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Lesson 1 Introduction to Mechanical Design

111 Text

“]Machinery design is either to formulate an engineering plan for the satisfaction of a
specified need or to solve an engineering problem. It involves a range of disciplines in materials,
mechanics, heat, flow, control, electronics and production.

Machinery design may be simple or enormously complex, easy or difficult, mathematical or
nonmathematical, it may involve a trivial problem or one of great importance. Good design is the
orderly and interesting arrangement of an idea to provide certain results or effects. A
well-designed product is functional, efficient, and dependable. Such a product is less expensive
than a similar poorly designed product that does not function properly and must constantly be
repaired.

People who perform the various functions of machinery design are typically called industrial
designers. He or she must first carefully define the problem, using an engineering approach, to
ensure that any proposed solution will solve problem. @It is important that the designer begins by
identifying exactly some satisfactory solutions, and to distinguish between them in order to
identify the best. So, industrial designers must have creative imagination, knowledge of
engineering, production techniques, tools, machines, and materials to design a new product for
manufacture, or to improve an existing product.

In the modem industrialized world, the wealth and living standards of a nation are closely
linked with their capabilities to design and manufacture engineering products. It can be claimed
that the advancement of machinery design and manufacturing can remarkably promote the
overall level of a country’s industrialization. Our country is playing a more and more vital role in
the global manufacturing industry. To accelerate such an industrializing process, highly skilled
design engineers having extensive knowledge and expertise are needed.

Machinery Components

The major part of a-machine is the mechanical system. PJAnd the mechanical system is
decomposed into mechanisms, which can be further decomposed into mechanical compbnents. In
this sense, the mechanical components are the fundamental elements of machinery. On the whole,
mechanical components can be classified as universal and special components. Bolts, gear, and
chains are the typical examples of the universal compon%nts, which can be used extensively in
different machines across various industrial sectors. Turbine blades, crankshaft and aircraft
propeller are the examples of the special components, which are designed for some specific
purposes.
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Mechanical Design Process

Product design requires much research and development. Many concepts of an idea must be
studied, tried, refined, and then either used or discarded. Although the content of each
engineering problem is unique, the designers follow the similar process to solve the problems.
The complete process is often outlined as in Fig.1.1.

Recogniton of Need l
/
—_:I;Dcﬁnition of Problem ]<—
L Synthesis ?

|
ll Analysis

y

——'I Evaluation ‘P

Y
L Presentation j

Fig.1.1 Design Process Model

Recognition of Need

Sometimes, design begins when a designer recognizes a need and decides to do something
about it. The need is often not evident at all. Recognition is usually triggered by a particular
adverse circumstance or a set of random circumstances, which arise almost simultaneously.
Identification of need usually consists of an undefined and vague problem statement.

Definition of Problem

Definition of problem is necessary to fully define and understand the problem, after which it
is possible to restate the goal in a more reasonable and realistic way than the original problem
statement. Definition of the problem must include all the specifications for the thing that is to be
designed. Obvious items in the specifications are the speeds, feeds, temperature limitations,
maximum range, expected variation in the variables, and dimensional and weight limitations.

Synthesis

The synthesis is one in which as many alternative possible design approaches are sought,
usually without regard for their value or quality. This is also sometimes called the ideation and
invention step in which the largest possible number of creative solutions is generated. The
synthesis activity includes the specification of material, addition of geometric features, and

2 —e



Introduction to Mechanical Design ston 1

inclusion of greater dimensional detail to the aggregate design.

Analysis

Analysis is a method of determining or describing the nature of something by separating it
into its parts. In the process, the elements, or nature of the design, are analyzed to determine the
fit between the proposed design and the original design goals.

Evaluation

Evaluation is the final proof of a successful design and usually involves the testing of a
prototype in the laboratory. Here we wish to discover if the design really satisfies the needs.

The above description may give an erroneous impression that this process can be
accomplished in a linear fashion as listed. On the contrary, iteration is required within the entire
process, moving from any step back to any previous step.

Presentation

Communicating the design to others is the final, vital presentation step in the design process.
Basically, there are only three means of communication. These are the written, the oral, and the
graphical forms. A successful engineer will be technically competent and versatile in all three
forms of communication. The competent engineer should not be afraid of the possibility of not
succeeding in a presentation. In fact, the greatest gains are obtained by those willing to risk
defeat.

Contents of Machinery Design

Machinery design is an important technological basic course in mechanical engineering
education. Its objective is to provide the concepts, procedures, data, and decision analysis
techniques necessary to design machine elements commonly found in mechanical devices and
systems; to develop engineering students’ competence of machine design that is the primary
concern of machinery manufacturing and the key to manufacture good products.

Machinery design covers the following contents:

(1) Provides an introduction to the design process, problem formulation, safety factors.

(2) Reviews the material properties and static and dynamic loading analysis, including
‘beam, vibration and impact loading.

(3) Reviews the fundamentals of stress and defection analysis.

(4) Introduces static failure theories and fracture-mechanics analysis for static loads.

(5) Introduces fatigue-failure theory with the emphasis on stress-life approaches to
high-cycle fatigue design, which is commonly used in the design of rotation machinery.

(6) Discusses thoroughly the phenomena of wear mechanisms, surface contact stresses,
and surface fatigue,

(7) Investigates shaft design using the fatigue-analysis techniques.

(8) Discusses fluid-film and rolling-element bearing theory and application.
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(9) Gives a thorough introduction to the kinematics, design and stress analysis of spur
gears, and a simple introduction to helical, bevel, and worm gearing.

(10) Discusses spring design including helical compression, extension and torsion springs.

(11) Deals with screws and fasteners including power screw and preload fasteners.

(12) Introduces the design and specification of disk and drum clutches and brakes.

% 1.2 Words and Phrases

machinery [ma'[i:nari] n [EARIE, P

trivial ['triviel] adj. H{mby, FHE, BRREH
mechanism ['mekanizam] n. AuHg

chain [tfein] n (%), —#%%, —4%
turbine blade AT R

crankshaft [kreenk][a:ft] n. #3d

propeller [pra'pela] n fitE, i, LA, A LRk R
discard [dis'ka:d] v &5, wFE, BF

recognition [rekeg'nifean] n. %%

trigger [triga] v 71L&, 3l&, B

vague [veig] adj. ¥, TERY

synthesis ['sinBasis] n. 454~

ideation [aidi'eifen] n MEEH, THH, MSits
aggregate ['segrigit] adj. &t Ho

prototype ['prautstaip] n AL, BRE

erroneous  [i'reunjes] adj. #ixE, RERE

iteration [.ite'reifon] n RAE

competent [kompitant] adj. AN, BATH

versatile ['ve:satail] adj. BRAW, Ty, 34384

g 1.3 Complex Sentence Analysis

[1] Machinery design is either to formulate an engineering plan for the satisfaction of a
specified need or to solve an engineering problem.

@ either...or...: Foeeeerdoeeree,

@ formulate: BA#MLEL, KA.
WA TR A B i R AT SR F B4 DA % ARk Bk 6 TA2 94,

[2] It is important that the designer begins by identifying exactly some satisfactory solutions,
and to distinguish between them in order to identify the best.
ATRHA RN, —FRRRBAFE B SABT I FE, FaAnd K548
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Introduction to Mechanical Design osion 1

HB—ANRIFE, X—ERES,

[3] And the mechanical system is decomposed into mechanisms, which can be further
decomposed into mechanical components.

@ be decomposed into: #HHHEH .

@ which 3| F—AZEME), LEME P IEE, $557% 49 mechanisms.
PR B GEFT VA SRR A, ML) T A it — 3 8 A MU T4,

Bt

1.4 Exercise

et

S

I 1.4.1 Translate the following paragraphs

The practice of design can be one of the most exciting and fulfilling activities that an
engineer can undertake. There is a strong sense of satisfaction and pride in seeing the results of
one’s creative efforts emerge into actual products and processes that benefit people. To do design
well requires a number of characteristics. The design engineer should not only have adequate
technical training, but must also be a person of sound judgment and wide experience, qualities
which are usually acquired only after considerable time has been spent in actual professional
work. A start in this direction can be made with a good teacher while the student is still at the
university. However, the beginning designer must expect to get a substantial portion of this
training after leaving school through further reading and study, and especially by being
associated with other competent engineers. The more any one engineer knows about all phrases
of design, the better. Design is an exacting profession, but highly fascinating when practiced
against a broad background of knowledge.

| 1.4.2  Choose the proper answer to fill in the blank and translate the sentences

They are using a ( ) shovel to clear up the streets.

Many products are made by ( ).

There is not a ( ) who hasn’t had this problem.

Machinery design involves a range of disciplines in materials, ( ), heat, flow, control,

W N

N

electronics and production.
5. The Allies finally smashed the Nazi war ( ).

A. Machinery: #.[U] Machines or machine parts in general.
1. B8 HLAR

2. HEE

3. T

4. FIEEESHRIKE

5. TR CUEER
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B.

1.
2.
3.

C.

Mechanical: adj. of or pertaining to machines or tools.
HULMAT, AP EIZ]

LV, RARE, TREEEHH, TEIRK
MU/, 1% YERE)

Machine: . [C] A system formed and connected to alter, transmit, and direct applied

forces to accomplish a specific objective.

1.

[ I VS B S

D.

LA HUK

THENL

B BITHE; WL

*}_H:/J J%EMQE.’/\E’JV L‘%Eﬂ

PLEBABCIE TR BARIEREENA

Mechanic: 7. A worker skilled in making, using, or repairing machines.

MUk T, BHET, ¥T[C]

E.

Mechanics: n. The analysis of the action of forces on matter or material systems.

1. J1% HURZE0]

2.

BARMRIE Y FA: HI5K]



Lesson 2 Mechanisms

21 Toxt

A mechanism is the members combination more than two or two connections with the
members to realize the regulation motion made up by way of the activity. They are the
component of machinery. Activity connections between two members that have the relative
motion are called the motion pairs. All motion pairs contacts with planes are called lower pairs
and all motion pairs contacts with points or lines are called high pairs. !4The motion specific
property of mechanism chiefly depends on the relative size between the members, and the
character of motion pairs, as well as the mutual disposition method etc. The member is used to
support the members of motion in the mechanism to be called the machine frame and used as the
reference coordinate to study the motion system. The member that possesses the independence
motion is called motivity member. The member except machine frame and motivity member
being compelled to move in the mechanism is called driven member. 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 members of
mechanism, it is necessary make the number of motivity members 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, spherical, and spatial
categories. All three 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 lie in parallel planes; ie. 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.2.1 is cam mechanism.

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

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



