence, the shaft must be rigid
enough to prevent overloading of the
supporting bearings. In general, the
bending deflection of a shaft should
not exceed 0.01 in. per ft of length
between bearing supports.
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In addition, the shaft must be able
to sustain a combination of
bending and torsional loads. Thus
an equivalent load must be
considered which takes into
account both torsion and bending.
Also, the allowable stress must
contain a factor of safety which
Includes fatigue, since torsional
and bending stress reversals
OCcCur.
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For diameters less than 3 in. , the
usual shaft material is cold-rolled
steel containing about 0.4 percent
carbon. Shafts are either cold-rolled
or forged In sizes from 3 In. to 5 in..
For sizes above 5 In. , shafts are
forged and machined to size.!!!
Plastic shafts are widely used for
light load applications. One
advantage of using plastic is safety
In electrical applications, since
plastic Is a poor conductor of
electricity.

BAT/N T35 B4 AT LK H &k KA N
0. 4% FLAN,  EiARAE3~5 8~ ) [l
Al LUK H A SLAN sl iOE B . A E AT
RFBHTI, WIER BB, R4
AP T8 2 PrZR B R Fe 3T,

J K Jjﬁﬂﬂh THRLE A RS
7, FEHVP R 22 4




Components such as gears and
pulleys are mounted on shafts by
means of key. The design of the
key and the corresponding keyway
In the shaft must be properly
evaluated. For example, stress
concentrations occur in shafts due
to keyways, and the material
removed to form the keyway
further weakens the shatft.
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If shafts are run at critical
speeds, severe vibrations can
occur which can seriously
damage a machine. It is
Important to know the magnitude
of these critical speeds so that
they can be avoided. As a
general rule of thumbl?, the
difference between the operating
speed and the critical speed
should be at least 20 percent.
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Many shafts are supported by
three or more bearings, which
means that the problem is
statically indeterminate. Texts on
strength of materials give
methods of solving such
problems. The design effort
should be in keeping with the
economics of a given situation.
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For example, If one line shatft
supported by three or more
bearings Is needed, it probably
would be cheaper to make
conservative assumptions as
to moments and design It as
though it were determinate.
The extra cost of an oversize
shaft may be less than the
extra cost of an elaborate
design analysis.
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Another important aspect
of shaft design Is the
method of directly
connecting one shaft to
another. This Is
accomplished by devices
such as rigid and flexible
couplings.
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1.A coupling Is a device for
connecting the ends of adjacent
shafts. In machine construction,
couplings are used to effect a
semipermanent connection
between adjacent rotating
shafts. The connection Is
permanent in the sense that it
IS not meant to be broken
during the useful life of the
machine, but it can be broken
and restored In an emergency
or when worn parts are
replaced.
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There are several types of shaft
couplings, their characteristics
depend on the purpose for which
they are used. If an exceptionally
long shaft is required in a
manufacturing plant or a propeller
shaft on a ship, it is made In
sections that are coupled
together with rigid couplings.
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A common type of rigid
coupling consists of two
mating radial flanges (disks)
that are attached by key
driven hubs to the ends of
adjacent shaft sections and
bolted together through the
flanges to form a rigid
connection. Alignment of the
connected shafts is usually
effected by means of a rabbet
joint on the face of the
flanges.3l
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In connecting shafts belonging to
separate devices (such as an
electric motor and a gearbox),
precise aligning of the shafts Is
difficult and a flexible coupling Is
used. This coupling connects the
shafts in such a way as to
minimize the harmful effects of
shaft misalignment.
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Flexible couplings also permit the
shafts to deflect under their
separate systems of loads and to
move freely (float) in the axial
direction without interfering with
one another. Flexible couplings
can also serve to reduce the
Intensity of shock loads and
vibrations transmitted from one
shaft to another.
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Lesson 5 Shafts and Associated Parts

Terminology
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Terminology

Sprocket

Any of various toothlike projections
arranged on a wheel rim to engage the
links of a chain.
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Universal joint

A joint or coupling that allows parts
of amachine not in line with each
other limited freedom of movement
In any direction while transmitting
rotary motion. Also called universal
coupling .
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Self-aligning bearing ROl A, BK
A A, B ALK

Dry ice
Solid carbon dioxide that sublimates
at -78.5°C and is used primarily as a

coolant.
UK. Mok, fE-78.50CT
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Text tour

The term shaft usually refers to a
relatively long member of round
Cross section that rotates and
transmits power. One or more
members such as gears,
sprockets, pulleys, and cams are
usually attached to the shaft by
means of pins, keys, splines,
snap rings, and other devices.!!
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These latter members are
among the “associated parts”
considered In this text, as re
couplings and universal joints,
which serve to connect the shaft
to the source of power or load.!?!

2. associated parts B A “tHx3S
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A shaft can have a nonround cross
section, and it need not necessarily
rotate. It can be stationary and serve
to support a rotating member, such
as the short shafts that support the
nondriving wheels of an automobille.
The shafts supporting idler gears can
be either rotating or stationary
depending on whether the gear Is
attached to the shaft or supported by
It through bearings.
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It Is apparent that shafts can be
subjected to various combinations of
axial, bending, and torsional loads, and
that these loads may be static or
fluctuating.!®!

3. it is apparent that = h“/E B4R, 1REHE".
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Typically, a rotating shaft transmitting
power IS subjected to a constant torque
(producing a mean torsional stress)
together with a completely reversed
bending load (producing an alternating
bending stress).
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In addition to satisfying strength
requirements, shafts must be
designed so that deflections are
within acceptable limits. Excessive
lateral shaft deflection can hamper
gear performance and cause
objectionable noise. The
assoclated angular deflection can
be very destructive to non-self-
aligning bearings (either plain or
rolling).
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Torsional defection can affect
the accuracy of a cam or gear
driven mechanism.
Furthermore, the greater the
flexibility—elther lateral or
torsional—the lower the
corresponding critical speed.!4
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« Sometimes members like
gears and cams are made
Integral with the shaft, but
more often such members
(which also include pulleys,
sprockets, etc. ) are made
separately and then mounted
onto the shaft. The portion of
the mounted member In
contact with the shaft is the
hub. Attachment of the hub to
the shaft is made In a variety
of ways.
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A gear can be gripped axially
between a shoulder on the
shaft and a spacer, with
torque being transmitted
through a key.[5] The
grooves In the shaft and hub
iInto which the key fits are
called keyways.

5. shoulder on the shaft =4
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A simpler attachment for
transmitting relatively light
loads Is provided by pins.
Pins provide a relatively
Inexpensive means of
transmitting both axial and
circumferential loads.
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An excellent and inexpensive
method of axially positioning
and retaining hubs and
bearings onto shafts is by
means of retaining rings,
commonly called snap rings.
Shaft snap rings require
grooves that weaken the
shaft, but this Is no
disadvantage if they are
located where stresses are
low.
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Perhaps the simplest of all hub-to-
shaft attachments is by means of an
interference fitl%! (hub bore is slightly
smaller than shaft diameter, with
assembly being made with a press,
or by thermally expanding the hub—
—sometimes also contracting the
shaft, as with dry ice——prior to
making a quick assembly before the
temperatures equalize).
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The strongest provision for torque
transmission is usually by means

of mating splines cut in the shaft
and hub.!”]

7. mating splines BN “TLEK 1"
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With respect to lateral vibration
and critical speeds, the
practicalities of manufacturing
and operation are such that the
center of mass of a rotating
system can never coincide
exactly with the center of rotation
Hence as the shatft rotating
speed Is increased, centrifugal
force acting at the mass center
tends increasingly to bow the
shaft. Z25 330 KRR G
Frag 5, i3 AT ] ) SE B[R] e
BB T MK AN 2 il e 0
Ho DI R R 0, VEHIAE
Jor/Ca T /0 G 0 AN T A S




The more the shaft bows, the
greater the eccentricity and the
larger the centrifugal force.
Below the lowest (or
fundamental) critical speed of
rotation, the centrifugal and
shaft elastic forces balance at
a finite shaft deflection. At the
critical speed, equilibrium
theoretically requires an infinite
displacement of the mass

center. fliS g2, (/0o )s
=, B R, RIS
L2500 S N Wy s b S LTS Ry P
— N R S5 TG Ol B ik 2]
ST . AENm BRI, IX AP
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Damping causes equilibrium to
occur at a finite displacement.
However, this displacement is
often large enough to break
the shaft. Rotation sufficiently
above the critical speed results
INn a satisfactory equilibrium
position by moving the mass
center toward the center of
rotation.
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In unusual situations (as some
high-speed turbines),
satisfactory operation Is
provided by quickly going
through the critical speed (not
allowing sufficient time for an
equilibrium deflection to be
reached) and then running well
above the critical speed.
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Place necessary stress raisers
away from highly stressed shaft
regions if possible.!®! Consider
local surface strengthening
processes (as shot-peening or
cold-rolling).°!

| ?}Eu .
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8. stress riser = AN J14
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The shaft (journal) deflection across
a plain bearing must be small
compared to the oil film
thickness.!10]

10. journal 7= A “Hli 20",

PR ER AR m%@ ,
CRHIE) Pl 3 207N /HF%/?EO

The shaft angular def ection at a
ball or roller bearing should
generally not exceed 0.04 deg.
unless the bearing Is self-
aligning. 1]

11.ball or roller bearing & & “BRit #&
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Lesson 6 Belts, Clutches,
Brakes, and Chains

Terminology

Text tour




Terminology

Clutch

Any of various devices for
engaging and disengaging
two working parts of a shaft
or of a shaft and a driving
mechanism

BIOraE: R AR P A
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Friction

1. Friction Is the resistance to
motion of two moving
objects or surfaces over
each other

AR P AH B ) AR =1
Ry B R i) EESTINE
FE Rl = A2 1 LAz B R 1

¥ .

2. A force that resists the
relative motion or tendency
to such motion of two
bodies in contact

RV ) MPBEAG P FH L)
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Chain

A connected, flexible series of links,
typically of metal, used especially for
holding objects together or
restraining or for transmitting
mechanical power.
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Timing belt
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Text tour

Belts, clutches, brakes, and chains
are examples of machine
elements that employ friction as a
useful agent. A belt provides a
convenient means for transferring
power from one shaft to another.
Belts are frequently necessary to
reduce the higher rotative speeds
of electric motors to the lower
values required by mechanical
eguipment.
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Clutches are required when shafts
must be frequently connected and
disconnected. The function of the
brake Is to turn mechanical energy
Into heat. The design of frictional
devices is subject to uncertainties In
the value of the coefficient of friction
that must necessarily be used.
Chains provide a convenient and
effective means for transferring
power between parallel shafts.
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The rayon and rubber V-belt Is
widely used for power transmission.*!
Such belts are made In two series:
the standard V-belt and the high-
capacity V-belt. Other types of belts
are available for power transmission
purposes. The teeth of so-called
timing belt will keep shafts
completely synchronized.!

1. power transmission 4“5l ) 1%
K, BB ahjn]EEN:
NIELFHE RGNV 1) 2 F R IEAT
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When designing a V-belt drive it Is
a good plan to calculate the cost of
two or three different layouts of
belts and pulleys to determine
which has the smallest overall cost.
The catalogs of the various
manufacturers of V-belts contain
much practical information.
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The V-belt Is an important element in
the field of power transmission. It is
continually being improved by the
various manufacturers and loading
values are revised from time to time.
The designer generally is guided by
the current literature for the
particular brand of belt he expects
to use. The forgoing development
should be considered a method that
shows how the fatigue life of a belt
IS Influenced by factors such as
bending, centrifugal effects, and
power transmitted.
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A clutch is a device for quickly and
easily connecting or disconnecting a
rotatable shaft and a rotating coaxial

shaft.[3]

3. rotatable shaft & b“n] A3 1%, M
ShEh”; rotating shaft = “S6shF%, T3
", RN .

BB A

1) 3= sh AT IR

to be started |

RAE Bl 5 AT [F] b e L

T A PR B2 2l i T P 2
Clutches are usually placed between
the input shaft to a machine and the
output shaft from the driving motor,
and provide a convenient means for
starting and stopping the machine and
permitting the driver motor or engine

n an unloaded state.
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The rotor (rotating member) in an electri
motor has rotational inertia, and a torque
IS required to bring it up to speed when
the motor Is started. If the motor shaft is
rigidly connected to a load with a large
rotational inertia, and the motor Is starte
suddenly by closing a switch, the motor
may not have sufficient torque capacity
to bring the motor shaft up to speed
before the windings Iin the motor are
burned out by the excessive current
demands.[*

4. rotational inertia = A" ft{%zjj TR,
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A clutch between the motor and
the load shafts will restrict the
starting torque on the motor to that
required to accelerate the rotor
and parts of the clutch only. On
some machine tools it Is
convenient to let the driving motor
run continuously and to start and
stop the machine by operating a
clutch.
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A brake Is similar to a clutch except
that one of the shafts is replaced by
a fixed member. The basic function
of a brake Is to absorb energy (i.e., to
convert kinetic and potential energy
into friction heat)®! and to dissipate
the resulting heat without developing
destructively high temperatures.

5. kinetic and potential energy =4
“ThRe 5 EE
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R 1 38— AR Sl B i 2 A R4k, TlBh
MBS ARl Hshas i DhRe &
Rolcpe= (RI: Reshae S5 A aeFie
REVEI) IR 2 A2 ik BT

IO

N—

2012-11-16 CHIBR TR D o 1E 2R ) 116



Clutches also absorb energy and
dissipate heat, but usually at a lower
rate. Where brakes (or clutches) are
used more or less continuously for
extended periods of time, provision
must be made for rapid transfer of heat
to the surrounding atmosphere. For
Intermittent operation, the thermal
capacity of the parts may permit much
of the heat to be stored, and then
dissipated over a longer period of time.
Brake and clutch parts must be
designed to avoid objectionable
thermal stresses and thermal distortion.
ZEF N Waatulae s e, H
AR EHlhdy (HE4) 5
2 WD PTG 00 &, 2 R
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The rate at which heat Is
generated on a unit area of
friction interface Is equal to the
product of the normal pressure,
coefficient of friction, and
rubbing velocity.[°!

6. coefficient of friction & Jy“EE#E
X1
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Manufacturers of brakes and of
brake lining materials have
conducted tests and
accumulated experience
enabling them to arrive at
empirical values of pV (normal

pressure times rubbing velocity)

and of power per unit area of
friction surface that are
appropriate for specific types of
brake design, brake lining
material, and service conditions.

Z2E VN ilB) s SN AT AR
A8 pr A A 22 56 A R A T REAS 2]
PV (BRI ) e R IR 2 ) T AR
R B HRA AT R LA, &

e Rl shas vl i)
32 phy debAA L L T T A 2 A




Chain drives combine some of the
more advantageous features of belt
and gear drives. Chains provided
almost any speed ratio for any
practical shaft separation distance.
Their chief advantage over gears Is
that chains can be used with
arbitrary center distances. Compared
with belts, chains offer the
advantage of positive (no slip) drive
and therefore greater power
capacity.!’]

positive (no slip) drive = A“smifl (CGigs))
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An additional advantage Is that
not only two but also many
shafts can be driven by a single
chain at different speeds, yet all
have synchronized motions.
Primary applications are In
conveyor systems, farm
machinery, textile machinery,
and motorcycles.
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In its simplest form a chain drive
consists of two sprockets of arbitrary
size and a chain loop. Sprockets are
wheels with external teeth shaped so
that they can fit into the links of the
drive or driven chain. The shape of
the teeth varies with the number of
teeth. In some recent automotive
applications, tooth shape and/or size
IS modified to reduce noise
generation.
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Chains are available in a range of
accuracies extending from precision
to nonprecision. Nonprecision chains
are low in cost and intended
primarily for noncritical drives of less
than 40-kW power ratings, precision
chains, by contrast, are designed for
high speeds and power capacity.!®!
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Lesson 7 Fasteners and Springs

Terminology

T ext tour
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Terminology
Nut

A small block of metal with a
central, threaded hole that is
designed to fit around and
secure a bolt or screw.

ERE, SRR AR,
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Rivet ['rivit]

A rivet isametal pin with ahead used
to fasten two or more materials
together.
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Spring
An elastic device, that regains its

original shape after being
compressed or extended
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Text tour

Fasteners are devices which
permit one part to be joined to a
second part and, hence, they are
Involved in almost all designs. The
acceptability of any product
depends not only on the selected
components, but also on the
means by which they are fastened
together. The principal purposes of
fasteners are to provide the
following design features:
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(1) Disassembly for inspection and
repair,

(2) Modular design where a
product consists of a number of
subassemblies. Modular design

alds manufacturing as well as
transportation.

(1) Ak B YEs S PR En 1)y
i ;
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There are three main
classifications of fasteners,
which are described as
follows:

ZA AT A AL =28 (Z5:
BATEEHI N /] 9 9 LU =Fi)

(1)Removable. This type
permits the parts to be readily
disconnected without
damaging the fastener. An
example is the ordinary nut-
and-bolt fastener.
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(2) Semipermanent. For this
type, the parts can be
disconnected, but some
damage usually occurs to
the fastener. One such
example Is a cotter pin.

(2)F- 7K AT K HH RS 2 [E] A4
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(3) Permanent. When this
type of fastener is used, it
IS Intended that the parts
will never be disassembled.
Examples are riveted and
welded joints.
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The following factors should be
taken into account when selecting
fasteners for a given application:

AT BRI, (R
K, AEIEFERLEAHL ﬁﬁ%ﬁé%ﬁ mw )
(1) Primary function;

(1)FEATRE

(2) Appearance,;

(2)7M 5

(3) A large number of small size
fasteners versus a small number of

large size fasteners (an example is
bolts);

(3)AF TR R ) /N3 35 [ A S K .
/> B IR IC TR 5 A e CREA TT LA
A )

(4) Operating conditions such as
vibration, loads and temperature,

(4)PE AR PR JE 5 AT 464




(5) Frequency of disassembly;
(6) Adjustabllity in the location
of parts;

(6) A7 5 Fry T Y
(7) Types of materials to be
joined;
(7Y A I RL RIS
(8) Consequences of failure or
loosening of the fastener.
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The importance of fasteners can be
realized when referring to any complex
product. In the case of the automobile,
there are literally thousands of parts
which are fastened together to produce
the total product. The failure or
loosening of a single fastener could
result in a simple nuisance ['nju:sns]j
such as a door rattle or in a serious
situation such as a wheel coming off.
Such possibilities must be taken into
account in the selection of the type of
fastener for the specific application.
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Springs are mechanical members
which are designed to give a
relatively large amount of elastic
deflection under the action of an
externally applied load. Hooke’s
Law, which states that deflection is
proportional tol?! load, is the basis
of behavior of springs. However,
some springs are designed to
produce a nonlinear relationship
between load and deflection.
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The following is a list of the
Important purposes and
applications of springs:
(1)Control of motion in machines.
This category represents the
majority of spring applications
such as operating forces In
clutches and brakes. Also, springs
are used to maintain contact
between two members such as a
cam and Iits follower.
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(2) Reduction of transmitted
forces as aresult of impact
or shock loading.
Applications here include
automotive suspension
system springs and bumper
Springs.

(2) 2 A e . XSSP H AL HE
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(3) Storage of energy.
Applications in this
category are found In
clocks, movie cameras and
lawn mowers. Many
parking meters|4] use
spring mechanisms which
perform the timing function.

)t frftE . XN H T
(ZiE %(E'/*ﬂﬁ]g JEALH . 7F
VF 2 VAT 40T I 28 H R 5

*ﬂjf/jﬂ%pk WTTET D HE

2012-11-16 CHIBRE TR D o 1E 2R ) 139



* (4) Measurement of force.
Scales used to weigh
people is avery common
application for this
category.
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Most springs are made of steel,
although silicon bronze, brass
and beryllium copper are also
used. Springs are universally
made by companies which
specialize in the manufacture of
springs. The helical coll spring Is
the most popular type of spring;
torsion bars and leaf springs are
also widely used.
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If the wire diameter (assuming
a helical coll spring) is less
than 8 mm, the spring will
normally be cold-wound from
hard-drawn or oil-tempered
wire|5]. For larger diameters,
springs are formed using hot-
rolled bar.
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It Is good practice to consult with a
spring manufacturing company when
selecting a spring design, especially
If high loads or temperatures are to
be encountered, or If stress reversals
OCCUr Or corrosion resistance Is
required. To properly select a spring,
a complete study of the spring
requirements, including space
limitations, must be undertaken.
Many different types of special
springs are available to satisfy
unusual requirements or applications.
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L esson 14 Physical Properties
of Materials

Terminology

T ext tour
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Terminology

Melting point

The temperature at which a
solid becomes a liquid at
standard atmospheric pressure

P s EARE R R R I
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Specific heat
Theratio of theamount of heat
required toraisethe
temperature of a unit massof a
substance by one unit of
temperatureto the amount of
heat required toraisethe
temperature of a ssmilar mass of
areference material, usually
water, by the same amount.
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» Specific gravity

* The ratio of the mass of a
solid or liquid to the mass
of an equal

 volume of distilled water at
40C
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Text tour

One of the important considerations
In material selection is their physical
properties (that is, density, melting
point, specific heat, thermal
conductivity, thermal expansion, and
corrosion resistance). Physical
properties can have several important
Influences on manufacturing and the
service life of components. For
example, high-speed machine tools
require lightweight components to
reduce inertial forces and, thus, keep
machines from excessive vibration.!!
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1. Density The density of a material
IS Its mass per unit volume. Another
term is specific gravity, which
expresses a material' s density in
relation to that of water, and thus, It
has no units. Weight saving Is
Important particularly for aircraft
and aerospace structures, for
automotive bodies and components,
and for other products where energy
consumption and power limitations
are major concerns.
2. consumer product = &“F T 2 1
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Substitution of materials for
the sake of weight saving
and economy IS a major
factor in the design both of
advanced equipment and
machinery and of
consumer products, such
as automobiles.l?!
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2. Melting Point The melting point of
a metal depends on the energy
required to separate its atoms. The
melting temperature of a metal alloy
can have a wide range (depending
on its composition) and iIs unlike that
of a pure metal, which has a definite
melting point. The temperature range
within which a component or
structure Is designed to function Is
an important consideration in the
selection of materials.
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The melting point of a metal has
a number of indirect effects on
manufacturing operations.
Because the recrystallization
temperature of a metal Is related
to its melting point, operations
such as annealing and heat
treating and hot working require
a knowledge of the melting
points of the materials involved.
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3. Specific Heat :A material’s
specific heat is the energy
required to raise the
temperature of a unit mass by
one degree. Alloying element
have a relatively minor effect on
the specific heat of metals. The
temperature rise in a workpiece
resulting from machining
operations is a function of the
work done and of the specific
heat of the workpiece material.l®]
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Temperature rise in a
workpiece, If excessive, can
decrease product quality by
adversely affecting Its
surface roughness and
dimensional accuracy, can
cause excessive tool wear,
and can result in undesirable
metallurgical changes in the
material.

TAF B T3 v DR 2R T
it ST ST RS JEE B AN 52 A 1

AR s, S SEU)HT

SRR, EES EM B AH B

AR

E

%{




4. Thermal Conductivity :

Thermal conductivity
Indicates the rate at which
heat flows within and through
a material. Metals generally
have high thermal
conductivity, while ceramics
and plastics have poor
conductivity.
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When heat Is generated by plastic
deformation or due to friction, the
heat should be conducted away at
a rate high enough to prevent a
severe rise in temperature. The
main difficulty experienced In
machining titanium, for example, Is
caused by its very low thermal
conductivity. Low thermal
conductivity can also result in high
thermal gradients and, in this way,
cause inhomogeneous
deformation of work pieces in
metalworking processes.!*]
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5. Thermal Expansion: The thermal
expansion of materials can have
several significant effects, particularly
the relative expansion or contraction of
different materials in assemblies such
as electronic and computer
components, glass-to-metal seals, and
moving parts in machinery that require
certain clearances for proper
functioning. The use of ceramic
components in cast-iron engines, for
example, also requires consideration of
their relative expansions.
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Shrink fits utilize thermal
expansion and contraction. For
example, a part, such as a flange,
IS to be Installed over a shatft. It
first iIs heated and then slipped
over a shaft which is at room
temperature. When allowed to cool
the part shrinks and the assembly
effectively becomes an integral
component
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6. Corrosion Resistance :Metals,
ceramics, and plastics all are subject
to forms of corrosion. The word
corrosion itself usually refers to the
deterioration of metals and ceramics,
while similar phenomena in plastics
generally are called degradation.
Corrosion leads not only to surface
deterioration of components and
structures but also reduces their
strength and structural integrity.
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Corrosion resistance Is an important
aspect of material selection for
applications in the chemical, food, and
petroleum industries, as well as in
manufacturing operations. In addition
to various possible chemical reactions
from the elements and compounds
present, environmental corrosion of
components and structures is a major
concern, particularly at elevated
temperatures.
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Resistance to corrosion depends on
the composition of the material and on
the particular environment. Corrosive
media may be chemicals (acids, alkalis
['eelkolaiz] , and salts), the environment
(oxygen, m0|sture pollution, and acid
rain), and water (fresh or salt water).l!
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Nonferrous metals, stainless steels,
and nonmetallic materials, generally
have high corrosion resistance. Steels
and cast irons usually have poor
resistance and must be protected by
various coatings and surface
treatments.
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The usefulness of some level of
oxidation [oksi'deifon] is
exhibited In the corrosion
resistance of aluminum, titanium,
and stainless steel. Aluminum
develops a thin (a few atomic
layers), strong, and adherent
hard-oxide film (Al,O,) that
better protects the surface from
further environmental corrosion.
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Titanium develops a film of
titanium [tai'teinjom ] oxide
(T10,). A similar phenomenon
occurs In stainless steels, which
(because of the chromium
present in the alloy) develop a
protective film on their surfaces.
When the protective film is
scratched and exposes the
metal underneath, a new oxide
film begins to form.
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Lesson 29 Tolerances and
Surface Roughness

Terminology

T ext tour
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Terminology

Basic size

The theoretical size, from which
limits or deviations are
calculated

FEARRAS: B RSP, 2Tl
B RST i 22 P S i R ST
Deviation

The difference between the hole
or shaft size and the basic size
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Reamer 7]

International tolerance (1T) grade
A series of tolerancesthat vary
with basic size to provide a

uniform level of accuracy within a
glven grade
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Text tour

Today’s technology requires that
parts be specified with
Increasingly exact dimensions.
Many parts made by different
companies at widely separated
locations must be
Interchangeable, which requires
precise size specifications and
production.
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The technigue of dimensioning
parts within a required range of
variation to ensure
iInterchangeabillity 1s called
tolerancing. Each dimension is
allowed a certain degree of
variation within a specified zone,
or tolerance. For example, a part’s
dimension might be expressed as
20=0.50, which allows a tolerance
(variation in size) of 1.00 mm.
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A tolerance should be as large
as possible without interfering
with the function of the part to
minimize production costs.
Manufacturing costs increase as
tolerances become smaller.
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There are three methods of
specifying tolerances on
dimensions: Unilateral, bilateral,
and limit forms. When plus Or-
minus tolerancing Is used, it Is
applied to a theoretical dimension
called the basic dimension. When
dimensions can vary in only one
direction from the basic dimension
(either larger or smaller)
tolerancing is unilateral.
Tolerancing that permits variation
In both directions from the basic
dimension (larger and smaller) is
bilateral.
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Tolerances may also be given in limit
form, with dimensions representing the
largest and smallest sizes for a feature.

Some tolerancing terminology and
definitions are given below.
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Tolerance: the difference between the
limits prescribed for a single feature.

Basic size: the theoretical size, from
which limits or deviations are calculated
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Deviation: the difference between
the hole or shaft size and the basic
size.

(T E=EIE (WINPT VAN R AN
JT PTrs B ZE1H

Upper deviation: the difference
between the maximum permissible
size of a part and its basic size.

EZE: FEA R R RS2 AR
RS BT AR I 22 1L

Lower deviation: the difference
between the minimum permissible
size of a part and its basic size.

PMiaZz: FAF e IME PR T 2 H AR
JT PTrs B ZE1H -

Actual size: the measured size of the
finished part.
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Fit: the tightness between two
assembled parts. The three types of
fit are: clearance, interference and
transition.

Bl e PR AE— %I;EI’J/#FZIEHE’J* N
FERE . Al LAEEC S AR [HBEC S,
FNcE, LS.

Clearance fit: the clearance between
two assembled mating parts.

R SRAC S AN — A 2 A B
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nterference fit: results in an
Interference between the two
assembled parts-the shaft is larger
than the hole, requiring a force or
press fit, an effect similar to welding
the two parts.
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Transition fits: may result in either an
Interference or a clearance between
the assembled parts-the shaft may be
either smaller or larger than the hole
and still be within the prescribed
tolerances.
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Selective assembly: a method of
selecting and assembling parts by trial
and error[1] and by hand, allowing
parts to be made with greater
tolerances at less cost as a
compromise between a high
manufacturing accuracy and ease of
assembly.
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The basic hole system 2! utilizes
the smallest hole size as the basic
diameter for calculating tolerances
and allowances. The basic hole
system Is efficient when standard
drills, reamers, and machine tools
are available to give precise hole
sizes. The smallest hole size is the
basic diameter because a hole can
be enlarged by machining but not
reduced in size.
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The basic shaft system]|3] is
applicable when shafts are
avallable in highly precise
standard sizes. The largest
diameter of the shaft is the basic
diameter for applying tolerances
and allowances. The largest
shaft size is used as the basic
diameter because shafts can be
machined to smaller size but not
enlarged.
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International tolerance (IT)
grade: a series of tolerances
that vary with basic size to
provide a uniform level of
accuracy within a given grade.
There are 20 IT grades: IT01,
ITO, IT], ..., IT18.
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Tolerance symbols: notes giving
the specifications of tolerances
and fits; the basic size Is a number,
followed by the fundamental
deviation letter and the IT number,
which combined give the tolerance
zone; uppercase letters indicate
the fundamental deviations for
holes, and lowercase letters
Indicate fundamental deviations for
shafts.

NEMS: et T aZ58an
PIAREK, /QZIKR#E~/\§&%, Ji
A1 PR A R 7R FE A 22 1) A BERI R ZRIT
FRPET . ENILFERE T~ ZEn
PIRANA R . K5 A RACR LR
A2, /NG FRHMCRAN AW 2

2012-11-16 CHUBE TR P BEiE 2R ) 180




Because the surface texture (or
surface finish) of a part affects
Its function, it must be precisely
specified. Surface texture Is the
variation in a surface, including
roughness, waviness, lay and
flaws.
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Roughness: the finest of the
Irregularities in the surface
caused by the manufacturing
process used to smooth the
surface. Roughness height iIs
measured In micrometers (L m)
or microinches (uin).
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Waviness: a widely spaced
variation that exceeds the
roughness width cutoff
measured in inches or
millimeters; roughness may be
regarded as a surface variation
superimposed on a wavy surface
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Lay: the direction of the surface
pattern caused by the production
method used.

s mm: HrXHEIn T s
TR A 2 T TR 7 1

Flaws: defects occurring
iInfrequently or at widely varying
Intervals on a surface, including
cracks, blow holes, checks,
scratches, and the like; the effect
of flaws Is usually omitted In
roughness height measurements.
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L esson 35 Coordinate Measuring
Machine

Terminology

T ext tour
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Terminology

Coordinate measuring machine
(CMM) AR F5 & A

Linear motor .2k LML
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Digitize

To put (data, for example) into
digital form

R (Blane) 2ot

Turbine blade Ja%e L H
User-friendly

Easy to use or learn to use
J‘ﬂ%fﬁlﬁﬁﬂﬁ IPRESSTE L
{0 255 (24 AT
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Text tour

A coordinate measuring machine
(CMM) Is typically used to
generate 3-D points from the
surface of a part. It’s digitizing a
part in three dimensions. However,
It Is often used to make 2-D
measurements such as measuring
the center and radius of a circle In
a plane, or even one-dimensional
measurements such as
determining the distance between
two points. 1. configure &= k“H%¥r
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Typically, CMMs are
configured to measure In
Cartesian coordinates.!1!
There are also CMMs that
measure in cylindrical or
spherical coordinates.
They can measure any
part surface they can
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CMMs typically generate points in two
ways: point-to-point mode, where the
CMM touches the part and generates
a single point of data every time
contacting with the part, or scanning,
where the CMM moves over a part,
generating data as it moves.
Scanning generates significantly more
data than contacting, but is typically
not as accurate.
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CMMs are manual or automatic. In
manual mode, the CMM is moved by
the user. An automatic CMM Is
typically actuated by electric drives
(using ballscrews or linear motors).!?!
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As shown in Figure 1, articulated
arm CMMs look very much like six-
degree-of-freedom robots, and are
almost always manually driven.
Hybrid CMMs are a cross between
articulated arm systems and
traditional CMMs. They may have
servo assist for making

measurements.
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While the CMM hardware
generates the coordinate data, the
software bundled with the CMM
(or In many instances sold
separately) analyzes the data and
presents the results to the user In
a form that permits an
understanding of part quality, and
conformance to specified
geometry.
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New user-friendly software
that allows the CMM and
probe to be accurately,
quickly, and easily calibrated
has also made the CMM more
accurate and easier to use.l3l
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The most important advancement
In CMM technology over the
past several years is that
significant errors can be
corrected mathematically via
software. As aresult, looser
tolerances can be used on the
system hardware, and the
resulting errors (as long as they
are highly repeatable) are
eliminated in software.l%
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This results In lower
manufacturing costs, while
retaining or even improving the
capabilities of the CMM. Other
major design innovations in the
past were linear air bearings
and linear scales for improved
repeatablility and accuracy.
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Examples of geometries that
are difficult to measure include
very deep holes, where a
probe must be inserted down
the length of the hole. If the
hole diameter is small, such as
cooling holes on turbine blades,
the task becomes even more
formidable.
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A controlled environment is
iImportant for efficient CMM
operation. CMMs can operate well
on the shop floor if they are
equipped with thermal
compensation capabilities that
correct for temperature changes
from standard temperature (20°C).l!
In any case, the CMM should be kept
In arelatively clean environment and
located In a space that is isolated
from vibration.
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A stationary bridge-type CMM s
shown in Figure 2, and the accuracy
of this kind of CMM is usually better
than that of a mobile articulated arm

CMM.
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Figure 2 Bridge-type CMM
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H

owever, recent advances in

the articulated arm area, have

Y

elded significant advances In

the capabilities of the
articulated arm.
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Ut for many operations, the

accuracy of articulated arm
CMMs is sufficient for a variety
of processes.
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The advantage of articulated arm
CMMs is that they generally have a
larger work volume than bridge
CMMs, and can reach areas that are
not easy to access with typical
CMMs. Thus, if guoted accuracies
for articulated arm CMMs are
sufficient for a particular application,
It should be seriously considered as
an alternative. Also, articulated arm
CMMs are more portable. Typically,
they can be set up for measurement
quickly.
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The size range of a CMM can span
about four orders of magnitude with
respect to part size. There are a variety
of enormous CMMs that are used for
measuring entire car bodies, the bodies
of earth moving equipment, and even
large aircraft elements (e. g. , wings
that are 10-m long). There are other
CMMs that measure parts that have
features on the order of 1 mm. This
capabillity can offer significant
advances In micromanufacturing

—ARFRIN E AL A ST Y FE e AR T 224
ST s i DY A H e 2 7§ S PN
AR L T 3R 5
T INLG, B2 o SR

(FIWLIOK KNI ) o LB i) AL bx
=PI =P A L= K EYURE R A
X AN EE 7 B A B g A0k ) EE oK)

el o“




In the future, higher-speed
measurements faclilitated by linear
drives and more advanced
controls, In conjunction with
thermal compensation, will be
making further inroads in the CMM
area. Other big changes may be
expected Iin the software for
CMMs as it becomes more user-
friendly, and flexible. This will
allow for much easier integration
of the CMM Into automated
production facilities.
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Lesson 36 Lathes

Terminology
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Terminology

Stop

A part in a machine that stops or
regulates movement

Y, I T ELEE 1 RiE sh el iz s
A7 B PR A

Carriage

Carriage Is a major element in lathe
mechanism, which provides the
necessary longitudinal motion to the
cutting tool to generate the necessary
surfaces.

WA ZEIRYP N EEEE, ek ) AL
LN 0] 8% 50 DA AR BT T B 1 T3 1 .
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Work

A material or piece of material being
processed in amachine during
manufacture

TAF: lid S P L2 I TR A4 R

Engine lathe il 4= K
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Chuck

A clamp that holds atool or the
material being worked in a machine
such as a lathe.
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Text tour
Engine Lathes¥$ il 4K
Engine lathes, of course, are
general-purpose machines used In
production and maintenance
shops all over the world. Sizes
range from small bench models to
huge heavy duty pieces of
equipment. Many of the larger
lathes come equipped with
attachments not commonly found
In the ordinary shop, such as
automatic stops for the carriage.
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Tracer or Duplicating Lathesg
PR PR BT 4R R

The tracer or duplicating lathe
IS designed to produce
irregularly shaped parts
automatically. The basic
operation of this lathe Is as
follows.
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A template of either aflat or three-
dimensional shapeisplaced in a
holder. A guide or pointer then
moves along this shape and its

movement controls that of the cutting
tool. . T e
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The duplication may include a
sqguare or tapered shoulder,
grooves, tapers, and contours.
Work such as motor shafts,
spindles, pistons, rods, car
axles, turbine shafts, and a
variety of other objects can be
turned using this type of lathe.
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Turret Lathes#% 15 2K

When machining a complex
workpiece on a general-purpose
lathe, a great deal of time Is
spent changing and adjusting
the several tools that are
needed to complete the work.
One of the first daptations of the
engine lathe which made it more
suitable to mass production
was the addition of multi-tool
turret in place of the tailstock.
Although most turrets have six
stations, some have as many as
eight.
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High-production turret lathes are
very complicated machines with a
wide variety of power accessories.
The principal feature of all turret
lathes, however, Is that the tools can
perform a consecutive serials of
operations in proper sequence. Once
the tools have been set and adjusted,
little skill is required to turn out
duplicate parts.
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Automatic Screw Machines H 312 22 ZE PR

Screw machines are similar in
construction to turret lathes, except that
their heads are designed to hold and
feed long bars of stock. Otherwise,
there is little difference between them.
Both are designed for multiple tooling,
and both have adaptations for identical
work. Originally, the turret lathe was
designed as a chucking lathe [3! for
machining small castings, forgings, and
Irregularly shaped workpieces.
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The first screw machines were
designed to feed bar stock and
wire used in making small screw
parts. Today, however, the turret
lathe Is frequently used with a
collet attachment, and the
automatic screw machine can be
equipped with a chuck to hold
castings.
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The single-spindle automatic screw
machine, as its name implies,

machines work on only one bar of stock
at a time. A bar 16 to 20 feet long is fed
through the headstock spindle and is
held firmly by a collet. The machining
operations are done by cutting tools
mounted on the turret and on the cross
slide. When the machine Is in operation,
the spindle and the stock are rotated at
selected speeds for different operations.
If required, rapid reversal of spindle
direction is also possible.
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In the single-spindle automatic
screw machine, a specific length of
stock Is automatically fed through
the spindle to a machining area. At
this point, the turret and cross slide
4l move into position and
automatically perform whatever
operations are required. After the
machined piece Is cut off, stock Is
again fed into the machining area
and the entire cycle Is repeated.
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Multiple-spindle automatic screw
machines have from four to eight
spindles located around a spindle
carrier.l®l Long bars of stock,
supported at the rear of the
machine, pass through these
hollow spindles and are gripped by
collets. With the single spindle
machine, the turret indexes around
the spindle.
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When one tool on the turret is
working, the others are not. With a
multiple spindle machine, however,
the spindle itself indexes. Thus the
bars of stock are carried to the
various end working and side
working tools. Each tool operates In
only one position, but all tools
operate simultaneously. Therefore,
four to eight workpieces can be
machined at the same time.
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Vertical Turret Lathes MR EEZEIR

A vertical turret lathe Is basically a
turret lathe that has been stood on its
neadstock end. It Is designed to
nerform a variety of turning operations.
t consists of a turret, arevolving table,
and a side head with a square turret for
holding additional tools. Operations
performed by any of the tools mounted
on the turret or side head can be
controlled through the use of stops.
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A

Machining Centersjji T.H L

Many of today’s more sophisticated
lathes are called machining centers
since they are capable of performing,
In addition to the normal turning
operations, certain milling and drilling
operations. Basically, a machining
center can be thought of as being a
combination turret lathe and milling
machine. Additional features are
sometimes included by
manufacturers to increase the
versatility of their machines.
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Lesson 37 Milling Machines
and Grinding Machines

Terminology

T ext tour
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Terminology

Milling machine %"ﬁ}}E

D il R
_Hi
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Surface grinder

STH BB IR

Centerless grinder




Boring machine ££fK
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Text tour

Milling machines may be
classified in three groups: the
bed type, the column and knee
type, and special milling
machines.[1]

1. the bed type, the column and
knee type = N“K S AT A7
SoACTIRESNE
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The bed-type milling machine is used
for production manufacturing. The
general characteristics of this type of
machine are that the height of the
table is fixed and the adjustments for
height are made with the spindles.?
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In construction, these machines are
very rigid, permitting greater metal
removal. Since adjustments are
rather time consuming, it takes
longer to set them up than it takes to
set up the knee and column type of

machine.
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The planer type of milling machine is
a bed type machine which is usually
very large.l!

3. planer type of milling machine &
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The table moves under an arch very
much as the table of a planer. The

cutter heads are mounted above and
at the sides of the table.!“!
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The column and knee type of
milling machine is the most
commonly used because of its
flexibility. Because of the ease
with which it can be set up and its
versatility [,v3:sa'tilati] , it IS more
adaptable for quick single-piece
setups. If more complicated setups
are desirable, this is also possible.
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In general, there are two types of
column and knee milling machines:
the horizontal and vertical milling
machines. The difference between
the horizontal and vertical milling
machine Is the position of the
spindle in relation to the machine
table. The spindle is mounted
vertically on the vertical miller and
horizontally on the horizontal miller.
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There are also several special-
purpose machines such as thread
millers, tracer-controlled (profilers)
milling machines, rotary millers,
and many others each designed to
do a very special job."

5. tracer-controlled (profilers)
milling machine 7=k “fj L4 )8k
IR CRERLBEIRD) 70 AR 3Eh: ib
AR HIHIBER, BlansRacst
Ky Vi RIRER (FERCERRD
%%FﬁﬁyAbﬁwﬁ\%%
JRRF IR A BRI

2012-11-16 CHIBR T RE T D 18 2R ) 233



The horizontal boring mill Is
usually a large machine
designed with aretractable
spindle mounted in the
headstock of the machine. The
headstock can be moved in a
vertical direction. A bushing
mounted In a block in the
taillstock Is caused to move up
and down, always in alignment
with the headstock spindle.
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Thus a long boring bar, capable
of mounting cutters, can be
supported at both ends. The
boring bar recelives Its power
from the spindle. It should be
noted that milling cutters, drills,
and so on, can be mounted
directly in the spindle without
using the boring bar or the
tailstock.
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Special milling machines for
continuous milling are also
manufactured. The rotary miller,

which uses a vertical spindle and a
power-actuated rotary table,
provides an opportunity for

continuous m
work may be

illing. Many pieces of
mounted In a circle.

Since the rotation of the table Is
slow, the operator has the chance
nished workpiece
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There are many types of grinding
machines. The two most widely
used are the cylindrical and
surface grinders.!%! Other grinding
operations include those using
vertical spindles, internal and
centerless grinders, and jigs.

6 cylindrical and surface grinders
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The cylindrical grinder is equipped
with a headstock and tailstock
between which the work iIs mounted
and rotated as a grinding wheel In
contact with the work removes
metal from its circumference (see
Fig. 1). =
L/
i
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Figure 1 Sketch of a cylindrical grinder
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The operation iIs somewhat similar to
that of a lathe. The grinding wheel
replaces the tool bit, and the
thousands of little abrasive particles
In it may be thought of as little tool
bits. They In fact produce little chips
during the cutting operation.
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The headstock center may or may
not revolve with the work. The
tailstock center is always dead.!”

7. tail stock center = A “REAETHZR",
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Operating a cylindrical grinder with
both centers dead eliminates any
possible eccentricity [eksen'trisiti]
which may result from the live
center runout. Precision grinding Is
done between two dead centers.
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Feeding the grinding wheel into
the work may be done
automatically or by hand In
Increments as low as 0.0001 In.
per pass.
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The range of infeed of the wheel
Into the work is from about 0.002
In. per pass for roughing to about
0.0005 In. for finishing.
Hydraulically controlled infeed
grinders are also available with
mechanisms for automatic table
retraction when the grinding
operation Is complete.
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The surface grinder iIs used for
grinding flat surfaces (see Fig.2 (a)).
The table mounts a magnetic chuck
used for holding the work during the
grinding operation. The table
oscillates ['oslileit] under the wheel,
as shown in Fig. 2(b). With each
pass the table feeds transversely.
This feed may be accomplished
automatically or by hand. The
automatic control may be with
hydraulic power or a mechanical
Indexing mechanism.
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As the table moves longitudinally
[,lond3i'tju:dinali] the direction is
reversed with trip dogs.![&!

8. trip dog & N TR Ah) Al By .
E LAY, el 2T
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A unigue grinder Is the centerless
grinder of which there are several
types: the cylindrical grinders for
grinding circular external surfaces,
Internal centerless grinders for
grinding internal circular surfaces, and
centerless thread grinders. These
grinders may be used to grind
cylinders, tapers, spheres, threads,
and so on.
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In all case at least three points of
contact with the work are
employed. The work Is supported
by a blade, or roller; a regulating
wheel which has a higher
coefficient of friction than the
grinding wheel is the second
support point.l°! The grinding wheel
IS the third support point. This Is
shown In Figure 3.
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Lesson 38 Drilling Operations
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Terminology

Twist drill

A drill having deep helical grooves
along the shank from the point

WRAEET . T T U6 W5 B A B 1 2
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Trepanning drill k44, LA
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Feed
Feed Isdefined astherelative
movement per revolution, per tooth or
per stroke of the cutting tool in a
direction usually normal to the cutting
speec direction.
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Drilling machinef®
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Counterboring, Countersinking,
Spot facing

kAL, S, #®AOPm
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Vise t4E vice

1. A clamping device of metal, usually
consisting of two jaws closed or

opened by a screw and lever, used In
metalworking to hold a piece in position.
Fed: sl TR, 8WA M
1, ] PSR0358 P BH RTINS R 3ok ok
A LR T H .

2. To hold or compress in or as if in avise
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Radial drill 1
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Text tour

Drilling involves producing through
or blind holes in a workpiece by
forcing a tool, which rotates around
its axis, agalnst the workpiece.l!

1. through or blind holes BA“EBfEBE
L” %Tw:j:r
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Consequently, the range of cutting
from that axis of rotation is equal to
the radius of the required hole. In
practice, two symmetrical cutting
edges that rotate about the same axis
are employed.!?
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Drilling operations can be carried
out by using either hand drills or
drilling machines. The latter differ
IN size and construction.
Nevertheless, the tool always
rotates around its axis while the
workpiece Is kept firmly fixed.
This Is contrary to drilling on a
lathe.
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Cutting Tools for Drilling Operations
e WAESY

In drilling operations, a cylindrical
cutting tool, called a drill, is employed.
The drill can have either one or more
cutting edges and corresponding flutes,
which can be straight or helical. The
function of the flutes is to provide outlet
passages for the chips generated
during the drilling operation and also to
allow lubricants and coolants to reach
the cutting edges and the surface being
machined. Following Is a survey of the
commonly used drills.
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Twist Drill:

The twist drill Is the most
common type of drill. It has two
cutting edges and two helical
flutes that continue over the
length of the drill body. The drill
also consists of a neck and a
shank that can be either straight
or tapered.

RAL B

WA BN e B I ER LR, B
WA BT 1) 7] A S i 50 e A el 31
JIMKERISE A GRS, & kbt
B ESA— A E 1 B HE T AR
i

2012-11-16 CHLBR T RE T D o TE 2R ) 256




In the latter case, the shank is fitted
by the wedge action into the tapered
socket of the spindle and has a tang,
which goes into a slot in the spindle
socket, thus acting as a solid means
for transmitting rotation.*! On the
other hand, straight shank drills are
held in a drill chuck that is, in turn,
fitted into the spindle socket in the
same way as tapered shank drills.
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Twist drills are usually made of
high-speed steel, although
carbide-tipped drills are also
avallable. The sizes of twist
drills used In industrial practice
range from 0. 25 mm up to
80mm.
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Core Drills A core drill consists
of the chamfer, body, neck, and
shank. This type of drill may have
either three or four flutes and an
equal number of margins, which
ensure superior guidance, thus
resulting in high machining
accuracy.”
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A core drill has flat end. The chamfer
can have three or four cutting edges,
or lips, and the lip angle may vary
between 90° and 120" . Core drills
are employed for enlarging
previously made holes and not for
originating holes. This type of drill is
characterized by greater productivity,
high machining accuracy, and
superior quality of the drilled
surfaces.
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Gun Drills  Gun drills are
used for drilling deep holes.
All gun drills are straight-
fluted, and each has a single
cutting edge. A hole in the
body acts as a condulit to
transmit coolant under
considerable pressure to the
tip of the drill.
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There are two kinds of gun
drills, namely, the center cut
gun drill used for drilling blind
holes and the trepanning drill.
The latter has a cylindrical
groove at its center, thus
generating a solid core,
which guides the tool as It
proceeds during the drilling

operation.
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Spade Drills Spade drills are
used for drilling large holes of
90 mm or more. The design
results in a marked saving in
cost of the tool as well as a
tangible reduction In its weight,
which facilitates its handling.
Moreover, this type of drill Is
easy to grind.
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Other Types of Drilling
Operations

B LI H B SR

In addition to conventional
drilling, there are other
operations that are involved In
the production of holes in the
Industrial practice. Following
IS a brief description of each
of these operations.
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Boring Boring involves enlarging
a hole that has already been

drilled. It Is
turning and

similar to internal
can, therefore, be

performed on a lathe. There are
also some specialized machine
tools for carrying out boring

operations.

vertical bori

boring mac
boring mac

Those include the
ng machine, the jig
nine, and the horizontal

nine.
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Counterboring As a result of
counterboring, only one end of a drilled
hole Is enlarged. This is illustrated In
Figure 1 (a). This enlarged hole provides
a space in which to set a bolt head or a
nut so it would be entirely below the
surface of the part.
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(@) Counterboring (b) Spot facing
(c) Countersinking

Figure 1 Operations related to drilling.l!
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Spot Facing  Spot facing
operation Is performed to finish
off a small surface area around
the opening of a hole. As can be
seen In Figure 1 (b), this process
Involves removing a minimal
depth of cut and is usually
performed on castings or
forgings.
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Countersinking As shown In
Figure 1 (c), countersinking Is
done to enable
accommodating the conical
['konikal] seat of a flathead
screw so that the screw does
not appear above the surface
of the part.
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Reaming Reaming is actually a
"sizing" process, by which an
already drilled hole is slightly
enlarged to the desired size.
As a result of a reaming
operation, a hole has a very
smooth surface. The cutting
tool used In this operation Is
known as the reamer.
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Classification of Drilling Machines

BRI 73 2-

Drilling operations can be carried out
by employing either portable small
machines or appropriate machine
tools. The latter differ in shape and
size, although they have common
features. For instance, they all
Involve one or more twist drills, each
rotating around its own axis while the
workpiece Is kept firmly fixed.
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This Is contrary to the drilling
operation on a lathe, where the
workpiece Is held in and rotates
with the chuck.®! Following is a
survey of the commonly used
types of drilling machines.
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Bench-type Drilling Machines Bench-
type drilling machines are general-
purpose, small machine tools that are
usually placed on benches. This type of
drilling machine includes an electric
motor as the source of motion, which is
transmitted via pulleys and belts to the
spindle, where the tool is mounted.
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The feed Is manually generated by
lowering a lever handle, which is
designed to lower (or raise) the spindle.
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The workpiece Is mounted on
the machine table, although a
special vise is sometimes used
to hold the workpiece. The
maximum height of a workpiece
to be machined is limited by the
maximum gap between the
spindle and the machine table.
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Upright Drilling Machines
Depending upon the size, upright
drilling machine tools can be used
for light, medium, and even
relatively heavy jobs. It Is basically
similar to bench-type machines,
the main difference being a longer
cylindrical column fixed to the
base.!8!
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Along that column is an
additional, sliding table for fixing
the workpiece which can be
locked In position at any desired
height. The power required for
this type Is more than that for the
bench-type drilling machines,
since this type Is employed In
performing medium-duty jobs.
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There are also large drilling
machines of the upright type. In
this case, the machine has a box
column and a higher power to
deal with large jobs. Moreover,
gear boxes are employed to
provide different rotational
spindle speeds as well as the
axial feed motion, which can be
preset at any desired rate.
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Multispindle Drilling Machines
Multispindle drilling machines have
sturdy construction and require
high power; each Is capable of
drilling many holes simultaneously
[saimoal'teinissli] . The positions of
the different tools (spindles) can
be adjusted as desired. Also, the
whole head (which carries the
spindles and the tools) can
sometimes be tilted, as required.
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This type of drilling machine is used
mainly for mass production in jobs
having many holes, such as cylinder
blocks.
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Radial Drill A radial drill is
particularly suitable for drilling holes
In large and heavy workpieces that
are inconvenient to mount on the
table of an upright drilling machine. A
radial drilling machine has a main
column, which is fixed to the base.

R PR R IE KA
AT EAhfL, XEETAAE T 20%
ENL UK TAF & Lo SEE R —
AR [ 5 AE SRS B AR

2012-11-16 CHLBE TR NP 3EiE 2R ) 279




The cantilever guide arm, which
carries the drilling head, can be
raised or lowered along the column
and clamped at any desired
position.l°]

9. cantilever guide arm & _N“WLE", 4
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The drilling head slides along the
arm and provides rotary motion and
axial feed motion. Again, the
cantilever guide arm can be swung,
thus enabling the tool to be moved
In all directions according to a
cylindrical coordinate system.
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Lesson 44 Nontraditional
Manufacturing Processes

Terminology

T ext tour
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Terminology
Burr

A rough edge or area remaining on
material, such as metal,

after i1t has been cast, cut, or drilled.
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Saw

Any of various tools, either hand-
operated or power-driven, having a
thin metal blade or disk with a sharp,
usually toothed edge, used for
cutting wood, metal, or other hard
materials.
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Plasma

An electrically neutral, highly
lonized ['alonalzd] gas composed
of ions, electrons, and neutral
particles. It is a phase of matter
distinct from solids, liquids, and
normal gases.
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Text tour

The human race has distinguished
itself from all other forms of life by
using tools and intelligence to create
items that serve to make life easier
and more enjoyable. Through the
centuries, both the tools and the
energy sources to power these tools
have evolved to meet the increasing
sophistication and complexity of
mankind’s ideas.
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In their earliest forms, tools
primarily consisted of stone
iInstruments. Considering the
relative simplicity of the items
being made and the materials
being shaped, stone was
adeguate. When iron tools were
iInvented, durable metals and more
sophisticated articles could be
produced.
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The twentieth century has seen
the creation of products made
from the most durable and,
consequently, the most
difficult-to-machine materials
In history. In an effort to meet
the manufacturing challenges
created by these materials,
tools have now evolved to
Include materials such as
alloy steel, carbide, diamond,
and ceramics.
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A similar evolution has taken place
with the methods used to power our
tools. Initially, tools were powered by
muscles; either human or animal.
However as the powers of water,
wind, steam, and electricity were
harnessed, mankind was able to
further extended manufacturing
capabilities with new machines,
greater accuracy, and faster
machining rates.
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Every time new tools, tool
materials, and power sources are
utilized, the efficiency and
capabllities of manufacturers are
greatly enhanced. However as old
problems are solved, new
problems and challenges arise so
that the manufacturers of today
are faced with tough questions
such as the following:
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How do you drill a 2 mm diameter
hole 670 mm deep without
experiencing taper or runout? Is
there a way to efficiently deburr
passageways inside complex
castings and guarantee 100 % that
no burrs were missed? Is there a
welding process that can eliminate
the thermal damage now occurring
to my product?
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Since the 1940s, a revolution In
manufacturing has been taking
place that once again allows
manufacturers to meet the
demands imposed by
iIncreasingly sophisticated
designs and durable, but in
many cases nearly
unmachinable, materials.
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This manufacturing revolution Is
now, as It has been in the past,
centered on the use of new tools
and new forms of energy. The
result has been the introduction
of new manufacturing processes
used for material removal,
forming, and joining, known
today as nontraditional
manufacturing processes.
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The conventional manufacturing
processes in use today for
material removal primarily rely on
electric motors and hard tool
materials to perform tasks such as
sawing, drilling, and broaching.
Conventional forming operations
are performed with the energy
from electric motors, hydraulics,
and gravity. leeW|se material
joining IS conventlonally
accomplished with thermal energy
sources such as burning gases
and electric arcs.
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In contrast, nontraditional
manufacturing processes harness
energy sources considered
unconventional by yesterday’s
standards. Material removal can
now be accomplished with
electrochemical reactions, high-
temperature plasmas, and high-
velocity jets of liquids and
abrasives.
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Materials that in the past have
been extremely difficult to form,
are now formed with magnetic
flelds, explosives, and the shock
waves from powerful electric
sparks. Material-joining
capabllities have been expanded
with the use of high-frequency
sound waves and beams of
electrons.
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In the past 50 years, over 20
different nontraditional
manufacturing processes have been
Invented and successfully
Implemented into production. The
reason there are such a large
number of nontraditional processes
IS the same reason there are such a
large number of conventional
processes,; each process has its own
characteristic attributes and
limitations, hence no one process Is
best for all manufacturing situations.
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For example, nontraditional
process are sometimes applied
to increase productivity either by
reducing the number of overall
manufacturing operations
required to produce a product or
by performing operations faster
than the previously used method.
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In other cases, nontraditional
processes are used to reduce
the number of rejects
experienced by the old
manufacturing method by
Increasing repeatability, reducing
In-process breakage of fragile
workpieces, or by minimizing
detrimental effects on workpiece
properties.
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Because of the aforementioned
attributes, nontraditional
manufacturing processes have
experienced steady growth since
their introduction. An increasing
growth rate for these processes
In the future Is assured for the
following reasons:
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1. Currently, nontraditional
processes possess virtually unlimited
capabilities when compared with
conventional processes, except for
volumetric material removal rates.
Great advances have been made In
the past few years in increasing the
removal rates of some of these
processes, and there Is no reason to
believe that this trend will not
continue Into the future.
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2. Approximately one half of the
nontraditional manufacturing
processes are available with
computer control of the process
parameters. The use of computers
ends simplicity to processes that
neople may be unfamiliar with, and
thereby accelerates acceptance.
Additionally, computer control
assures reliability and repeatability [°],
which also accelerates acceptance
and implementation.
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3. Most nontraditional processes
are capable of being adaptively-
controlled through the use of

VISIO
othe
tech

N systems, laser gages, and
" IN-process inspection

nigues. If, for example, the In-

process inspection system
determines that the size of holes
being produced in a product are
becoming smaller, the size can be
modified without changing hard
tools, such as drills.
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4. Theimplementation of
nontraditional manufacturing
processes will continue to increase
as manufacturing engineers,
product designers, and
metallurgical engineers become
Increasingly awar e of the unique
capabilities and benefits that
nontraditional manufacturing

Dr ocesses provide.
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BT (electrochemical machining, ECM)
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1) Material.

It is photopolymer (BOEHEMAR) that is a
kind of acrylate (THIEERIR).

2) Support.

X N J Y R AE AR P AR T, R AR
L Z—“t?#ﬂ IR 2R SCHEE R B8 20 ]
ﬁﬂ%wm?ﬁ% A, JR BT —

WV RISCIRAE . XRBESCERA T RER

ZHR ., FrAEHERASE,

3) Model accuracy and perfor mance.

BERRRAEARSTRO01%, HE
ABEREIE05% . KB 7E0.004F10.03
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4) Capacity.
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5) Recycling.
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A.Theoryof SLS

SLS uses a carbon dioxide laser to sinter
successive layers of powder instead of liquid. In
SLS processes, a thin layer of powder Is
applied by a counter-rotating roller
mechanism onto the work place. The powder
material is preheated to a temperature dightly
below its melting point. The laser beam traces
the cross-section on the powder surface to heat
up the powder to the sintering temperature so
that the powder scanned by the laser is
bonded. The powder that is not scanned by the
laser will remain In place to server as the
support to the next layer of powder, which aids
In reducing distortion. When a layer of the
cross-section is completed, the roller levels
another layer of powder over the sintered one
for the next pass.

Scanning mirror Laser (B9%)
(B



1) Material. SLS uses a wide range of materials
for model production including polycarbonate,
PVC  (polyvinyl ciiloride), ABS (acrylonirile-
putadine-styrene), nylon, resin, polyster,
polypropane, polyurethane and investment casting
wax.

SLS i H— KRR BIA, X Lehp R 45
: BRBKIREE. PVC (RA LMD « ABS (N
fig- T Z-R O« Blde. MR A,
RN 22 a5

2) Support.
SLSHRGIA TG LTS it B s iR . fER— =
R B EE WIR K AE N B — JZ SR
3) Model accuracy and performance.
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4) Capacity.
15 KA RS 28 129~ () HLATR A5 95~ K5)
Recycling.
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A spool of thermoplastic filament feeds
Into a heated FDM extrusion head. The
movement of the FDM head is controlled
by computer. Inside the flying extrusion
head, the filament is melted into liquid
(above the melting temperature) by a
resistant heater. The head traces an exact
outline of each cross-section layer of the
part. Asthe head moves horizontally in
X and Y axes, the thermoplastic material
IS extruded out of anozzle by a precision
pump. The materia solidfiesin 1/10
second as it Isdirected on to the
workplace. After one layer is finished,
the extrusion head moves up a
programmed distance in Z direction for
building the layer. Each layer is bonded
to the previous layer through thermal
heating.



1) Material. FDM technology
allows avariety of modeling
materials and colors for model
building. Avallable materials are
wax-filled plastic adhesive material,
proprietary nylon, and investment
casting wax. All the materials are
non-toxic and can be In different
colors.

FDM i ] H) B BT B 3 A0 s
e CGEIRRERL) . ABS (N
Millg- 1 M- M) R K
MABS, RJ SZEL BB A e B 1L
CiiliE . Bra IR RS A& o EE Y

, 10 H A2 ] LA AR B,




» 2) Support. In many cases, the
FDM process does not need
support to produce part. For
overhanging parts, a support
may still be required to reduce
part distortion.

o SLSARGATTETNTCI VT I SCHEEAR
(Har TH&EREN, dLdiE
SCEEAR LD A AR IR

» 3) Model accuracy and
performance

o LELNZETNIEAE0.00555) . BRI,
4 2£0.001710.05 5] 2 [f], Bt [
0.01%10.25%:~} 2 [a] FDM T *“

e R KA 1.2% Hﬁq&%Eﬁ/c

« 4) Capacity.
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A. Theory of LOM

The LOM processes produce
partsfrom bonded paper plastic,
metal or composite sheet stock.

L OM machines bond a layer of
sheet material to a stack of
previously for med laminations,
and then laser beam followsthe
contour of the part cross-section
generated by CAD to cut it tothe
required shape. The layerscan be
glued or welded together and the
excess material of every sheet Is
either removed by vacuum
suction or remains as next layer’s

support.
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B. Features of LOM

1) Material. Virtually any folil
(sheet material) can be applied:
paper, metals, plastics, fibers,
synthetic materials, glass or
composites.

Fu b, AR R ARREfE ] . 4R
. ﬁ/z 95@74 JLF . Rk

2) Support. The LOM process USES

solid-state materias and therefore
usually does not need predesigned
support structure.

LOM L Z A8 H [l A A kL, Bk
Agiil f”ﬂzf%}%ﬁw T 32
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» 3) Model accuracy and
performance.

o JRAIUNLIE HIRG S ] 1K +0.0055%
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» 4) Capacity.
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(5) Three-dimensional Printing: 3D
Printing ( ETTEW
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In the 3-D Printing is dliced into 2-D
cross-section layers in computer. A
layer of powaer is spread on thetop of
the piston, the powder bed, In a
cylinder, and then an inkjet printing
head projects droplets of binder
material onto the powder at the place
where the solidification I1s required
according to the information form the
computer model. After one layer Is
completed, the piston drops a
predefined distance and a new layer of
powder Is spread out and selectively
glued. When the whole part Is
completed, heat treatment Is requirec
to enhance the bonding of the glued
powder, and then the unbondec

powder Isremoved.
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1) Material. The 3-D Printing process can
use aluminum oxide and alumina-silica
ceramic powders. he pinder material 1s
amorphous or colloidal silicon carbide
(SIC).

= AEFT B T 208 A B AT R Ak B
W RN IR RL, R G 6RL & T € I

B BCIR B A (SIC)
2) Support. With the 3-D Printing

technique, the design of support structure
for the part is not needed, since the
unbonded powder of each layer remains
to form a natural support during the
layering process.

A = 4E4T Bl oK, I B 4 ) = %
ﬁﬁ%%uﬁmfﬁﬁm X2
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« 3) Model accuracy and
performance.

o JRALK R IR 2 1785K,

5/MIRFIE ST 520,017 5]

« 4) Capacity.
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Lesson 62 The Computer and
Manufacturing

Terminology

T ext tour
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Terminology

concelve

1. To form or develop In the
mind; devise

1;@/&\3 Eﬂﬁiﬁmi&ifgﬁf@,&,
it

2. To form or hold an idea
AR H . f AR H B — R AR

1A
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Tedious
Tiresome by reason of length,
slowness, or dullness, boring

B Z A BTFEEK. 2218
&7</’Fﬁ'ﬁ/\k/ﬁ'f% EI/J

A NIRAL 6

Optimum

1. The point at which the condition,
degree, or amount of

something Is the most favorable

AR ORI IS, FRRE
é&iﬁ’j Eh A= Jﬁ

2. Most favorable or advantageous,
best

U ol R A A B

I HY
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Text tour

The computer is bringing
manufacturing into the Information
Age. This new tool, long a familiar
one In business and management
operations, Is moving into the
factory, and its advent is changing
manufacturing as certainly as the
steam engine changed it more
than 200 years ago.

T EALIE AR R E N A5 B AR
AN I LLRAE vy MV AN S BE D T
B3 T ZRINA, EIEEERN—
PR ) L H gk ]\@;/ o HE
U [R) 2% V3L 200 2 4F- i @ﬁﬁﬁl |4
E;E&}‘E%K*—, AR AT il 3d MY & A
“H —




The basic metalworking
processes are not likely to
change fundamentally, but their
organization and control
definitely will.

@’“’“ AR 4 8 I L L Z2A K]

ﬁhthﬁﬁi {H 2 EAl]
Hﬁéﬁ,/\ A 7 S AR
MAE

In one respect, manufacturing
could be said to be coming full
circle.
=T AT LA, i3 b A
SER A
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The first manufacturing was a
cottage industry: the designer was
also the manufacturer, conceiving
and fabricating products one at a
time. Eventually, the concept of the
Interchangeability of parts was
developed, production was
separated into specialized functions,
and identical parts were produced
thousands at a time.
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Today, although the designer and
manufacturer may not become one
again, the functions are being drawn
close in the movement toward an
Integrated manufacturing system.

SR, e ihE HHEE AR R —
N, EFE ARG R BETE S, IX P
LiRe DB AET T .

It Is perhaps ironic that, at a time when
the market demands a high degree of
product diversification, the
manufacturing enterprises have to
Increase productivity and reduce cost.
Customers are demanding high quality
and diversified products for less
money.
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The computer Is the key to
meet these requirements. It Is
the only tool that can provide
the quick reflexes, the flexibility
and speed, to meet a
diversified market. And it Is the
only tool that enables the
detailed analysis and the
accessibility of accurate data
necessary for the integration of
the manufacturing system.
fr%‘ﬁfn%iﬁﬁ/@ﬁ% SR REE R 2R
‘voeHe R IR [ N RS ). FHER
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It may well be that, in the future, the
computer may be essential to a
company's survival. Many of today's
businesses will fade away to be
replaced by more productive
combinations. Such more-
productive combinations are
superquality, superproductivity
plants. The goal is to design and
operate a plant that would produce
100% satisfactory parts with good
productivity.
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A sophisticated, competitive world
IS requiring that manufacturing
begin to settle for more, to become
itself sophisticated. To meet
competition, for example, a
company will have to meet the
somewhat conflicting demands for
greater product diversification,
higher quality, improved
productivity, and low prices.
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The company that seeks to meet
these demands will need a
sophisticated tool, one that will
allow It to respond quickly to
customer needs while getting the
most out of its manufacturing
resources.

(155 )i e XL ORI R
NSRS NSRS S v i TE'Z7|<EI’J_:
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The computer is that tool.
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Becoming a "superquality,
superproductivity" plant requires the
Integration of an extremely complex
system. This can be accomplished
only when all elements of
manufacturing—design, fabrication
and assembly, quality assurance,
management, materials handling—
are computer integrated.

o — BRI s B
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In product design, for example,
Interactive computer-aided-
design (CAD) systems allow the
drawing and analysis tasks to be
performed In a fraction of the
time previously required and with
greater accuracy. And programs
for prototype testing and
evaluation further speed the
design process.
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In manufacturing planning,
computer-aided process
planning permits the selection,
from thousands of possible
seguences and schedules, of the
optimum Process.

LE i E HAE VRIS, oS LA B g i T
SHUFE ] LB AT o i P AN L ik
FE jlz*iﬁ.itzpfﬁ?ﬁ’wﬂ_a?i Fo

On the shop floor, distributed
intelligence In the form of
microprocessors controlled
machines, runs automated
loading and unloading
equipment, and collects data on
current shop conditions.
(EZlE) B, A AU e LA AL P28 X
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But such Isolated revolutions
are not enough. What Is
needed Is a totally automated
system, linked by common
software from front door to
back.
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The benefits range throughout the
system. Essentially, computer
iIntegration provides widely and
Instantaneously available,
accurate information, improving
communication between
departments, permitting tighter
control, and generally enhancing
the overall quality and efficiency of
the entire system.
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Improved communication can
mean, for example, designs
that are more producible. The
NC programmer and the tool
designer have a chance to
iInfluence the product designer,
and vice versa.
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Engineering changes, thus, can
be reduced, and those that are
required can be handled more
efficiently. Not only does the
computer permit them to be
specified more quickly, but it
also alerts subsequent users of
the data to the fact that a
change has been made.
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The Iinstantaneous updating of
production-control data permits
better planning and more
effective scheduling. Expensive
equipment, therefore, Is used
more productively, and parts
move more efficiently through
production, reducing work-in-
Process costs.

A A Iy B8 g ) A = 4 il B4l o DA T
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Product quality, too, can be
iImproved. Not only are more-
accurate designs produced, for
example, but the use of design
data by the quality-assurance
department helps eliminate
errors due to misunderstandings.

r i i e 15 2 gt . il
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People are enabled to do thelir
jobs better. By eliminating
tedious calculations and
paperwork-not to mention time
wasted searching for
iInformation-the computer not
only allows workers to be more
productive but also frees them to
do what only human beings can
do: think creatively.
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Computer integration may also
lure new people Into
manufacturing. People are
attracted because they want to
work in a modern,
technologically sophisticated
environment.
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In manufacturing engineering,
CAD/CAM decreases tool design
NC-programming, and planning
times while speeding the
response rate, which will
eventually permit in-house staff
to perform work that Is currently
being contracted out.

eiiE TR, CADICAME/D T
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Lesson 63 Computersin
Design and Manufacturing

Terminology

T ext tour
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Terminology
Built In
Constructed as part of a larger
unit; not detachable

NEETCIR), IR AR — A RS AA
) — R8I &), AR

Warehouse

1. A place in which goods or
merchandise are stored, a
storehouse

WPE: BB YIICAF AL Titk

2. A large, usually wholesale shop

R )E: KRy, @ NS
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2012-11-16 CHIBR TR D 18 2R ) 349




Just in time production (JIT)

The principleof JT isthat
supplies of raw materials, parts,
and components are delivered to
the manufacturer just in time to be
used, and products are finished
just In time to be delivered to the
customer.
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Text tour
Computers have been used In
nearly every manufacturing job.
Computers improve the efficiency,
accuracy, and productivity of many
manufacturing processes. Just like
the other tools and machines,
computers extend human
capabilities and make some jobs
easier. Every department In
manufacturing has found a use for
computers.
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In the management department,
supervisors and managers use
computers to gather information
about the progress of work in all
the other departments.

R, TFE M ﬁ%m7
WO BT A LT3 T AR RE (5

In marketing, researchers,
advertisers, and sales people use
computers to get data on potential

buyers, to study market research,
and to create advertisements.!!!
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The real tool when using any
computer Is the software. Software Is
the set of coded instructions written
to control the operations of the
computers.l!

. coded instruction&= A “dmfid 52", 4
/7714:7'3
T AU 2 E ) T H 2 iEMtF A2 .
TR ENLIEAT EI’J%IJ‘%T
Without software, a Computer would
be a useless machine. The list of
written instructions In software Is
called program. Many software
programs are available for every
department in manufacturing, but the
most important uses of computers
have been in the engineering and
production departments.
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CAD. Drafters use CAD
systems to make technical
drawings of the product to be
manufactured. In the past,
drafters worked with T-squares,
scales, triangles, and pencils
to create these drawings by
hand on paper.
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Today more and more drafters
use CAD systems to perform
drafting operations. Doing
drawing by hand requires a
great deal of time. Each line,
letter, and shape on a drawing
must be created by the drafter.
The drafter must have great
skill to draw these features
exactly the same every time.
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In CAD, most of these jobs are done by
the computer. CAD software programs
are written so that a drafter needs only
to identify the type of line, letter, or
shape required; the computer then
draws the feature perfectly on a
computer screen.

MAECADH, 46K 2 XL T AR Bt EAL5E
R CADHAFRE 54T R 2 b H s Ei e
PTELEe . FREREARBISRAY; vH ALl 2B
e b 58 S 4 XS AE

Most CAD systems also include a
drawing library of commonly used
symbols and shapes to allow faster
drawing.!3!

3. drawing library & N“EEE". &t %R :
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Another advantage of CAD iIs
ease In revising drawings. In the
past, when a product was
changed or improved the
drawings (on paper) had to be
completely redrawn or traced.
Today, CAD systems allow the
drafter to redraw only those parts
and features that have been
revised.
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CAD can also be used to simulate
product testing procedures. In the
past, when a product was
designed by an engineer, scale
models and full-sized prototypes
were often made and tested for
durabllity, strength, and
performance.!“!

4. scale models and full-sized
prototypes = A “ bl B 7 R s B ]
STRENL” . R RN .
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This process involved making dozens
of different models and prototypes until
the engineers found the combination of
materials, parts, and design they
wanted. CAD systems have simulation
programs built in so that product design
models can be built, tested, and
changed on a computer screen in a
small portion of the time needed to
make real models.®]

5. simulation program =k “4)j B
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Engineers can change materials and
parts on the product and simulate the
stresses, strains, and wear the product
must take when used. The procedure of
testing products this way on a computer
Is called finite element analysis.

TR IMRE CCAR 7~ i B A RE RN Z2 A 4524
P i A I 2B R IR J7 AR 35
AETH AL B 2l il B A 4
HIRITH T,

Designing and testing products this way
takes less time, saves the company
money that used to be spent on the
models and prototypes, and improves
the quality of manufactured products.
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The use of computers in
processing materials is called
computer-aided manufacturing or
CAM. CAM involves controlling
tools and machines with
computers. In the past, all
manufacturing machines were
operated and controlled directly
by human operators. Then
numerical control (NC) machining
was introduced.
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With NC, operators code the
machine operations onto a
punched tape. The punched tape
IS then used to control the
machines. Recently CAM has
been replacing NC. Instead of
coding operations onto a punched
tape, CAM operators write
software programs for computers
that are used to control machines.
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CAD/CAM. The next step In
computerizing manufacturing
operations was to tie the engineering
department to the production
department using CAD/CAM
systems. With CAD/CAM, a drafter In
the engineering department draws
the plans for a product on a CAD
system, and the design information
IS then sent directly to machines In
the production department where the
product Is made.
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Computer integrated manufacturing
(CIM). THEALEERHE (CIMD

After the engineering and production
departments were connected with
CAD/CAM, computers were used to
Integrate (tie together) all the
departments. In CIM, the management,
engineering, production, finance,
marketing, and human resources
departments are all linked by computer.
Information about the progress in any
department can be seen at once in any
other department. Company-wide
planning can be done with CIM.
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The human resources department
can prepare workers for specific jobs;
the finance department can plan to
ouy materials to match the
oroduction schedule; marketing can
nlan advertising to match the
finished-product dates, engineering
and production communicate with
CAD/CAM, and management can
direct the whole company by
following the progress of each
department.
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With CIM, all separate departments
can work toward the single goal of
producing and selling a quality product
for profit.t°
6. 7§|uallty product=Z A “G g mn” . h)n]
1
KA SHALE e, P4 IEI]%‘B
AE 4 ) E bR LA, Eﬂﬂﬁﬂl%ﬁ
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Just in time (JIT).l”J Once a company
has started working with CIM, it is not
far from JIT manufacturing. With JIT, a
manufacturing company can save
money by carefully timing the different
parts of the manufacturing process so
that they all fit together "just in time".
7. justintime (JIT) = A“UEmtAr=, R
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For example, manufacturing
companies have always ordered
materials and supplies in large
guantities long before they were
needed. These materials and
supplies were then stored In
nearby warehouses and
delivered to the plant when
needed.
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Renting a warehouse, storing
supplies, and moving supplies
form the warehouse can be
expensive for a company.
Since CIM helps a company
know just when it needs
certain supplies or materials,
the company can have
delivered just Iin time at the
manufacturing plant.
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This saves the company
money that would have been
spent to rent the warehouse.
Similarly, the company will
finish the products and deliver
them to the market
Immediately, again saving the
cost to store finished items in a
warehouse.!
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Flexible manufacturing.
Another important new use of
computers is flexible
manufacturing lets a
company make many
versions of the same product
to meet specific consumer
wants.
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L esson 64 Computer-Aided
Analysis of Mechanical
Systems

Terminology
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Terminology

Simulator

One that simulates, especially an
apparatus that generates test
conditions approximating actual or
operational conditions

BUAEE: AR, T
Ji 4%§w&%¢%ﬁaﬁmma
FATHIRE

Terrain

1. An area of land, ground

HB X, Hhy

2. The surface features of an area of
land, topography
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Planar
1. Of, relating to, or situated

In a plane.

HER: FEP), 5PEA R
IR AR e T

2. A planar surface

FiH

3. Having a two-dimensional
characteristic
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Text tour

The major goal of the
engineering profession Is to
design and manufacture
marketable products of high
quality.!]

1. marketable products®= A “i&
e mh”. e nl A
TAEFARZA TN ) F 2 H by
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Today’s industries are utilizing
computers in every phase of the
design, management, manufacture,
and storage of their products. The
process of design and manufacture,
beginning with an idea and ending
with a final product, is a closed-loop
process.?l Almost every link in the
loop can benefit from the power of
digital computers.
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Factory automation is one of
the major objectives of modern
iIndustry. In factory automation,
all branches of the factory
communicate and exchange
Information through a central
data base.
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Various parts of the product
are designed In the
computer-aided design (CAD)
branch, and then the design
IS sent to the computer-aided
manufacturing (CAM) branch
for parts manufacturing and
final assembly.
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The computer-aided product
design branch, better known as
computer-aided design (CAD),
may consider the design of
single parts or it may concern
itself with the final product as an
assembly of those parts.
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Computerized product design
requires such capabillities as
computer-aided analysis,
computer-aided drafting,
design sensitivity analysis, or
optimization. The computer-
alded analysis capabillity
serves as part of the design
process and Is also used as a
model simulator for the
finished manufactured product.
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Analysis may be considered
especially appropriate for a
product whose initial design has to
be modified several times during
the manufacturing process. Thus
computer-aided analysis can be
used as a substitute for laboratory
or field tests in order to reduce the
cost.l3]

3. substitute for = 4“4, HUR”.

RPN

TR S — N E I Ll R A 3L

HITR T 75 ZAS L 2 IR =i e N
TGRS, n] LR VEE NS B 43

MR BACAESS = P 06 AN IR

Lo CHUMR TR 58 2 ) 380




The computer-aided
manufacturing design branch is
concerned with the design of the
manufacturing process. This
branch considers the
manufacturability of newly
designed parts and employs
techniques to improve the
manufacturing process, in addition
to on-line control of the
manufacturing process.
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The computer-aided analysis
process (CAA) allows the engineer
to simulate the behavior of a
product and modify its design prior
to actual production.

WHEPE DM (CAA) ST TS
PRSI it BA T 8 FEAE S bR A HiT
Bt

In contrast, prior to the introduction
of CAA, the manufacturer had to
construct and test a series of
prototypes, a process which was
not only time-consuming but also
costly.
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Most optimal design techniques
require repetitive analysis
processes. Although one of the
mayjor goals of an automated
factory Is computer-aided
design, computer-aided
analysis techniques must be
developed first.

ﬁyé&ﬁt@cmﬁﬁ T =R
*ﬁﬂi%;eo IREHSMEL L) B—

S H bR v E AL
‘+ WS%‘T/M%BJJ/ TR AN
INGC R RE o

\I

2012-11-16 CHUBR T RE T D o 1E R ) 383



Computer-aided analysis
techniques may be applied to the
study of electrical and electronic
circuits, structures, or mechanical
systems.

ﬁﬁﬂ%%AﬁﬁﬁTUF I
SR T HLE, SRR RS
W H
Today, these programs, known as
finite-element techniques, have
become highly advanced and are
used widely in various fields of
engineering.

AR, IRREEHERR A PR 6 T 12 R
AR ek, IR HAE LR
IR

2012-11-16 CHIBR T RE LD 18 2R ) 384




The development of
algorithms ['aelgaridam] for
analyzing electrical circuits
began in the early days of
electronic computer. Similar
technigues were also
employed to develop
computer programs for
structural analysis.
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It was not until the early 1970s that
computational techniques found
their way into the field of
mechanical engineering.*! One of
the areas of mechanical
engineering where computational
techniques can be employed is the
analysis of multi-body mechanical
systems.
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The purpose of computer-aided
analysis of mechanical systems is to
develop basic methods for computer
formulation and solution of the
equations of motion.

MM R G E LG B A 00 B 128
12 3 7 RE R T EHL 2 AR SR A 4k 2
FER 12

This requires systematic techniques
for formulating the equations and
numerical methods for solving them.
A computer program for the analysis
of mechanical systems can be either
a special-purpose program or a
general-purpose program.
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A special-purpose program is a rigidly
structured computer code that deals with
only one type of application.

T R 2 b 2 i BT LAY, A
By 2R

Such a program can be made
computationally efficient and its storage
requirement can be minimized, with the
result that it will be suitable for
Implementation on small personal
computers.

AR PP T S8 = T HL A 20 R 77 =K i
MK, BRI AT AR NSRS AL A

T he major drawback of a special-purpose
program is its lack of flexibility for handling
other types of applications.
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A general-purpose program can
be employed to analyze a variety
of mechanical systems. For
example, the planar motion of a
four-bar linkage under applied
loads and the spatial motion of a
vehicle driven over a rough terrain
can be simulated with the same
general-purpose program. !>

5. four-bar linkage &= & “VUIEAT AL,
roughtewawﬁijf%TMinjﬂﬁzL Hh P
SR HLIX

ECICIRE Y

R R R S M SR R S . 1]
b, —ANPUEAFHURZESM IR AE T TS
AR HLE USSP B T AT B PRV 4 F 2 3
s n] L R — 8 H AR P T B

2012-11-16 CHUR R B b 5 R ) 389




The Input data to such a program are
provided by the user and must
completely describe the mechanical
system under consideration.

RFPAE P R 4 AN B B P e,
DI SE TR FTE XN IR R Si

The input must contain such
iInformation as number of bodies,
connectivity between the bodies, force
elements, and geometric and physical
characteristics. The program then
generates all of the governing
equations of motion and solves them
numerically.

EIPA AT RRINE Ry St =P SRITEES G N
AERNE . TR R U U R IE S )
BURFESS o R L T AT 2 s )
I REFX EATTREAT BB SR -

2012-11-16 CHIBR TR D 18 2R ) 390




A general-purpose program,
compared with a special-
purpose program, Is not
computationally as efficient
and requires more memory
space, but it is flexible In
use.
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The computational efficiency of a
general-purpose program depends
upon several factors, two of which
are the choice of coordinates and
the method of numerical solution.
The choice of coordinates directly
iInfluences both the number of the
eguations of motion and their
order of nonlinearity
[,nonlini‘aerati] .-1°]
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Furthermore, depending
upon the form of these

equations, one method of

numerical solution may be
preferable to another In
terms of efficiency and

accuracy.
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Lesson 65 Computer Aided
Process Planning

Terminology
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Terminology

Clerical

Of or relating to clerks or office
workers or their work.

j}TaJ:\IE/J E/\J\E/j I_%E/J H/\i\
I BN D1 AR B A SR Y

Concomitant

1. Occurring or existing concurrently
FERERT:  [R]I AAE B A B

2. One that occurs or exists
concurrently with another

FEREY): 5 oA RN A AR B IS AF 1)
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Algorithm ['aelgaridom]

A step-by-step problem-solving
procedure, especially an established
computational procedure for solving
a problem in afinite number of

steps

Tk, N ER G — P E P gt
A 1] mﬁﬁﬁm%z, JUFR— M AT
G PR 25 B8 PN A R 1) et iy 3 ST ) T
=RuN

2012-11-16 CHIBR T RE T D o TE 2R ) 396



Text tour

According to the Tool & Manufacturing
Engineers Handbook, process planning
IS the systematic determination of the
methods by which a product is to be
manufactured economically and
competitively. It essentially involves
selection, calculation, and
documentation. Processes, machines,
tools, operations, and sequences must
be selected. Such factors as feeds,
speeds, tolerances, dimensions, and
costs must be calculated.
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Finally, documents in the form of
setup instructions, work
Instructions, illustrated process
sheets, and routings must be
prepared. Process planning Is an
iIntermediate stage between
designing and manufacturing the
product. But how well does it
bridge design and manufacturing’
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Most manufacturing engineers
would agree that, if ten different
planners were asked to develop a
process plan for the same pairt,
they would probably come up with
ten different plans. Obviously, all
these plans cannot reflect the
most efficient manufacturing
methods, and, in fact, there is no
guarantee that any one of them
will constitute the optimum method
for manufacturing the part.
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What may be even more
disturbing Is that a process plan
developed for a part during a
current manufacturing program
may be quite different from the
plan developed for the same or
similar part during a previous
manufacturing program and it may
never be used again for the same
or similar part.
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That represents a lot of wasted
effort and produces a great
many inconsistencies in
routing, tooling, labor
requirements, costing, and
possibly even purchase
requirements.
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Of course, process plans should not
necessarily remain static. As lot
sizes change and new technology,
equipment, and processes become
avallable, the most effective way to
manufacture a particular part also
changes, and those changes should
be reflected in current process plans
released to the shop.
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A planner must manage and
retrieve a great deal of data and
many documents, including
established standards,
machinability data, machine

specifi

stock availablility, and existing

process p
Informatio

computer is an ideal companion.

cations, tooling inventories,

ans. This is primarily an
n-handling job, and the
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There Is another advantage to using
computers to help with process
planning. Because the task involves
many interrelated activities,
determining the optimum plan
requires many iterations.
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Since computers can readily perform
vast numbers of comparisons, many
more alternative plans can be
explored than would be possible
manually.
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A third advantage In the use of
computer-aided process
planning is uniformity.

KRN B T2 1 26 =
AMIE RS B v ) L 2R B A
— B,

Several specific benefits can be
expected from the adoption of
compute-aided process planning
techniques:

KT EN ) T2t vl LSk
BLUF 115054k

2012-11-16 CHIBR T RE T D o TE 2R ) 405



1.Reduced clerical effort in preparation
of Iinstructions.

1. fEHER L2000, b5 TR

=
H o

2. Fewer calculation errors due to
human error.

2. JDAEREAT N TS B AR B A

R

3. Fewer oversights in logic or
Instructions because of the prompting
capabllity available with interactive
computer programs.

3. HTARH TLJF%HL%EE}? 1 5e N e
11 Yk DA 38 B AN U5 B 77 T A B0

4. Immediate access to up-to-date
information from a central database.
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5. Consistent information, because every
planner accesses the same database.

5. TSN T ENREA]

AR ] B 2
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6. Faster response to changes requested by

engineers of other operating d

epartments.

6. X fHAb AR A AR BT Hh B e
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7. Automatic use of the latest
drawing.

7. HBHA]

1+

8. More-detailed, more-unifor

statements produced by word-

techniques.

revision of apart
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m process-plan
processing
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9. More-effective use of inventories of
tools, gages, and fixtures and a
concomitant reduction in the variety of
those items.

9 B R A E???Hﬁ]J,\\ =YD
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10. Better communication with shop
personnel because plans can be more
specifically tailored to a particular task
and presented in unambiguous, proven
Ianguage

10. HF Htﬂ'f_d Z%MEL AR E B
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11. Better information for production
planning, including cutter life, forecasting,
materials requirements planning,
scheduling, and inventory control.
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Most important for CIM, computer-
alded process planning produces
machine readable data instead of
handwritten plans. Such data can
readily be transferred to other systems
within the CIM hierarchy for use In
planning.
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There are basically two approaches to
computer-aided process planning:
variant and generative.

VRN L 2wl A AR R
A VEFIA) s

2012-11-16 CHIBR TR D o 1E 2R ) 409




In the variant approach, a set of
standard process plans is established for
all the parts families that have been
identified through group technology. The
standard plans are stored in computer
memory and retrieved for new parts
according to their family identification.
Again, GT helps to place the new part In
an appropriate family. The standard plan
IS then edited to suit the specific
requirements of a particular job.
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In the generative approach, an
attempt Is made to synthesize
each individual plan using
appropriate algorithms that
define the various
technological decisions that
must be made In the course of
manufacturing.
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In a truly generative process
planning system, the
seguence of operations, as
well as all the manufacturing
process parameters, would
be automatically established
without reference to prior
plans.
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In 1ts ultimate realization, such
an approach would be
universally applicable:
present any plan to the
system, and the computer
produces the optimum
process plan.
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No such system exists, however. So
called generative process-planning
systems—and probably for the
foreseeable future—are still
specialized systems developed for a
specific operation or a particular
type of manufacturing process. The
logic Is based on a combination of
past practice and basic technology.
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Lesson 66 Numerical Control

Terminology
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Terminology

Prerecord

To record (a program, for example)
at an earlier time for later use

VS U170 /AP (57 v 4 ERS D 33
A M ekl CRnRER?)

Punch

1. A tool for circular or other
piercing

FTfLas . FREATERE B A B 25
75 ) T H

2. To use a punch or use a punch
on

i FFT FLAe B 4T LA AE. . LT AL
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Rerun

i L] is1T

A repeat of amachine run from Its
beginning, usually made desirable

or necessary by afalse start, by an
Interruption, or by a change.
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Text tour

One of the most fundamental
concepts in the area of advanced
manufacturing technologies is
numerical control (NC). Prior to the
advent of NC, all machine tools
were manually operated and
controlled. Among the many
limitations associated with manual
control machine tools, perhaps
none IS more prominent than the
limitation of operator skKills.
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With manual control, the
guality of the product Is
directly related to and limited
to the skills of the

operator. Numerical control
represents the first major
step away from human
control of machine tools.
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Numerical
machine to

control means the control of
ols and other manufacturing

systems through the use of prerecorded,
written symbolic instructions 11 .

B PR R TG R IR AF R o 45

2, EHIHLA
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Rather than operating a machine
tool, an NC technician writes a

program t

hat iIssues operational

Instructions to the machine tool. For
a machine tool to be numerically

controlled
a device f

, It must be interfaced with
or accepting and decoding

the programmed instructions 4,

known as

a reader.
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Numerical control was
developed to overcome the
limitation of human operators,
and 1t has done so. Numerical
control machines are more
accurate than manually operated
machines, they can produce
parts more uniformly, they are
faster, and the long-run tooling
costs are lower.
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The development of NC led to the
development of several other
iInnovations in manufacturing
technology:

éﬁzmﬁtmkf SEHE T 2 3
At JLIOHT A B 1R 7= A

1. Electrical discharge
machining.

1. HKAe i THR,

2. Laser cutting.

2. wWotY)#E,

3. Electron beam welding.
3. HLTIHRER
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Numerical control has also made
machine tools more versatile than
their manually operated
predecessors.

BRI FHR L BT R A
THEEDIRTZEN T HIEE T 12,

An NC machine tool can
automatically produce a wide
variety of parts, each involving an
assortment of widely varied and
complex machining processes.
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Numerical control has
allowed manufacturers to
undertake the production of
products that would not
have been feasible from an
economic perspective using
manually controlled
machine tools and
processes.
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Like so many advanced
technologies, NC was born In
the laboratories of the
Massachusetts Institute of
Technology. The concept of
NC was developed in the early
1950s with funding provided by
the U.S. Air Force.
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The APT (Automatically
Programmed Tools) language was
designed at the servomechanism
laboratory of MIT In 1956. This is a
special programming language for
NC that uses statements similar to
English language to define the part
geometry, describe the cutting tool
configuration, and specify the
necessary motions.
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The development of the APT
language was a major step
forward In the further
development of NC
technology. The original NC
systems were vastly different
from those used today.
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The machines had hardwired logic
circuits. The instructional
programs were written on punched
paper, which was later to be
replaced by magnetic plastic tape.
A tape reader was used to
interpret the instructions written on
the tape for the machine. Together,
all of this represented a giant step
forward In the control of machine
tools. However, there were a
number of problems with NC at
this point in its development.
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A major problem was the fragility of the
punched paper tape medium. It was
common for the paper tape containing
the programmed instructions to break or
tear during a machining process. This
problem was exacerbated [ek'szsabeitid] by
the fact that each successive time a part
was produced on a machine tool, the
paper tape carrying the programmed
Instructions had to be rerun through the
reader.
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If it was necessary to produce
100 copies of a given part, it was
also necessary to run the paper
tape through the reader 100
separate times. Fragile paper
tapes simply could not withstand
the rigors of a shop floor
environment and this kind of
repeated use.
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This led to the development of a
special magnetic plastic tape. Whereas
the paper tape carried the programmed
Instructions as a series of holes
punched in the tape, the plastic tape
carried the instructions as a series of
magnetic dots.
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The plastic tape was much stronger
than the paper tape, which solved the
oroblem of frequent tearing and
oreakage. However, it still left two other
oroblems.
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The most important of these was
that it was difficult or impossible
to change the instructions
entered on the tape. To make
even the most minor
adjustments in a program of
Instructions, It was necessary to
Interrupt machining operations
and make a new tape.
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It was also still necessary to
run the tape through the
reader as many times as
there were parts to be
produced. Fortunately,
computer technology became
a reality and soon solved the
problems of NC associated
with punched paper and

plasti

c tape.
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The development of a concept
known as direct numerical control
(DNC) solved the paper and plastic
tape problems associated with
numerical control by simply
eliminating tape as the medium for
carrying the programmed
Instructions. In direct numerical
control, machine tools are tied, via a
data transmission link, to a host
computer.
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Programs for operating the machine
tools are stored in the host computer
and fed to the machine tool as needed
via the data transmission linkage.

PRINIZLEH LR P s 2R P A B X & - HAL
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Direct numerical control represented a
major step forward over punched tape
and plastic tape. However, it Is subject
to the same limitations as all
technologies that depend on a host
computer.
Eﬁﬁ%hﬁ
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When the host computer goes down,
the machine tools also experience
downtime. This problem led to the
development of computer numerical
control.
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The development of the
microprocessor allowed for the
development of programmable logic
controllers (PLCs) and
microcomputers. These two
technologies allowed for the
development of computer numerical
control (CNC). With CNC, each
machine tool has a PLC or a
microcomputer that serves the same
purpose.
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This allows programs to be
Input and stored at each
iIndividual machine tool. It
also allows programs to be
developed off-line and
downloaded at the individual
machine tool.
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CNC solved the problems
associated with downtime of the host
computer, but it introduced another
problem known as data management
The same program might be loaded
on ten different microcomputers with
no communication among them. This
problem is in the process of being
solved by local area networks that
connect microcomputers for better
data management.

ﬁ%‘%ﬂ%ﬁi‘%@‘ﬁ%?E‘Eﬁ%‘i*ﬂﬁéﬁﬂ%@?
T R AR, AESEE AT R
jj%ﬁ)% FHP A, R — MR R BE
AT )\+/\7I°EELZIEH&7§L1HH3%?E’J
WAL o XA EOEEfR R 2P, E A
1 ob K A RS X ko 265 1 - AN Top L4 2
R, J?’F'J—A S Ut A T s P

2012-11-16 CHUBE TR P BEiE 2R ) 438




Lesson 71 Industria Robots

Terminology
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Terminology

Industrial robot T MHL#E A
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Articulate

Consisting of sections united by joints,
jointed

ARTEER: HRVERABI T, &
)

T-3robot T-3§L.88 A

v
extension

Shisililer
swivel

s
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Parting

1. The act or process of separating or
dividing.

IrE, O3t R Er T IAT B AR
2. The state of being separated or
divided.

I, X T S EI T HPIRES

Shutdown

A cessation of operations or activity,

as at a factory
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Text tour

There are a variety of definitions of the
term robot. Depending on the definition
used, the number of robot installations
worldwide varies widely. Numerous
single-purpose machines are used In
manufacturing plants that might appear
to be robots. These machines are
hardwired to perform a single function
and can not be reprogrammed to
perform a different function.
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Such single-purpose machines do not fit
the definition for industrial robots that Is
becoming widely accepted. This definition
was developed by the Robot Institute of
America:

XA GBI 2 A RET 2 ANTH 28T
QEXM%—ﬂ&m s NIE Lo XN E
NAEmEEN s AR

A robot Is a reprogrammable
multifunctional manipulator designed to
move material, parts, tools, or specialized
devices through variable programmed
motions for the performance of a variety
of tasks.
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Note that this definition contains the
words reprogrammable and
multifunctional. It is these two
characteristics that separate the true
iIndustrial robot from the various single-
purpose machines used in modem
manufacturing firms.

T EAE XA E PSR LA gm R P A 22 T e
XA o 1E S IX PR AN IE LA A S AR
Hl3E ) s A B — A LA X 20 K
The term “reprogrammable” implies
two things: The robot operates
according to a written program, and this
program can be rewritten to
accommodate a variety of
manufacturing tasks.
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The term “multifunctional” means
that the robot can, through
reprogramming and the use of
different end-effectors, perform a
number of different
manufacturing tasks. Definitions
written around these two critical
characteristics are becoming the
accepted definitions among
manufacturing professionals.
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The first articulated arm came
about in 1951 and was used by the
U. S. Atomic Energy Commission.
In 1954, the first programmable
robot was designed by George
Devol. It was based on two
iImportant technologies:

BN A I BN O T T 195 LA il
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Numerical control (NC) technology.
() EFEHI(NCY AR

(2) Remote manipulation
technology.
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Numerical control technology
provided a form of machine control
ideally suited to robots. It allowed for
the control of motion by stored
programs.
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These programs contain data points
to which the robot sequentially
moves, timing signals to initiate
action and to stop movement, and
logic statements to allow for decision
making.
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Remote manipulation technology
allowed a machine to be more
than just another NC machine. It
allowed such machines to become
robots that can perform a variety
of manufacturing tasks in both
Inaccessible and unsafe
environments. By merging these
two technologies, Devol developed
the first industrial robot, an
unsophisticated programmable
materials handling machine.
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The first commercially produced
robot was developed in 1959. In
1962, the first industrial robot to be
used on a production line was
Installed by General Motors
Corporation. This robot was
produced by Unimation.
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A major step forward in robot control
occurred in 1973 with the
development of the T-3 industrial
robot by Cincinnati Milacron. The T-3
robot was the first commercially
produced industrial robot controlled
by a minicomputer.
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Numerical control and remote
manipulation technology prompted
the wide-scale development and
use of industrial robots. But major
technological developments do not
take place simply because of such
new capabilities. Something must
provide the impetus for taking
advantage of these capabillities. In
the case of industrial robots, the
Impetus was economics.
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The rapid inflation of wages experienced
In the 1970s tremendously increased the
personnel costs of manufacturing firms. At
the same time, foreign competition
became a serious problem for U. S.
manufacturers. Foreign manufacturers
who had under taken automation on a
wide-scale basis, such as those in Japan,
began to gain an increasingly large share
of the U.S. and world market for
manufactured goods, particularly
automobilles.
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Through a variety of automation
techniques, including robots,
Japanese manufacturers, beginning
In the 1970s, were able to produce

better automobiles more cheaply

than nonautomated U. S.
manufacturers. Consequently, In
order to survive, U.S. manufacturers
were forced to consider any
technological developments that
P Improve productivity.
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It became imperative to produce
better products at lower costs Iin
order to be competitive with foreign
manufacturers. Other factors such
as the need to find better ways of
performing dangerous
manufacturing tasks contributed to
the development of industrial robots.
However, the principal rationale has
always been, and is still, improved
productivity.
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One of the principal advantages of
robots Is that they can be used In
settings that are dangerous to
humans. Welding and parting are
examples of applications where
robots can be used more safely than
humans. Even though robots are
closely associated with safety in the
workplace, they can, in themselves,
be dangerous.
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Robots and robot cells must be
carefully designed and configured so
that they do not endanger human
workers and other machines. Robot
work envelopes should be accurately
calculated and a danger zone
surrounding the envelope clearly
marked off. Red flooring strips and
barriers can be used to keep human
workers out of a robot's work
envelope.
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Even with such precautions it is still a
good idea to have an automatic
shutdown system in situations where
robots are used. Such a system
should have the capacity to sense the
need for an automatic shutdown of
operations. Fault-tolerant computers
and redundant systems can be
Installed to ensure proper shutdown of
robotics systems to ensure a safe
environment.
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Lesson 77 Technical Report
Elements

Terminology
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Terminology

Abstract

A statement summarizing the
Important points of a text

M WEARIE SO A

P

Epitome [I'pitami]

A brief summary, as of a book or
an article
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Xerox|'zioroks]

A trademark used for a photocopying
process or machine employing
xerography. This trademark often
OCCUrs in print in uppercase or
lowercase as a verb, an adjective, and
a noun, such as “L etters you send
should be xeroxed after you sign
them”
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Text tour

Abstract The Abstractis a
condensed statement of the important
Information contained in the complete
report. It is the epitome of a summary.
It stresses the objective and
conclusions. 1!

stressix L s " n) o 38 »

i% AT R 4 30 A S Rt b?wﬂ’j
NIRRT 52 . & mi i El’ﬁﬂ 518 .
An Abstract allows the reader to survey
the purpose, content, and conclusions
of a report quickly. The two most
Important requirements of an abstract
are that it be concise and informative.
To accomplish this, the abstract is
usually written last.
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Introduction  The primary function of
an Introduction is to let the reader know
the importance of the work and to
clearly define the objective. Once this is
stated, a brief plan of development
should follow. A well-constructed
Introduction should stimulate reader
Interest and summarize the contents of
the report. Background information of a
theoretical or historical nature may be
warranted to support this preliminary
iInformation. As you would expect, the
Introduction is the section that
Introduces the work to the reader.
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The beginning of the Introduction usually
explains the problem and the objective of
the report. Journalists are taught to
answer the five W's: who, what, where,
when and why. It is probably a good idea
to keep these in mind when writing your
Introduction and to answer those W's that
are pertinent to your objective. For
example, the WHO might be the names of
orevious investigators that you found in a
iterature search. The WHAT would be the
oroblem statement. The WHY might be
pertinent applications of your results. The
WHERE and WHEN are obvious.
S5 UG 38 5 e B ) @R H o 0 e
I & AW NP, S s, I Ta) A
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The Introduction is used to
acquaint the reader with the
material of the report. As part of
this presentation it is advisable
to state some of the important
principles of the work and
enumerate assumptions.
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Analysis  The Analysis section is used
to develop a pertinent theory based on the
basic principles that explain the
phenomenon you are investigating. Most
experimental studies involve the
Interaction of a variety of complex
Influences and subtleties. The purpose of
the analysis Is to remove the mask of
complexity and expose the underlying
facts. It Is a process of systematic thinking,
combining logical assumptions with basic
principles to develop a relationship that
explains your results. This relationship is
usually the hypothesis that is the subject
of the report. The experiment is the study
of this hypothesis to test if your
assumptions and logic are correct.
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The Analysis Is usually
iInterspersed with equations. It Is
not simply a series of equations
devoid of explanatory material.
The explanation of technical
material Is naturally associated
with mathematics. Assumptions,
which are expressed in words, are
transformed into their
mathematical equivalents.
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Basic principles are also
expressed In mathematical terms
and are combined with the
assumptions to develop the
hypothesis. However, your
presentation should be complete
enough that a peer could duplicate
your work.!?]

2. peer X B[4 R) [ PEN

HAR I B B AR IE I S
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It Is frustrating to see the expression,
“It can readily be seen that" between
two equations which bear no
apparent relationship one to the
other.

FEP A B W R R ) 2 RS 218 2
13 AR R IR 22 NHFEH

If some real detail iIs necessary to
fully explain a particular point but Is
extraneous to your basic
presentation, then this work belongs
in an appendix.!
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Equations must be presented clearly
with explanatory material relating the
eguation to the remainder of the
report. Symbols should be defined
when they are first introduced. All the
symbols in an equation must be
defined. However, It IS not necessary
to redefine terms once they have
been presented. If the report
contains a number of unfamiliar
symbols, give a nomenclature
lnau'menklstfs] Section.
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Procedure This section describes the
apparatus and details the experimental
procedure for taking measurements. In
this section, you must explain what was
measured and how you measure it. You
should provide sufficient detail so that the
experiment can be replicated using the
same or equivalent equipment. Drawings
showing the setup are often useful. They
can be an aid in describing certain
measurements and they should show the
Interconnections of the various
Instruments.
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The Procedure does not contain results.
You can explain that 20 separate tests
were performed. You can say that the
means and standard deviation were
calculated, but you do not give the
numerical values.!*l These values are

presented in the Results Section.
4. means and standard deviationx & “*f-

P RIbRE 27, A i) A
BRSBTS T 207 g
TEke 50T BB P AR 22 AT T
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Discussion of Results Results are the
facts. They are the data you collected and
the data you calculated. Means, standard
deviations, confidence intervals and errors
are all results.®!
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Present the results in a logical and
concise fashion. You can place
sample calculations in this section.
But If you want detail and an
explanation of a series of extraneous
calculations, then use an appendix.
In general, the detalled calculations
of the experimental errors are best
placed in an appendix unless the
analysis of the errors Is the object of
the report.

A&~ AR ) 7 SN 4 R IR
AJ DAAEIX AN 0 TR — S8 fa) B R v H 5
(EANSRAREEVEH U IR — R A L
TR, RO Y. B2, SER R
Z ) PER T s A AR Bt s, BRARXY
R 2= W BT Al B H H

N1

<

Ul

2012-11-16 CHLBR T RE T D o TE 2R ) 472



Do not transcribe your raw data. These
are the numbers you recorded from
your experimentation. A Xerox or
carbon copy of the data should be In
the appendix forming the last page of
your report.l81 Thus, it is important to
Keep a neat, clear and informative
aboratory notebook, and all your lab
partners could have the same identical
ast page of their report.
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In the Procedure, you explained how
and what were measured. Now you
give the results. The results are the
facts; given the same raw data, the
reader should get the same results.
Repeating the experiment shoulc
give similar results. But even when
the results are identical, readers may
Interpret the results differently
welighing certain information more
heavily. These interpretations of the
results are called conclusions.
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Conclusions It is interesting that,
given the same results, two people can
draw two different conclusions, and
neither conclusion is necessarily
incorrect.!’]

7. draw conclusionE= 4 “fSH 45", &R
H
AEREE, N THERER, WA AT S H
EEEKEEQ%%’ i HX A~ 45 12 n] el 2 IE
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That Is not to say that any conclusion is
correct but that a conclusion is
personal; it Is your interpretation of the
results and Is subjective. However, the
conclusion should relate to the
objective of the report.
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Students hesitate to make
conclusions for fear of being
wrong. "This method of
determining the coefficient of
friction was a reasonably good
way of obtaining fairly accurate
results,”" says nothing. It straddles
the iIssue and avoids being wrong.
It IS better to be decisive when the
results warrant a decision.
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Some legitimate conclusions are:

LU R 72 225 B Z5 e B 61

(a) This experiment showed that the
coefficient of static friction between
aluminum and brass is not a simple
value but can vary by as much as 50
% .

S 0 N AR AN B AT 2 [R) B R EE R R AN 2
—PHR—HME, ZREZ A[k50%.

(b) This experiment showed that it is not
necessary to use sophisticated or
expensive equipment to obtain
accurate results.

%%mT&ﬁMﬁ@ﬁﬁ re 2 1) B B o 1) A A%
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(c) For an experlment stressing precision,
the equipment was unusually crude.
No wonder the results had such
variability. Better equipment would
have given more precise answers.
XS g s T ORI RE R U, A SEAE S K
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All these conclusions may be valid; it
depends upon the results.
Remember that conclusions are not
facts. They are your interpretation of
the facts, and these interpretations
should pertain to the objective of the
report.'® They should bring your
report to a sensible finish.
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Lesson 78 Writing the
Technical Report

Terminology
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Terminology

Substantiate [sAbs'taen/ieit]

1. To support with proof or evidence;
verify

uESE, Uk
2. To give material form to, embody

fif HARL

Reading

The information indicated by a gauge
or graduated instrument

LA, R I AN AR B A 2
A B2 B 45 S
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Appendix

A collection of
supplementary material,
usually at the end of a book
o WAL TR REBAL
SES NV bR

2012-11-16 CHIBR TR D o 1E R ) 481



Text tour

Communication of your ideas and results
IS a very important aspect of engineering.
Many engineering students picture
themselves in professional practice
spending most of their time doing
calculations of a nature similar to those
they have done as students.!!! Fortunately,
this is seldom the case. Actually,
engineers spend the largest percentage of
their time communicating with others,
either orally or in writing.

1. pictureix FLAF WAL, ALZ R n]REh .

W2 4 R )7a 8 TR B — B 7 1
2 TR A*E%ﬁﬂﬂﬂ KMNF ANV FIAR T
VERS, WSRABA T Y22 B AR e B K = )
TR T VP T AR SFIs e, XPPEHEIR
DA SRR b, TREFEIARN R 15 2
EI/JHTIEU%BTPT$D:E4@A§C/)ILJ:T 1=k 1) BY
Hoe Y .




When your design is done, it is usually
necessary to present the results to your
client, peers, or employer. The usual form
of presentation is a formal technical report.
Thus, it is very important for the
engineering student to develop his or her
communication skills. You may be the
cleverest person in the world, but no one
will know that If you cannot communicate
your ideas clearly and concisely. In fact, if
you cannot explain what you have done,
you probably don't understand it yourself.
IUREI BT e LU, TR R LR B
BT VRIZE ) FATEOE 2. 455K 2
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The following suggestions are
presented as a guide to
technical writing and an aid In
avoiding some of the most
common mistakes.

LN SRR EER TR 3
S Bl S L LI RS
Title The title should be a

meaningful description of what
you have written.
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Important Information
Emphasize important
iInformation; beware of the
common error of burying It
under a mass of details./?!

2. a mass of & N “ K=" 4h]
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Fact vs. Opinion  Separate fact
from opinion. It Is Important for
the reader to know what your
contributions are, what ideas you
obtained from others (the
references should indicate that),
and which are opinions not
substantiated by fact.
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Tense The choice of the tense of
verbs Is often confusing to student
writers. The following simple rules
are usually employed by
experienced writers:

A B N S BB NE F
AR . LT B Ta] SR 4 22 5
IR -
Past tense. Use to describe work
done in the laboratory or in general,
to past evens, "Hardness readings
were taken on all specimens. *
o2 I S wE P CA Y T
TEE— M dR Tzi WSk, BT A
AR,
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Present tense. Use Iin reference to
items and ideas in the report itself. “It is
clear from the data in Figure 4 that strain
energy is the driving force for recovery.”®.

3. driving force= N “UKE) )7, 4h) A%
N :

AR AR B SRS A B SR
JEAE, “R4E3Hﬁ§&?)§«%**ihi§%F AZ e
WA (IR )

Future tense. Use in making prediction
from the data that will be applicable In
the future. "The data given in Table 2
iIndicate that the tonnage will continue to
increase in the next ten years.” 4

4. tonnagei A “Mify, HE/K &, 2f)a]
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The following paragraphs provide the
basics necessary for preparing each
section of a technical report.

LT B dR A 1 E S SORIR S BR300 s 1) ik
ANEZ

The Abstract- Summary of the Entire
Report. An Abstract must be a complete,
concise distillation of the full report, and,
as such, should always be written last.®! It
should include a brief (one sentence)
Introduction to the subject, a statement of
the problem, highlights of the results
(quantitative, If possible), and major
conclusions. It must stand alone without
citing figures or tables. A concise, clear
approach is essential, since most
Abstracts are less than 250 words.

5. as suchi b “Alif”. a3k .
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The Introduction- Why Did You Do
What You Did? An Introduction
generally identifies the subject of the
report, provides the necessary
background information including
appropriate literature review, and, Iin
general, provides the reader with a
clear rationale [,reefo'na:li] for the work
described. The Introduction does not
contain results, and generally does
not contain equations.
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Analysis-What Does Theory Have
to Say? An Analysis section
describes a proposed theory or a
descriptive model. It does not
contain results, nor should
extreme mathematical details be
provided. Sufficient detall
(mathematical or otherwise)
should be provided for the reader
to clearly understand the
assumptions associated with a
theory or model.
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Experimental Procedure- What Did You
Measure and How? The Experimental
Procedure section is intended to
describe how the experimental results
were obtained and to describe any
nonstandard types of apparatus or
techniques that were employed. As a
rule of thumb, provide sufficient details
to allow the experiment to be conducted
by someone else. If a list of equipment
IS Included In the report, it should be a
table in the body of the report, or should
be placed in an appendix.
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Results and Discussion-So What Did You
~ind? Results of your work must be
presented, as well as discussed, in this
section of the report. Data must be
Interpreted to be useful to most readers.
When presenting your results remember that
even though you are usually writing to an
experienced technical audience, what may
be clear to you may not be obvious to the
reader. Assuming too much knowledge can
be a big mistake, so explain your results
even If it seems unnecessary. If you can't
figure them out, say so, “The mechanism is
unclear and we are continuing to examine
this phenomenon.”
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Often the most important vehicles for the
clear presentation of results are figures
and tables.l8! Column heads in tables
should accurately describe the data that
appear in that column.l’]

6. vehiclelX 5" F B h) a] 224 -
R RN 2R3 TS A8 A 2 45 R B B

R

FE.
7. column head= " “S VNI AFR
R AN

RS A N A 24 R AR AR IX A1 TR R
P BEAT MR I

Each of the figures and tables should be
numbered and have a descriptive title.
Each table and figure must be explicitly
[Ik'splisitli] and individually referenced

and described In the text of the Results
section.
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Conclusions- What Do | Know Now?
The Conclusions section is where
you should concisely restate your
answer to the question: "What do |
know now?” It Is not a place to offer
new facts, nor should it contain
another rendition of experimental
results or rationale.l®! Conclusions
should be clear and concise
statements of the important findings
of a particular study; most
conclusions require some
guantitative aspect to be useful.
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Appendixes Appendixes are the
final elements in formal reports that
contain supplemental information or
iInformation that is too detailed and
technical to fit well into the body of
the report or that some readers need
and others do not. The recent trend
In formal reports has been to place
highly technical or statistical
Information in appendixes for those
readers who are interested in such
material.

Ui W% 1 2R S Y s o
7, W AME EEOIREE R HAR K
ZNES ﬁ‘ﬁT@ﬁﬁI@Jﬂi =3 EI'JQ =
jZ BeTr B W B oy — AT NS
/l_no %ﬁ%?}h‘ & A‘Q:J:&ﬂ:'::lzﬂﬂl—,lﬁ:ﬁlz
ZNEREE LT/+'fm4u\}j&)\|3ﬁ% L3 A2
TR EE X IX LER R R 2




SLtE S R ]

1. %, for example, instance,
more specifically, to illustrate, let
me explain with this example

2. XfHa similarly, in the same way,
likewise, the same applies to, like,
unlike, in spite of , on the other
hand, on the contrary,
nevertheless, but, however,
conversely, Whereas

3. Ja[d, Fify, because, this is
because, this Is the reason, for this
reason, as smce, on account of
4. R4S, as a result,
therefore, hence,

Consequently accordlngly, IN
conclusion ,etc.

5. H#x, for this purpose, to this
end, by way of ,

6. In addition , not only ,but,
furthermore, besides




/. If unless, under these
circumstances, although
8. First ,second, third ,next,
finally, the first point | would like
to makes is
9. With respect to , regarding,
talking of , now for, by the way,
10. Meanwhile, in the meantime,
11. On the opposite side,
adjacent to
12. As far as Is concerned, as far
as | know, to my knowledge,
13. Let me turn now to the next
subject, moving on to
14. What about, how do you
15. To review briefly, in short
on the whole, to sum up, In
summary, in brief.
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1. Figure
f|0|ureL%TaLﬁ“ﬁ % A

P30 EIANE AT A B %‘ZTUﬁHflgurei%T
~igure 5 Is the schematic diagram of a

d/a converter. (14572 £/, e ds 1) )R 2 E])

2. Diagram

| diaﬁ%rammﬂﬁi%ﬁmﬁﬁﬁttiﬁf 2 ) —
/l\lﬂ ? ﬁXE/J\ﬂ:/\ %%

This simplified block diagram is valuable.

(XA T HIHERIRA . )
3§mm—h%?% LK. e, Welfs
L—l:

The graph of this equation has been
drawn above. (75 2 A0 I th £ B 248 E
[T H . )

4. Plot 1£4F 7] LA 5 graph B 3

The plot of | versus V is a straight line. (|

FEVH) AR th 2t — 2 HE . )

5. View — i ?Wﬂ B0 S 4 ) P ) 25
R, AR R T A g B (B
S )

The top and cross-sectional views of the
memor structure are shown below. (iIXF{F

fitr A8 S ) () DR B R BT B R TR s )
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6. Proflle *ﬂﬂ T EFRISNE R
S, HImEIRE:  stratigraphic
prof'le i J2 280167 [ 2

profile ti A] $5 25 70471 4]
density profile® i 77-Ai 14,
pressure proflleFj'J M &

7. Pattern TIREA., K%, 1
204 A mask with 100 tlny
individual patterns is

placed over the chip and erosed
to light. CBf 58 L0007y 0 37
1‘— Eﬁ%ﬁ%ﬁ&?ﬁ aa)#biﬁﬁ‘ej‘ﬁ )

8. Drawin *%%ﬂlﬂ_jg X 4K
&ﬁ?%_ ETXﬁ‘ E/J Bﬁ Tﬂtﬂ :

perspective drawin #1&%
projection drawingyx s¢

0. Cwarty T & %D%ﬁl]?iﬁ
P, nautlcal chartﬂmE
fllght chart it == .
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10. Map faH . RARE . AR LL A& —
LEHKE. seismic map HiZE K
weather map % &l radar map &1k K

11. Sketch —fgFafH & 2 H P~ 2K,
bd

~] 0

12. Layoutss B T #2552 1) S AR SN
SMIERRES, SRR . Among
the disadvantages are great layout
difficulties. (Ht &2 — 2 (H i) HE K IR
Mo )

13. Line— N T4 sz B 5 R AN A E

A, ﬁﬂﬂ“{zlxﬁﬂéﬁ 4. The engineers are

making the designing of the hull lines.

CTRITATIE 26 B A P )

14. Scheme: Schematicis 5 E. ~&=K:
wiring scheme H1< it ¢ 1%

15. Draft, Delineation Draft& 4 }Fﬂnﬂﬁi
B, delineation A H 5% &. &K, ~=K.,
X PN 1R FH 198502 D
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