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Unit 1

Introduction to Mechanical Design

Text

Mechanical design is the application of science and technology to devise new or
improved products for the purpose of satisfying human needs. “'It is a vast field of
engineering technology which not only concerns itself with the original conception of the
product in terms of its size,shape and construction details, but also considers the various
factors involved in the manufacture, marketing and use of the product.

People who perform the various functions of mechanical design are typically called
designers,or design engineers. Mechanical design is basically a creative activity. However, in
addition to being innovative,a design engineer must have a solid background in the areas
of mechanical drawing, kinematics,dynamics, materials engineering,strength of materials
and manufacturing processes.

As stated previously,the purpose of mechanical design is to produce a product which
will serve a need for human. Inventions, discoveries and scientific knowledge by
themselves do not necessarily benefit people; only if they are incorporated into a
designed product will a benefit be derived. It should be recognized, therefore, that a
human need must be identified before a particular product is designed.

Mechanical design should be considered to be an opportunity to use innovative
talents to envision a design of a product, to analyze the system and then make sound
judgments on how the product is to be manufactured. It is important to understand the
fundamentals of engineering rather than memorize mere facts and equations. There are
no facts or equations which alone can be used to provide all the correct decisions required
to produce a good design. On the other hand, any calculations must be done with the
utmost care and precision. For example, if a decimal point is misplaced, an otherwise
acceptable design may not function.

Good designers require trying new ideas and being willing to take a certain amount
of risk, knowing that if the new idea does not work the existing method can be
reinstated. Thus a designer must have patience,since there is no assurance of success for
the time and effort expended. Creating a completely new design generally requires that
many old and well-established methods be thrust aside. This is not easy since many people

cling to familiar ideas, techniques and attitudes. A design engineer should constantly
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search for ways to improve an existing product and must decide what old, proven concepts
should be used and what new,untried ideas should be incorporated.

New designs generally have “bugs” or unforeseen problems which must be worked
out before the superior characteristics of the new designs can be enjoyed. Thus there is a
chance for a superior product,but only at higher risk. It should be emphasized that,if a
design does not warrant radical new methods,such methods should not be applied merely
for the sake of change.

During the beginning stages of design, creativity should be allowed to flourish
without a great number of constraints. Even though many impractical ideas may arise, it
is usually easy to eliminate them in the early stages of design before firm details are
required by manufacturing. In this way,innovative ideas are not inhibited. Quite often,
more than one design is developed,up to the point where they can be compared against
each other, it is entirely possible that the design which is ultimately accepted will use
ideas existing in one of the rejected designs that did not show as much overall promise.

Psychologists frequently talk about trying to fit people to the machines they operate.
It is essentially the responsibility of the design engineer to strive to fit machines to
people. This is not an easy task,since there is really no average person for which certain
operating dimensions and procedures are optimum.

Another important point which should be recognized is that a design engineer must
be able to communicate ideas to other people if they are to be incorporated.
Communicating the design to others is the final, vital step in the design process.
Undoubtedly many great designs. inventions, and creative works have been lost to
mankind simply because the originators were unable or unwilling to explain their
accomplishments to others. Presentation is a selling job. The engineer,when presenting a
new solution to administrative, management, or supervisory persons,is attempting to sell
or to prove to them that this solution is a better one. Unless this can be done
successfully, the time and effort spent in obtaining the solution have been largely wasted.

Basically,there are only three means of communication available to us. These are the
written, the oral, and the graphical forms. Therefore the successful engineer will be
technically competent and versatile in all three forms of communication. A technically
competent person who lacks ability in any one of these forms is severely handicapped. If
ability in all three forms is lacking,no one will ever know how competent that person is!

The competent engineer should not be afraid of the possibility of failure in a
presentation. In fact, occasional failure should be expected because failure or criticism
seems to accompany every really creative idea. There is a great deal to be learned from a
failure.and the greatest gains are obtained by those willing to risk defeat. "*'In the final
analysis, the real failure would lie in deciding not to make the presentation at all.

To communicate effectively,the following questions must be answered:

(1)Does the design really serve a human need?
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(2) Will it be competitive with existing products of rival companies?

(3)Is it economical to produce?

(4)Can it be readily maintained?

(5) Will it sell and make a profit?

Only time will provide the true answers to the preceding questions, but the product
should be designed, manufactured and marketed only with initial affirmative answers.
The design engineer must also communicate the finalized design with manufacturing
through the use of detail and assembly drawings.

Quite often,a problem will occur during the manufacturing cycle. It may be that a
change is required in the dimension or tolerance of a part so that it can be more readily
produced. "' This falls in the category of engineering changes which must be approved by
the design engineer so that the product function will not be adversely affected. In other
cases,a deficiency in the design may appear during assembly or testing just prior to
shipping. These realities simply bear out the fact that design is a living process. There is
always a better way to do it and the designer should constantly strive towards finding that

better way.

New Words & Expressions

mechanical design LA 3

application / eepli'keifon/ n. N FH,iE FH
devise /di'vaiz/ v. ¥&it; & W

original /o'ridzenl/ adj. f%¥)H) ;A
function /'fagkfen/ n. HHE

innovative /'inouveitiv/ adj. BI# 1
mechanical drawing HLHl &l
kinematics / kino'meetiks/ n. iz 124
dynamics /dai'neemiks/ n. 3l Jj2#
materials engineering T 741 £}
strength of materials #4 %} J12%
incorporate /in'kopereit/ v. & If
fundamental //fande'mentl/ n. JEA & N
(a7 #D

precision /pri'sizon/ n. {55 ;K E
decimal /'desimoal/ adj. /N

thrust /6rast/ v. F Sy

technique /tek'nitk/ n. FI5, 3%

for the sake of /7T

flourish /'flewif/ v. 5% 5B TH Bk
ultimately /'altimitli/ adv. &J5.&F
psychologist /sai'kolodzist/ n. [>PE2EFK
optimum /'optimom/ adj. f&FHAH Y
accomplishment /o'komplifment/ n. A
s 58

graphical /'greefikol/ adj. KElff# )
versatile /'vosotail/ adj. ZIREN; £ 4
EZND

handicap /'heendikeep/ v. Wik . {di A F|
affirmative /o'fomoativ/ adj. 5 EM
assembly /a'sembli/ n. D
manufacturing cycle il & & #
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Complex Sentence Analysis

[1]It is a vast ficld of engineering technology which not only concerns itself with the
original conception of the product in terms of its size,shape and construction details, but
also considers the various factors involved in the manufacture, marketing and use of the
product. ¥ K TAREAR 1 8 A AU A 5T 77 i (89 RS HROFIT I 400 45 48 10 SE A g S
AT A5 7 o R 3 B B RS A5 D T A )

@D...which not only concerns itself with the original conception of the product in
terms of its size, shape and construction details, but also considers the various factors
involved in the manufacture, marketing and use of the product.iX f&—-~H which 3| 5 /)
Rtk P 5 15 DA ), 264717 K field, HirP not only...but also 5|5 i1 & Wi IE 31 143

@in terms of . AR, Fi2 18,

[2]In the final analysis, the real failure would lie in deciding not to make the
presentation at all. S22, JE A AR AR HIERRIL,

(Din the final analysis: #.Z , TR 45K,

@lic in: £ Teeeeee i

[3]This falls in the category of engineering changes which must be approved by the
design engineer so that the product function will not be adversely affected. {HJ&, T.# I
) B A 20 285 BT E T RE Ao L LAPRAIEAS 23458 40 7 it O T RE

(Dfall in the category of . J& T WF—2&,

@which must be approved by the design engineer so that the product function will
not be adversely affected: X & — 4~ i which 5| 5 % R il 5 %2 5 M &), H e 17 18 A4
engineering changes.,

Exercises

I . Translate the following into Chinese or English.

.mechanical design

AL A 1]

. kinematics

1

2

3

4. TR R

5.strength of materials
6

7

8

9

H R W KR

.unforeseen problems

.operating dimensions
10. 1l & 4 9]
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. Mark the following statements with True(T) or False(F) according to the text.

( )1.Mechanical design is the application of science and technology to devise
new or improved products for the purpose of satisfying human needs.

( )2. In addition to being innovative, a design engineer must have a solid
background in the areas of mechanical drawing, kinematics, dynamics, engineering
material,strength of or improved products for the purpose of earning a profit.

( )3.1t is equally important to understand the fundamentals of engineering as
well as memorize relevant facts and equations.

( )4.During the beginning stages of design, creativity should be allowed to
flourish with a lot of constraints.

( )5. Undoubtedly many great designs,inventions,and creative works have been
lost to mankind simply because the originators were unable or unwilling to explain their
accomplishments to others.

II. Fill in the blanks with the suitable words or phrases given below,

category occur adversely

strive prior to shipping dimension
Quite often,a problem will 1 during the manufacturing cycle. It may be that a
change is required in the 2 or tolerance of a part so that it can be more readily
produced. This falls in the 3 of engineering changes which must be approved by
the design engineer so that the product function will not be 4 affected. In other
cases,a deficiency in the design may appear during assembly or testing just 5 .

These realities simply bear out the fact that design is a living process. There is always a
better way to do it and the designer should constantly 6 towards finding that
better way.

V. Translate the Chinese parts given in the brackets into English.

1. Mechanical design is the application of science and technology to devise new or

improved products CHT i RNERTFR.

2.People who N & R AL R T T/F) are typically called
designers,or design engineers.

3.1t is important to (R TAEILAIA rather than memorize
mere facts and equations.

4.New designs generally CH ¥ £ B BE A 2K 68 ORI [R] £ which

must be worked out before the superior characteristics of the new designs can be enjoyed.
5. The design engineer must also communicate the finalized design to manufacturing

il 2 2 7 P A 2 S D
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Unit 2

Some Rules for Mechanical Design

Text

The purpose of design is to meet a kind of need, which can be real or imagined.
Existing apparatus may need improvements in durability, efficiency, weight, speed, or
cost. New apparatus may be needed to perform a function previously done by men,such
as computation,assembly,or servicing. "' With the objective wholly or partly defined, the
next step in design is the conception of mechanisms and their arrangements that will
perform the needed functions. For this purpose, freehand sketching is commonly
adopted. Since freehand sketching can record one’s thoughts and is helpful in
communicating your ideas to others. It can also visualize one’s ideas,thus stimulating his
creativity.

When the general shape and a few dimensions of the several components become
apparent, the relevant analysis can be commenced. The analysis will have as its objective
satisfactory or superior performance, plus safety and durability with minimum weight,
and a competitive cost. Optimum proportions and dimensions will be sought for each
critically loaded section, together with a balance between the strength of the several
components. Materials and their treatment will be chosen. “*! These important objectives
can be attained only by analysis based upon the principles of mechanics,such as those of
statics for reaction forces and for the optimum utilization of friction; of dynamics for
inertia, acceleration, and energy; of elasticity and strength of materials for stress and
deflection;and of fluid mechanics for lubrication and hydrodynamic drives.

Finally, a design based upon function and reliability will be completed, and a
prototype may be built. If its tests are desirable,and if the device is to be produced in
quantity designers should undergo certain modifications that enable it to be manufactured
in quantity at a lower cost. During subsequent years of manufacture and service, the
design is likely to undergo changes as new ideas are conceived or as further analysis based
upon tests and experience indicate alterations. Sales appeal, customer satisfaction, and
manufacture cost are all related to design,and ability in design is intimately involved in
the success of an engineering innovation.

The following tips may be helpful in stimulating creative ideas of the designers.

(1) Apply ingenuity to utilize desired physical properties and to limit undesired ones.
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“IThe performance requirements of a machine are met by utilizing laws of nature or
properties of matter(e.g., flexibility, strength, gravity, inertia, buoyancy, centrifugal
force, principles of the lever and inclined plane, friction, viscosity, fluid pressure, and
thermal expansion) ,also the many electrical, optical, thermal,and chemical phenomena.
However,what may be useful in one application may be detrimental in the next. For
example, flexibility is desirable in valve springs but not in the valve camshaft;friction is
desirable at the clutch face but not in the clutch bearing. Ingenuity in design should be
applied to utilize and control the physical properties that are desirable and to minimize
those that are not desirable.

(2) Provide for favorable stress distribute and stiffness with minimum weight. On
components subjected to fluctuating stress, particular attention is given to a reduction in
stress concentration, and to an increase of strength at fillets, threads, holes, and fits.
Stress reduction is made by modification in shape, and strengthening may be done by
prestressing treatments such as surface rolling and shallow hardening. Hollow shafts and
tubing,and box sections give a favorable stress distribution, together with stiffness and
minimum weight. Sufficient stiffness to maintain alignment and uniform pressure
between contacting surfaces should be provided for crank, cam, gear shafts, and
enclosures and frames containing bearing supports. The stiffness of shafts and other
components must be suitable to avoid resonant vibrations.

(3)Use basic equations to calculate and optimize dimensions. The fundamental
equations of mechanics and the other sciences are the accepted bases for calculations.
These fundamental equations sometimes may be rearranged in special orders to facilitate
the determination or optimization of dimensions, such as the beam and surface stress
equations for determining gear-tooth size. Factors may be added to a fundamental
equation for conditions not analytically determinable,e.g.,on thin steel tubes, an
allowance for corrosion added to the thickness based on pressure. "’ When it is necessary
to apply a fundamental equation to shapes, materials, or conditions which only
approximate the assumptions for its derivation,it is done in a manner which gives results
“on the safe side”. In situations where data are incomplete,equations of the sciences may
be used as proportioning guides to extend a satisfactory design to new capacities.

(4)Choose materials with the consideration of the combination of different
properties. Materials should be chosen for a combination of pertinent properties,not only
for strengths,hardness,and weight,but sometimes for resistance to impact,corrosion,and
low or high temperatures. Cost and fabrication properties are factors, such as
weldability, machinabitity, sensitivity to variation in heat-treating temperatures, and
required coating.

(5)Select carefully between stock and integral components. A previously developed
component is frequently selected by a designer and his company from the stocks of parts

manufacturers,if the component meets the performance and reliability requirements and
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is adaptable without additional development costs to the particular machine being
designed. However, the selection of these components should be carefully made with a
full understanding of their properties,since the reputation and liability of the company
suffers if there is a failure in any one of the machine’s parts. In other cases,the strength,
reliability, and cost requirements are better met if the designer of the machine also
designs the component,with the particular advantage of compactness.

(6)Provide for accurate location and non-interference of parts in assembly. A good
design provides for the correct locating of parts and for easy assembly and repair.
Shoulders and pilot surfaces give accurate location without measurement during assembly.
Shapes can be designed so that parts cannot be assembled backwards or in the wrong
place. Interferences, as between screws in tapped holes, and between linkages must be
foreseen and prevented. Inaccurate alignment and positioning between such assemblies
must be avoided, or provision must be made to minimize any resulting detrimental

displacements and stresses.

New Words & Expressions

apparatus /eepo'reites/ n. ¥& &, ¥ %, fluctuating stress 3225 i /1

wH stress concentration i Jj&

durability /djuera'biliti/ n. ifif A P, ifif fillet /'filit/ n. [®fA

A crank /kreegk/ n. [ . i

optimum utilization & & F| H cam /keem/ n. 4%

inertia /in'o:fio/ n. 4E gear shaft 14 %l

lubrication /ilubri'keifon/ n. VH# ; H#HE resonant vibration ¥R

YEH determinable /di'torminobl/ adj. 7] ¥t E
hydrodynamic /'haidroudai'neemik/ adj. f . A SE 1Y

WA I 0 5K 1Y pertinent /'patinent/ adj. A X #,
sales appeal #EW 5] 1 KM

intimately /'intimitli/ adv. %Yl weldability /welda'bilsti/ n. (&4
buoyancy /'boiensi/ n. ¥/ liability /laio'biliti/ n. 3%, X %
centrifugal force B> H compactness /kom'peektnis/ n. B %, %
principle of lever and inclined plane FT.#F B RE /N, N

Ji 3R A% T i B interference /into'fiorons/ n. iz, T-¥
thermal expansion ## ik tapped hole B4 fL

detrimental /detri'mentl/ adj. A FEHK



Unit 2 Some Rules for Mechanical Design o 11 »

Complex Sentence Analysis

[1]With the objective wholly or partly defined, the next step in design is the
conception of mechanisms and their arrangements that will perform the needed
functions. 4 H A5 5¢ 4820 B 5 7 . T — > B it 28 Bl J2 X BB % 5 IR BT T B ) BE #Y Bl
Ky S H A Jy AT AT

(Dwith the objective wholly or partly defined: & st v F 4 B4 . 76 24 SR 5

@that will perform the needed functions: & [2 fil #4: 52 & M ] , 18 1fi 5547 1) mechanisms
and their arrangements, A] DL R “ GE 8 5¢ BT 5 2 D g i AILAG S AR Jmy

[2]These important objectives can be attained only by analysis based upon the
principles of mechanics,such as those of statics for reaction forces and for the optimum
utilization of friction;of dynamics for inertia,acceleration,and energy;of elasticity and
strength of materials for stress and deflection;and of fluid mechanics for lubrication and
hydrodynamic drives. HATARE J) 24 U PEAT 70 B A RE A 2 X 2L 8 52 H A . 3X 2850 #7445
MR #7252 DL B 0 A S AR 0 A0 58 23 ) e 458 0 o ARG 3l g 2 DU O3 A AR L JRE A E
T AR S ) 2E FORE D 2 43 BT R RIS TE AR A D 2 43 B i i N AL A

D] based upon the principles of mechanics J& i 7% 43 i 45 18 U5 & & 18 . & i
analysis, A] DA Ry “ AR 45 7 27 B AR AT 09 40 47

@7F such as those of statics for reaction forces and for the optimum utilization of
friction;of dynamics for inertia, acceleration, and energy; of elasticity and strength of
materials for stress and deflection; and of fluid mechanics for lubrication and hydrodynamic
drives 4], those J& R T PUAN I 51 (4 4 18] 40 18 557

[3]The performance requirements of a machine are met by utilizing laws of nature
or properties of matter(e. g. , flexibility, strength, gravity. inertia, buoyancy, centrifugal
force, principles of the lever and inclined plane, friction, viscosity, fluid pressure and
thermal expansion),also the many eclectrical,optical, thermal,and chemical phenomena.
A LUF T B AR D0 B0 o ) M RE (i an o SR P B B8 VT ) ABUIE VPR 0 LB ) R B A R
AT D B RE A R AR TR ) AR I D R 22 H S OGS AL SR LSO R — B L g 1
WITEKR .,

by utilizing laws of nature or properties of matter: & H1/id by 51513 & 1A 8 15 . %
RFBIT

[4]When it is necessary to apply a fundamental equation to shapes, materials, or
conditions which only approximate the assumptions for its derivation, it is done in a
manner which gives results “on the safe side”. 4 25%51 F — > A 200 7 2 F2 0k B4 BE RN
o P 2% A o T 3k 6 0 A 19 e AN A 7 2 A S5 o 9 R L 4 I SR A it 7 45
“fi T AT

O] which only approximate the assumptions for its derivation &M which 5| S/
PR ] 4 5 15 M) . 14 55 47 18] shapes, materials,or conditions,
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@which gives results “on the safe side” )& which 5| 5 Y B il ¥4 2 i A, B4 Se 1T

7] manner, 1% on the safe side J&“% 4] 4E 7 )& B,

Exercises

I . Translate the following into Chinese or English.
.optimum utilization

B

.centrifugal force

1
2
3
A AT J5 B R 1 i 2
5.thermal expansion
6
7
8
9

AL N T]

.stress concentration
AR

. parts manufacturers

10. B2 AL
. Mark the following statements with True(T) or False(F) according to the text.

( )1.Designing starts with a real need instead of an imagined one.

( )2.Freehand sketching, though a stimulant for creative ideas,is of no value
since computer is so widely used in designing nowadays.

( )3.These important objectives can be attained only by analysis based upon the
principles of mechanics,such as those of statics for reaction forces and for the optimum
utilization of friction;of dynamics for inertia,acceleration,and energy,etc.

( )4.Ingenuity in design should be applied to utilize and control the physical
properties that are desired and to maximize those that are not desired.

( )5.Special attention should be given to components subjected to fluctuating
stress in order to reduce resonant vibration.

II. Fill in the blanks with the suitable words or phrases given below.

fundamental in a manner facilitate
determinable on the safe side surface stress
The 1 equations of mechanics and the other sciences are the accepted bases
for calculations. They are sometimes rearranged in special forms to 2 the
determination or optimization of dimensions,such as the beam and 3 equations

for determining gear-tooth size. Factors may be added to a fundamental equation for
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conditions not analytically 4 , ¢.g.,on thin steel tubes, an allowance for
corrosion added to the thickness based on pressure. When it is necessary to apply a
fundamental equation to shapes, materials, or conditions which only approximate the
assumptions for its derivation,it is done 5 which gives results 6 7. In
situations where data are incomplete, equations of the sciences may be used as
proportioning guides to extend a satisfactory design to new capacities.

IV. Translate the Chinese parts given in the brackets into English.

1. The analysis will have as its objective satisfactory or LR BT

YEPERE) . plus safety and durability with minimum weight,and a competitive cost.

2. These important objectives can be attained only by analysis

R 7 25 U
3.If its tests are satisfactory, and if the device is to be produced in quantity at a
lower design will (ff—e &) that enable it to be manufactured

in quantity at a lower cost.
4. The performance requirements of a machine are met
(R A SR 0 Ay s iy P ED

5. Materials should be chosen for a combination of pertinent properties,not only for

strengths, hardness, and weight, but sometimes for

Corfrai 0P i el e D T g i AR TR R BE D)
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Unit 3

Mechanisms

Text

A mechanism is the components combination of more than two or two connected
with the others to realize the regular motion made up by way of the activity. They are
the component of machinery. Activity connections between two components that have the
relative motion are called motion pairs. All motion pairs contacting with planes are
called lower pairs and all motion pairs contacting with points or lines are called high
pairs. "' The motion specific property of mechanism chiefly depends on the relative size
between the component, and the character of motion pairs, as well as the mutual
disposition method.etc. The component is used to support the component of motion in
the mechanism called the machine frame and used as the reference coordinate to study
the motion system. The component that possesses the independence motion is called
motivity component. The component except machine frame and motivity component
being compelled to move in the mechanism is called driven component. The independent
parameter(coordinate number) essential for description or definite mechanism motion is
called the free degree of mechanism. For gaining the definite relative motion between
the components of mechanism, it is necessary to make the number of motivity
components of mechanism equal the number of free degrees.

Mechanisms may be categorized in several different ways to emphasize their
similarities and differences. One such grouping divides mechanisms into planar and
spatial categories. The two groups have many things in common; ““'the criterion which
distinguishes the groups,however,is to be found in the characteristics of the motions of
the links.

A planar mechanism is one in which all particles describe plane curves in space and
all these curves lic in parallel planes;i.e. the loci of all points are plane curves parallel to
a single common plane. "*' This characteristic makes it possible to represent the locus of
any chosen point of a planar mechanism in its true size and shape on a single drawing or
figure. The motion transformation of any such mechanism is called coplanar. The plane
four-bar linkage, the plate cam and driven parts, and the slider-crank mechanism are
familiar examples of planar mechanism. The vast majority of mechanism in use today is

planar. The following Fig. 3-1 is cam mechanism.
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A cam is a machine component that drives a follower through a specified motion. By the
proper design of a cam,any desired motion to a machine component can be obtained. As such,
cams are widely used in almost all machinery. They include internal combustion engines, a
variety of machine tools and compressors. In general,a cam can be designed in two ways.

(1) The profile of a cam is so designed to give a desired motion to the follower.

(2)To choose a suitable profile to ensure a satisfactory performance for the
follower.

A rotary cam is a part on a machine, which changes cylindrical motion to straight-
line motion. The purpose of a cam is to transmit various kinds of motion to other parts of
a machine.

Practically every cam must be designed and manufactured to fit special requirements.
Though each cam appears to be quite different from the other,all of them work in similar
ways. In each case,as the cam is rotated or turned.another part is connected with the
cam,called a follower,is moved ecither right or left,up and down, or in and out. The
follower is usually connected to other parts on the machine to accomplish the desired
action. If the follower loses contact with the cam,it will fail to work.

Cams are classified according to their basic shapes. Fig.3-1 illustrates four different
types of cams.

(1)Disc cam.

(2)Translation cam.

(3)Cylindrical cam.

(4)Face cam.

Guide
Roller follower

Cam profile
Cam shaft
(a)Disc cam (b)Translation cam
Roller
follower
Cam profile
Cylinder
Face cam

(c)Cylindrical cam (d)Face cam

Fig.3-1 Types of cams
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Planar mechanisms utilizing only lower pairs are called planar linkages; they may
include only revolute and sliding pairs. Although a planar pair might theoretically be
included, this would impose no constraint and thus be equivalent to an opening in the
kinematics chain. Planar motion also requires that axes of all prismatic pairs and all

revolute axes be vertical to the plane motion.

New Words & Expressions

motion pairs iz 3/ categorize /'keetigoraiz/ v. 432
disposition /dispa'zifon/ n. Bt & planar /'pleina/ adj. “FTAY, FIH¥
machine frame HLZ8 spatial /'speifal/ adj. ZS[A]H)

coordinate /kou'odneit/ n. ARFR category /'keetigori/ n. FhiZ&

motivity member J§5h{} loci /'lousai/ n. (locus By & EI ) S 1
driven member M 314 L= R

parameter /pa'reemito/ n. AL sliding pairs # 3l

free degree H

Complex Sentence Analysis

[1]The motion specific property of mechanism chiefly depends on the relative size
between the component, and the character of motion pairs, as well as the mutual
disposition method, etc. HL4 11z 20 41 5 2B T8 14 18] 59 A0 X ROSF L3z 3l &l iy 4 5T L
S HCE T A

(specific property: $5 .

@as well as: ANfH -weeee i H s Flleeeee—AF s F 0, RORE I BIFHI LR

[2]...the criterion which distinguishes the groups, however, is to be found in the
characteristics of the motions of the links. #ATM . X 4> AR METE T 3% 4T 18 3 19 7 1

@Owhich ;5| G B 1 52 1 I A) L &M criterion,

@to be found: A E XA B EhIE

@links: JEFF2 & .

[3]This characteristic makes it possible to represent the locus of any chosen point of a
planar mechanism in its true size and shape on a single drawing or figure. 7 T X — 45 55, 5L e
g TE B U 5B s LASE B 19 ROSE A ROk 22 1 1 T HLAS (94 2 1 4 s ) B

(Dmake it possible: fii«----: Al HE.,

@represent: {4, JRFL .
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@ planar mechanism : VAL .
@in size and shape: ££ K/NFITEAR 718 .

Exercises

I . Translate the following into Chinese or English.
.motion pairs

B MR R

1

2

3.planar mechanism
4. AL
5.translation cam
6

7

8

9

BRI F
.plane four bar linkage

AU A

.machine frame

10. A AL
. Mark the following statements with True(T) or False(F) according to the text.

( )1.A mechanism is the components combination of more than two or two

connections with the components to realize the regulation motion made up by way of the

activity.

( )2.Mechanisms may be categorized in several different ways to emphasize their
similarities.

( )3. A planar mechanism is one in which all particles describe plane curves in

space and all these curves lie in parallel places;i.e. the loci of all points are plane curves
parallel to a single common plane.

( )4. A rotary cam is a part on a machine, which changes cylindrical motion to
straight-line motion.

( )5. Planar mechanisms utilizing only higher pairs are called planar linkages;
they may include only revolute and sliding pairs.

II. Fill in the blanks with the suitable words or phrases given below,

depends on is used to as well as
it is necessary to being compelled to
The motion specific property of mechanism chiefly 1 the relative size

between the component, and the character of motion pairs, 2 the mutual
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disposition method,etc. The component 3 support the component of motion in
the mechanism to be called the machine frame and used as the reference coordinate to
study the motion system. The component that possesses the independence motion is called
motivity component. The component except machine frame and motivity component
4 move in the mechanism is called driven component. The independent
parameter(coordinate number) essential for description or definite mechanism motion is
called the free degree of mechanism. For gaining the definite relative motion between
the components of mechanism, 5 make the number of motivity components of
mechanism equal the number of free degrees.
V. Translate the Chinese parts given in the brackets into English.
1. All motion pairs contacting with planes (FRMAKHE]D and
U S s 2 k32 s El)D are called high pairs.

2. This characteristic makes it possible to represent the locus of any chosen point of a

planar mechanism (TEBAEIE S E 4 L,
PLSEBR I RO FIE AR
3. GE 15 24 59 ™ 58 45 #5231 » any desired motion to a

machine component can be obtained.

4. Practically every cam must be (L IiE &
o E 7 EOR BRI )

5.Cams are classified (Fe e EATZ R .
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Unit 4
Optimal Design

Text

The integration of optimization techniques with finite element analysis(FEA) and
computer aided design(CAD) is having pronounced effects on the product design process.
“This integration has the power to reduce design costs by shifting the burden from the
engineer to the computer. Furthermore, the mathematical rigor of a properly implemented
optimization tool can add confidence to the design process. Generally, an optimization
method controls a series of applications,including CAD software as well as FEA automatic solid
mesh and analysis processors. This combination allows for shape optimizations on CAD
parts or assemblies under a wide range of physical scenarios including mechanical and
thermal effects.

Modern optimization methods perform shape optimizations on components generated
within a choice of CAD packages. Ideally, there is seamless data exchange via direct memory
transfer between the CAD and FEA applications without the need for file translation.
Furthermore,if associativity between the CAD and FEA software exists, any changes made in
the CAD geometry are immediately reflected in the FEA model. In the approach taken by
ALGOR,the design optimization process begins before the FEA model is generated. The user

simply selects which dimension in the CAD model needs to be — .
optimized and the design criterion, which may include ’

maximum stresses, temperatures or frequencies. The analysis Preprocessing
process appropriate for the design criteria is then performed. FE preprocessor || Optimization
. ) ) preprocessor
The results of the analysis are compared with the design r r
Y Y

criterion, and, if necessary without any human intervention, —
Optimization loop

the CAD geometry is updated. */Care is taken such that the | FE solver

FEA model is also updated using the principle of Y

| Optimization module

associativity, which implies that constraints and loads are

preserved from the prior analysis. The new FEA model,
including a new high-quality solid mesh.is now analyzed,and

the results are again compared with the design criterion. This

) ) ) o ] o Fig.4-1 Procedure of
process is repeated until the design criterion is satisfied. S
shape optimization

Fig.4-1 shows the procedure of shape optimization.



e 20 - Part 1 Foundation of Mechanics

1. Introduction

The typical design process involves iterations during which the geometry of the part(s)
isCare) altered. In general,each iteration also involves some form of analysis in order to
obtain viable engineering results. Optimal designs may require a large number of such
iterations, each of which is costly, especially if one considers the value of an engineer’s
time. The principle behind design optimization applications is to relieve the engineer of
the laborious task by automatically conducting these iterations. At first glance, it may
appear that design optimization is a means to replace the engineer and his or her expertise
from the design loop. This is certainly not the case because any design optimization
application cannot infer what should be optimized,and what are the design variables, the
quantities or parameters that can be changed in order to achieve an optimum design.
Thus,design optimization applications are simply another tool available to the engineer.
The usefulness of this tool is gauged by its ability to efficiently identify the optimum.

Design optimization applications tend to be numerically intensive because they must
still perform the geometrical and analysis iterations. "*) Fortunately, most design optimization
problems can be cast as a mathematical optimization problem for which there exist many
efficient solution methods. The drawback to having many methods is that there usually
exists an optimum mathematical optimization method for a given problem. This
complexity should be remedied by the design optimization application by giving the
engineer not only a choice of methods,but also a suggestion as to which approach is most
appropriate for his or her design problem.

In this unit,we focus on the design optimization of mechanical parts or assemblies.
In this case, a typical optimized quantity is the maximum stress experienced. Typical
design variables include geometric quantities,such as the thickness of a particular part.
The design of the part or assembly is initiated within a CAD software application. If the
component warrants an engineering analysis, the engineer will generally opt to apply
finite element analysis(FEA) in order to model or simulate its mechanical behavior. The
FEA results, such as the maximum stress, can be used to ascertain the validity of the
design. During the design process,the engineer may alter parameters or characteristics of
the CAD and/or FEA models,including some of the physical dimensions,the material or
how the part or assembly is loaded or constrained. Associativity between the CAD and
FEA software should allow the engineer to alter the model in either application,and have
the other automatically reflect these changes. For example,if the thickness of a part is
changed or a hole is added in the CAD software, the FEA model’s mesh should
automatically reflect those changes. Under most circumstances, engineers will employ
linear static FEA to obtain the stresses. This analysis approach has the benefit of yielding
a solution for FEA models with many elements in relatively little time. Obviously,linear
static FEA has drawbacks as well. For example,significant engineering expertise may be

required when estimating the magnitude and direction of loads that are a consequence of
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motion.

2. Background and Theory

In this section, we focus on the theory underlying some of the mathematical methods
employed by design optimization procedures. But,first we describe how the optimization
problem arises. Consider a three-step process:

(1)Generation of geometry of part or assembly in CAD.

(2)Creation of FEA model of part or assembly.

(3)Evaluation of results of FEA models.

For now,we limit ourselves to the case of linear static FEA. Therefore, the results
are comprised of deflections and stresses at one instance. The manual design process
involves all three steps, with the results being used to evaluate whether the design is
appropriate. If the design is found inadequate, changes are made to steps(1) or(2) or
both. It is clear from this description that the output of the FEA results is what should be
optimized,and that any input to the CAD or FEA models can be viewed as a design
variable. A design optimization algorithm conducts many FEA runs, each one with a
different set of values for the design parameters. Before the manual design approach can
be transformed into a design optimization algorithm,there must be associativity between
the CAD and FEA applications. The rational behind this requirement is best explained
using an example. Consider the initial design stage when the engineer applies constraints
on a particular surface of the FEA model; it can be safely assumed that this surface
coincides with a surface in the CAD model. Now,if the design optimization algorithm
decides to alter the geometry of the CAD surface,then the FEA model must automatically
reflect these changes,and apply the constraints on the new representation of this surface.
Thus,associativity is required in order to achieve this automatic communication between
the CAD and FEA models. Having defined the design optimization problem for
mechanical systems,we now describe the mathematics used to solve these problems.

Most optimization problems are made up of three basic components.

(1) An objective function which we want to minimize(or maximize). For instance,in
designing an automobile panel, we might want to minimize the stress in a particular
region.

(2)A set of design variables that affect the value of the objective function. In the
automobile panel design problem,the variables used define the geometry and material of
the panel.

(3) A set of constraints that allow the design variables to have certain values but
exclude others. In the automobile panel design problem,we would probably want to limit
its weight.

It is possible to develop an optimization problem without constraints. Some may
argue that almost all problems have some form of constraints. For instance,the thickness

of the automobile panel cannot be negative. Although in practice, answers that make
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good sense in terms of the underlying physics, such as a positive thickness,can often be
obtained without enforcing constraints on the design variables.

3. Benefits and Drawbacks

The elimination or reduction of repetitive manual tasks has been the impetus behind
many software applications. Automatic design optimization is one of the latest
applications used to reduce man-hours at the expense of possibly increasing the
computational effort. It is even possible that an automatic design optimization scheme
may actually require less computational effort than a manual approach. This is because
the mathematical rigor on which these schemes are based may be more efficient than a
human-based solution. Of course, these schemes do not replace human intuition, which
can occasionally significantly shorten the design cycle. "'One definite advantage of
automated methods over manual approaches is that software applications,if implemented
correctly,should consider all viable possibilities. That is, no variable combination of the

design parameters is left unconsidered. Thus,designs obtained using design optimization

software should be accurate to within the resolution of the overall method.

New Words & Expressions

optimization /optimai'zeifon/ n. HF1k .,
A

finite element analysis(FEA) 4 BR ¢/ Hr
computer aided design(CAD) i1 & #l %
B it

burden /'baidn/ n. (X% .G WEME
rigor /'riga/ n. JUA% TR OKG

mesh /mef/ n. WAL, P&, FARY)
scenario /si'nawriou/ n. (FRKFE)IEM
seamless /'siimlis/ adj. JCEEM)

criterion /krai'tiorion/ n. FR{E . AEN], HLG
geometry /dzi'omitri/ n. JLff 2, JLA &
B OBAR 5 %6 B

iteration /iito'reifon/ n. &, X &
variable /'veoriobl/ n. 28, AJAE YY)

adj. WJ7AZ [ AZ Y

gauge /geid3/ v. FIWr, W, WE . 0 &
intensive /in'tensiv/ adj. SRALE), IR A
cast /kast/ v. JRCAM);;IHE

warrant /'womront/ v. {33, A%

linear /'linio/ adj. ZMEM), L0, HLW)
yield /jild/ v. 7=, = A R 45T
expertise /iekspo:'tizz/ n. E[THH. &[]
HoR

underlying /iando'laiin/ adj. & &l f; 4R
AW 5 75T T Y

assembly /o'sembli/ n. 24 CH5) 1. Bl
function /'fagkfeon/ n. PREL

impetus /'impitos/ n. #E3h 7. {24k
scheme /skim/ n. %], 7%
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Complex Sentence Analysis

[1]This integration has the power to reduce design costs by shifting the burden from
the engineer to the computer. XFA] G TA/EAE S5 I TR I 52 45 7 5 0L DT 1T LA B AR
BT .

(Dpower: fig 77, has the power to ¥ R “REMWE”,

@ ...shifting the burden from the engineer to the computer: -+~ JE AT 55 M T2 I 5% F8
@itsal.

[2]Care is taken such that the FEA model is also updated using the principle of
associativity, which implies that constraints and loads are preserved from the prior
analysis. 675 T 208 F OCTHR A4 S5 i FEA B AU 75 21 57, 3 gl 2 R A5 8 DA T A9 23 A v £
F 20 RN

DX A4 A1) 4R %, such that 5] FAR1E AT,

@which . 5| T AF BR A 14 52 185 I A which A0 A T A A1

[3]Fortunately, most design optimization problems can be cast as a mathematical
optimization problem for which there exist many efficient solution methods. {H5 K=MK
I RZBARA BT 1R RE a] LT R 20 10 e TR) AL i 50~ 100 ke R) A AE AT 1/F 25 1 00 Y 5K it
ik

Dbe cast as: fEHAL T “FBZE".

@for which.... /i + which 5|5 # % 18 I A& 4 H {17 A9 problem.,

[ 4 ]One definite advantage of automated methods over manual approaches is that software
applications,if implemented correctly,should consider all variable possibilities. — /> B i i¥)
R QR A N AE A A T AT LR — DD AT AT R AT REME S SRR .

(Dadvantage... over...; e« FH B B AIG sE ,

@that. 5| $:F1E M 4], HA if implemented correctly & — 46 A1E .

Exercises

I . Translate the following into Chinese or English.

.finite element analysis

AR B

1

2

3.seamless data exchange via
4 AL
5
6
7

.design criterion
5 IV

.human intervention
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WET SRS
9. mechanical behavior

10. F #r pRi £L
1. Mark the following statements with True(T) or False(F) according to the text.

( )1.The integration of optimization techniques with finite element analysis
(FEA) and computer aided design (CAD) is having pronounced effects on the product
design process.

( )2.Modern optimization methods perform shape optimizations on components
generated within a choice of CAD packages.

( ) 3. Ideally, there is scamless data exchange via indirect memory transfer between the
CAD and FEA applications without the need for file translation.

( )4.The typical design process involves iterations during which the geometry of
the part(s) is(are) altered.

( )5. Most optimization problems are made up of five basic components.

IT. Fill in the blanks with the suitable words or phrases given below.

in order to In general At first glance

an optimum design a large number of

The typical design process involves iterations during which the geometry of the part(s) is
(are) altered. 1 ,each iteration also involves some form of analysis 2
obtain viable engineering results. Optimal designs may require 3 such iterations,
each of which is costly, especially if one considers the value of an engineer’s time. The
principle behind design optimization applications is to relieve the engineer of the
laborious task by automatically conducting these iterations. 4 ,it may appear that
design optimization is a means to replace the engineer and his or her expertise from the
design loop. This is certainly not the case because any design optimization application
cannot infer what should be optimized,and what are the design variables, the quantities
or parameters that can be changed in order to achieve 5 . Thus, design
optimization applications are simply another tool available to the engineer. The
usefulness of this tool is gauged by its ability to efficiently identify the optimum.

IV. Translate the Chinese parts given in the brackets into English.
1. This integration has the power to (BEAK B it B AS) by shifting

the burden from the engineer to the computer.

2. Furthermore,the mathematical rigor of a properly implemented optimization tool
can (R m Bt FE A ] HEED

3.If associativity between the CAD and FEA software exists,any changes made in
the CAD geometry are (37 BPAE FEA BRI R
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4.Fortunately, most design optimization problems can be cast as a mathematical

optimization problem for which there exist (L5
B Ip ik

5.1t is possible to develop an optimization problem without constraints. Some may
argue that CJL-F pe A ) 35 g 2 A7 5 A g

ENEST R
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Unit §

Engineering Drawing

Text

1. Coordinate System

The basic of all input AutoCAD is the Cartesian coordinate system,and the various
methods of input(absolute or relative) rely on this system. In addition, AutoCAD has two
internal coordinate systems to help you keep track of where you are in a drawing: the
world coordinate system(WCS) and the user coordinate system(UCS).

The fixed Cartesian coordinate system locates all points on an AutoCAD drawing by
defining a series of positive and negative axes to locate positions in space. Fig.5-1(a) illustrates
the axis for two-dimension (2D) drawing. There is a permanent origin point(0,0) which is
referenced,an x axis running horizontally in a positive and negative direction from the origin,
and a y axis traveling perpendicularly in a vertical direction. ""'When a point is located, it is
based on the origin point unless you are working in the three dimensions,in which case, you will
have a third axis,called the z axis(Fig.5-1(b)).

(a) (b)
Fig.5-1 The coordinate system

2. Types of Views

There are many view types which may be shown,as illustrated in Fig.5-2.

(1)General view. Any view which is oriented by the user and is not dependent upon
any other view for its orientation.

(2)Section view. Display a cross-section for a particular view.

(3)Auxiliary view. Any view created by projecting 90° to an inclined surface,datum
plane,or along an axis.

(4)Projection view. An orthographic projection of an object as seen from the front,
top,right side,etc.
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(5)Detailed view. Any view which is derived by taking a portion of an existing view
and scaling it for dimensioning and clarification purposes.

%
4

Auxiliary view

SEE DETAILA U
General view Section view

N

)
N

&

DETAIL 4
L SCALE 2.000
Projection view Detailed view

(a)The five main types of views

0

:;'_I

Broken view Partial view

©

General view Half view

(b)Some other commonly used views
Fig.5-2 Types of views

(6)Broken view. Used on large objects to remove a section between two points and
move the remaining sections close together.

(7) Partial view. When a symmetrical object is drafted, two views are sufficient to
represent it(typically,one view is omitted). A partial view can be used to substitute one
of the two views. "“/Sectional and auxiliary views are also commonly used to present part
detail. Sectional views are extremely useful in displaying the detailed design of a
complicated internal configuration. If the section is symmetrical around a centerline,only
the upper half needs to be shown. The lower half is typically shown only in outline.

Casting designers often employ sectional views to explode detail. When a major surface is
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inclined to three projection planes, only a distorted picture can be seen. An auxiliary
plane that is parallel to the major surface can be used to display an undistorted view.
Study assembly constrains of describing mate,orient and insert assembly constrains,

see Fig.5-3.

Points to hidden
flat surface

Insert

Orient
to make
daturn

Bracket Bushing

Fig.5-3 Constrain for assembly the bracket and bushing parts

(8)Full view. Show the entire model.

(9)Half view. Show only the portion of the model on one side of a datum plane.

(10)Exploded view. The exploded view is a type of pictorial drawing designed to
show several parts in their proper location prior to assembly,see Fig.5-4. Although the
exploded view is not used as the working drawing for the machinist, it has an important
place in mechanical technology. Exploded views appear extensively in manuals and

handbooks that are used for repair and assembly of machines and other mechanisms.

Brush cap& AN
Washer
Brush with spring

8 Logo plate

Chuck
Chuck spacer| Chuck key

Ball bearing Screw
Roller bearing
Intermediate gear

Needle bearing

Handle
Bearing plate
Gear housing
Spindle with gear
Washer

Roller bearing

Screw

Screws
Fig.5-4 Exploded view

3. Multiview Drawing
Engineering drawing is an abstract universal language used to represent a designer’s

idea to others. It is the most accepted medium of communication in all phases of
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industrial and engineering work.

In today’s modern manufacturing industry,several types of drawing are acceptable.
However, the standard is the multiview drawing, see Fig.5-5. A multiview drawing
usually contains two or three views(front.top,and side). Each view is an orthographic
projection of a plane. In the United States and Canada, the third-angle projection is the
system used,see Fig.5-6. In the figure,the four quadrants of the x-z plane(called the [,
II. M,and IV angles) are illustrated. "*'For the third-angle projection,we always place the
object in the third quadrant and project the object in three planes. This is done by
projecting the object onto the frontal, horizontal, and profile planes. The projection on
the frontal plane(x-z) is fixed and the image is called the front view. With the projected
image,the horizontal plane(x-y) is rotated 90° clockwise on the x axis,the result is a top
view of the object. The profile plane(y-z) is rotated 90° clockwise about the z axis to

obtain a right-hand side view. Hidden lines are shown by using dashed lines on the drawing.

+0.001
¢4 0.001

/4®(+0.001® [4] B@M)|

.—J ‘
N = 2
"
) )
+0.001
5 0.001
+0.001
9.5 0001 |
+0.001
. 14 “5001 .
+0.001
19 0.001
\
1=
T == - B Bl
: ; : ?i : 1 :
] ! | fael | ) % ]

Fig.5-5 Multiview drawing of a bracket

Top

1
Front J_ - ‘J: Back

Fig.5-6 Third-angle projection
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New Words & Expressions

coordinate system Ak pR &

Cartesian coordinate system # /K AL R &
keep track of BRELE N T

world coordinate system(WCS) i 5 Ak
bR £

user coordinate system(UCS) F F' A 45 &
axis /'eeksis/ n. #h

perpendicularly / pa:pen'dikjulali/ adv.
T b

projection /pra'dzekfon/ n.
orthographic projection iF 3% 5%
auxiliary /o:g'ziljeri/ adj. HiBIH)

datum plane FEv

orientation /orien'teifon/ n. SEA

revolve /ri'volv/ v. gk

Complex Sentence Analysis

planar /'pleina/ adj. V1), 4k
exploded view 4 it 1L 1]

pictorial /pik'torrial/ adj. K~
partial view J& i &l

symmetrical /si'metrikal/ adj. X} FRAHY
configuration /kenfigju'reifon/ n. i ;
fic &

mate /meit/ v. B4 ; %

align /o'lain/ v. Xf3%

assembly constrain %% i ) i
third-angle projection %5 = f#
quadrant /'kwodront/ n. ZKR . UYL
profile plane I [

dashed line HZ£k

[1JWhen a point is located,it is based on the origin point unless you are working in

the three dimensions,in which case,you will have a third axis,called the z axis. g Jf 5
(0,00 XF HAAT: B — > 08 A7 fH 2 7 = 4E 28 (8] by I’TIE, 3% B 58 = h i AR

z 8,
Dunless: 5| F il 25 R8I AT

@in...case: fE -+ &8 F »which 818 you are working in the three dimensions,

[2]Sectional and auxiliary views are also commonly used to present part detail.

LAl B AL P 28 T T R 1 B SR R A 1Y

be used to do: A A -+ . IEBE X /0% 15 5 be used to doing [Y X 5], be used to

doing F&/n > WHMH 5,

[3]For the third-angle projection, we always place the object in the third quadrant
and project the object in three planes. X 755 = M2 KUk, BOEWE W I HAESS =B, 4]

IR PR B 3 =T L
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Exercises

I . Translate the following into Chinese or English.

1.engineering drawing

2. bR &

3.world coordinate system
A AR bR R
5.orthographic projection
6. L of:

7.exploded view

8. R AL IA

9. third-angle projection
10 i v

1. Mark the following statements with True(T) or False(F) according to the text.

( )1. AutoCAD has two internal coordinate systems to help you keep track of
where you are in a drawing:the word coordinate system (WCS) and the user coordinate
system(UCS) .

( )2. When half view is adopted,it shows the entire model on one side of a datum
plane.
( )3.The exploded view has a very important place in mechanical technology and

it is frequently used as the working drawing for the machinist.

( )4.Exploded views appear extensively in manuals and handbooks that are used
for repair and assembly of machines and other mechanisms.

( )5.1In today’s modern manufacturing industry, several types of drawing are
acceptable. However,the standard is the third-angle projection.

II. Fill in the blanks with the suitable words or phrases given below.

is parallel to auxiliary drafted
internal configuration extremely sufficient
When a symmetrical object is 1 ,two views are 2 to represent it

(typically,one view is omitted). A partial view can be used to substitute one of the two

views. Sectional and 3 views are also commonly used to present part detail.
Sectional views are 4 useful in displaying the detailed design of a complicated
5 . If the section is symmetrical around a centerline,only the upper half needs to

be shown. The lower half is typically shown only in outline. Casting designers often

employ sectional views to explode detail. When a major surface is inclined to three
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projection planes,only a distorted picture can be seen. An auxiliary plane that 6
the major surface can be used to display an undistorted view.
IV. Translate the Chinese parts given in the brackets into English.

1. The basic of all input AutoCAD is CH R BR £

and the various methods of input(absolute or relative) rely on this system.

2.The fixed Cartesian coordinate system locates all points on an AutoCAD drawing
Gif 3 2 SC— F 9 25 1) 36 5 7 B 09 1 G D

3. A point in space can be located based on the origin point unless (1
=4z P A

4.Detailed view means taking a portion of an existing view and scaling it
Ch T FpiE RSF R W EE D
5.Engineering drawing is the most accepted medium of communication in

(kA TR B &A1)
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Unit 6

Dimensional Tolerances and Surface Roughness

Text

Because of the highly competitive nature of most manufacturing businesses,the topic
of finding ways to reduce cost is ever present. A good starting point for cost reduction is
in the design of product. The design engineer should always keep in mind the possible
alternatives available to him in design. It is often impossible to determine the best
alternatives without a careful analysis of the probable production cost. Designing for
function,interchangeability,quality,and economy requires a careful study of tolerances,
surface finishes, processes, materials,and equipment.

To assure sound and economical design from a producibility standpoint, careful
consideration of the following general design rules, both separately and together,is of
paramount importance. The order of importance may vary according to design
requirements or factors,but the overall importance always remains the same.

(1)Seek simplicity. Design for maximum simplicity in functional and physical
characteristics.

(2)Determine the best production method. Seek the help of a production engineer to
design for the most economical production methods.

(3)Analyze materials. Select materials that will lend themselves to low-cost
production as well as to meeting design requirements.

(4)Eliminate fixturing and handling problems. Design for ease of locating, setting
up,and holding parts.

(5) Adopt maximum acceptable tolerances and finishes. "' Specify surface roughness
and accuracy no greater than that which is commensurate with the type of part or
mechanism being designed,and the production method or methods contemplated.

Tolerances on finishes and dimensions play an important role in the final achievement or
absence of practical production design. A comprehensive study of the principles of
interchangeability is essential for a thorough understanding and full appreciation of low-
cost production techniques. Interchangeability is the key to successful production
regardless of quantity. Details of all parts should be surveyed carefully to assure not only
inexpensive processing but also rapid and easy assembly and maintenance. "*'It must be

remembered that each production method has a well-established level of precision which
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can be maintained in continuous production without exceeding normal basic cost.

Economic manufacturing does not “just happen”. It starts with design and considers
practical limits of machine tools, processes, tolerances, and finishes. '*'Neither
dimensional tolerances nor surface roughnesses should be specified to limits of accuracy
closer than those which the actual function or design necessitate. This is done to assure
the advantages of lowest possible cost and fastest possible production.

Without needing to know how to operate a particular machine to attain the desired
surface roughness degree,there are certain aspects of all these methods which should be
understood by the design engineer. Knowledge of such facts as roughness degree obtained
by any operation,and the economics of attaining a smoother surface with each operation,
will aid him in deciding just which surface roughness to specify.

Because of its simplicity, the arithmetical average Ra has been adopted internationally
and is widely used. The applications of surface roughness Ra are described in the following
paragraphs.

(1)0.2 pm. The finish is used for the interior surface of hydraulic struts, for hydraulic
cylinders, pistons and piston rods, for O-ring packings, for journals operating in plain bearing.,
for cam faces,and for roils of antifriction bearings when loads are normal.

(2)0.4 pm. The finish is used for rapidly rotating shaft bearings,for heavily loaded
bearings,for roils in bearings of ordinary commercial grades, for hydraulic applications,
for static sealing rings,for the bottom of sealing-ring grooves, for journals operating in
plain beings.and for extreme tension component.

(3)0.8 pm. The finish is normally found on parts subject to stress concentrations and
vibrations, for broached holes,gear teeth,and other precision machined parts.

(4)1.6 pm. This finish is suitable for ordinary bearings,for ordinary machine parts
where fairly close dimensional tolerances must be held,and for highly stressed parts that
are not subject to severe stress reversals.

(5)3.2 pm. The finish should not be used on sliding surfaces, but can be used for
rough bearing surface where loads are light and infrequent, or for moderately stressed
machine parts.

(6)6.3 um. The appearance of this finish is not objectionable, and can be used on

non-critical component surface,and for mounting surfaces for brackets,etc.

New Words & Expressions

dimensional tolerance J =}/ interchangeability /'intot[eindzo'biliti/
surface roughness 2 [ HLHE & n. R, BRI

cost reduction %A FEAK surface finish % i &b 7
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paramount /'peeremaunt/ adj. %k E ] cylinder /'silinds/ n. VRGT, BAEIRY)
commensurate /ko'menforit/ adj. [F] & Y., piston /'piston/ n. i %€

MFRAY antifriction / eenti'frikfon/ n. Ji BE %5 &,
contemplate /'kontempleit/ v. T 1 ¥ 5

comprehensive /kompri'hensiv/ adj. J~ antifriction bearing V& 3l 7K

IR LA shaft bearing #l &

appreciation /ojprifi'eifon/ n. IE #f BF stress reversal W 77 % [7]

i, %R bearing surface 7% JE [ , 37 44
maintenance /'meintinens/ n. #E¥F. {555 mounting /'mauntin/ n. K&, 642
hydraulic /hai'drolik/ adj. /K8 E R

Complex Sentence Analysis

[1]Specify surface roughness and accuracy no greater than that which is
commensurate with the type of part or mechanism being designed, and the production
method or methods contemplated. 78 & Z 4 1) & THDHLRS B2 AR RS BE B, R R % 6 24
BCE UG BB DL BORE R B0 28 7 5 2 4 e e A K

(Dthat: #84t surface roughness and accuracy.,

@be commensurate with: &“tH#R. [FE"A = L.

®contemplated : 4318 )5 B & 1 &M B 1 7Y production method or methods.,

[2]1t must be remembered that each production method has a well-established level
of precision which can be maintained in continuous production without exceeding normal
basic cost. X it 25T IC A A Al T 05 ¥R H AT — 38 24 RS BE 45 9, LU AR AIE TE T H A JE A
A B N ES T,

@it 2B X 1 . that 51 5] 509 W A) 2 EIER ik .

@which: 5] T BR M E W) B Je 1710 level

[3]Neither dimensional tolerances nor surface roughnesses should be specified to

limits of accuracy closer than those which the actual function or design necessitate. X F

A 7 V3 THKEL R 2 #R AN 2% 4 PR 7 552 PR D) RE B B0 T B B AN SRER

Exercises

I . Translate the following into Chinese or English.

1.dimensional tolerance
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R THHLRE JEE

. cost reduction

B SR

2
3
4
5.the principles of interchangeability
6. 2 HF L™
7
8
9

.antifriction bearing
WVIE L

.stress reversal

10. 7&K R T » S FE T
. Mark the following statements with True(T) or False(F) according to the text.

( )1. It is often impossible to determine the best alternatives without a careful
analysis of the probable production cost.

( )2. When engineers design parts or mechanisms, they should seek simplicity in
functional and physical characteristics.

( )3.0.8 pm surface roughness is normally used on parts subject to stress concentrations
and vibrations,for broached holes, gear teeth,and other precision machined parts.

( )4.1.6 pm surface roughness should not be used on sliding surfaces,but can be
used for rough bearing surface where loads are light and infrequent, or for moderately
stressed machine parts.

( )5.6.3 pm surface roughness is objectionable,and can be used on non-critical
component surface,and for mounting surfaces for brackets,etc.

I[. Fill in the blanks with the suitable words or phrases given below,

regardless of appreciation maintenance
continuous well-established comprehensive
A 1 study of the principles of interchangeability is essential for a thorough
understanding and full 2 of low-cost production techniques. Interchangeability is
the key to successful production 3 quantity. Details of all parts should be
surveyed carefully to assure not only inexpensive processing but also rapid and easy
assembly and 4 . It must be remembered that each production method has a
5 level of precision which can be maintained in 6 production without

exceeding normal basic cost.
IV. Translate the Chinese parts given in the brackets into English.

1. Because of (R Z B0 1 Aol B & B s 4 g 2L ) L the
topic of finding ways to reduce cost is ever present.

2. The design engineer should always keep in mind (AT RE A 16 $5)

to him in making his design.
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3. (FeTm 40 B AR SF 2N 2%) play an important role in the

final achievement or absence of practical production design.

4. While designing,the engineer is expected to eliminate (FHES5
PRAER D .

5.3.2 pm surface roughness should not be used on sliding surfaces, but can be used

for rough bearing surface where loads are light and infrequent,or

Gk B3 B2 B AL Z A




