T4 AR

P EBMFZREAR XS bRt




B YN 15

LI CAD L) 5535

English for Mechanical CAD

o HMEE

wh ERHABOR KE H iR



nEE N
EBR-AFEGIERELBRAELRBEH L L EEHM. FHAFKALH

ZCH B CAD %l PI3 . 4 AL 10 T, AR RS CAD MZEAEEAR. F1
~3 B/ 20 CAD BoR ETE SR AR AV 1 4 5 56 4~6 BT URR L IR il T A e B g
RARLE; 5 7~10 BoniffRd ) TR B8 50 4 A E RS R 5.
B RITHECAH KRBRIEE P SCRIEF IR s XA E AN AR T SRR B,
LA A IR BRI R A FUBRIRB TS . R34 % I CAD £ k3Rl
RUBHERITER.

B HERRS B (CIP) $ii7

HUb CAD % p 3Ei8 /B K. — & N0 P EBHES AR KM AL, 2011, 8
ISBN 978-7-312-02903-5

LAl T BB I ALK B 2iE IV, H31

oh R A B H34E CIP 8dE4% 7 (2011) 55 165766 5

tH AR

21
&IT
2%
F&
BN 3%
FH#
R
Ep ik

B

I BHEBOR K Rt
Huhk - 2R B LT & 28R 96 5, 230026
R4k : http: //press. ustc. edu, cn
A AR SR FR BT A
R Bk SR A
e EHEAE

710 mm X960 mm 1/16
16

300 F

2011 F8 HF 1 R

2011 4 8 A% 1 RENKI
33. 00 jg



it

H

ABERAPMIAEL LG AFALF IR CAD BBt — A+ LEEHK
ML T A SGERER S,

AKENZHEILHEM fot LWL LRI T B CAD 4865 10 A £
R, %% 10 20, A RAAERILT I CAD A EKminfo 2 A,
FFEEAAZR G AR RBGEMFoEE ki E TAET E R EEF A

FANRAZAANTES F 1R AFT LG E. F@ABTALEAGAS
Fsmild, FL2HSAEL BRBELMPAESRETFTET., A— 3L IR
ZH T A AR, A F AR —FHERFT, EAEFTERE LiEF L
R RBRF LZFAHE KGR HEEF . FERANMEF. F3X2A8BER
NG, AR E P HAG G FAF R AR LB X S BT,
FAFHREAL] , RETELE AT B A SE4T . BFP4EET
1%,

HNEAHNBRARENBRA . RTRETHHEAN FLERBELETAE
AEFREH TR WA BRFARI S S EMAABILITAR, KRBRET
AR WEASN BT AFAFBHETZHA . FRL . FRAFLAR 35
BELRMAMEMEXBIIETAE T HAMEFKEAL CAD S 6% A
L,

AEHEKRNE O F 1 EANBIEZ T IR CADEA:F 2271
T F VAT A BH %A L L % 3 £ 004 AutoCAD 2 4] 3% #+ F -F
BHBAGH 4 FAHEFRED R RA LSRR, $ 5 LM
WA @A ERHA S 6 EANBE RGO AR AR, 57
BAGRF G TP B 5 8 #2704 IGES.STEP A€ 50 BHEXH
AR IEAHREFTRENAHETRPLM G A; % 10 2440 BILITA
¥ & Parasolid # ACIS ¥4 & NX £ 4t CAD #6455 A .

Bt B FH A K FE S8 GEHF T RIER K CAD S L 3, &
W EALHARKRF ERAST KPS %5 0 h ity 5 4,

BT S RPAHE, BB RLZ 4, $#65KE,

W &
2011 4 3 A



Contents

Unit1 The Engineering Design Process «::coreesrrerriiaiiiaiiiiiiiiiiiiiii, 1
Text 1 DESIGI  crevrrreressemmmnseeeim ettt e, 1
Text 2 The Engineering Design Process —-----reoeeermererereseanneaeeenees 4
Text 3 Collaborative Design  --ssssssssrerersserimrrsssamiariniiessines 9
Text 4 Computer Aided Design ««««reeewerreeresmmimmmmmmiiii ., 12
Translating SKills «reereeeersrrerererrmmmm 18
EEXEICISES  +eereenereesesecnsnrararuenrosuersensesensessnnssensasssssssasssansnrsons 19

Unit 2 Graphics Programming --c-ceccesssetmeeuermemeeuasarininiian, 21
Text 1 Graphics Libraries ««-ee-e-eeeesssrrmmrmmmmiomminnenie e, 21
Text 2 OpenGL and Java 3D «+oreceeeermmmmenrmiimeeeimimnieeeee 24
Text 3 VRML and X3ID reevvereeercercnrrcerersaresrnressnsnsaseasnsrsenennenees 27
Personage INtroduction «++«««=«++ssreesrrreeremnnnerserennsenrerinareeanan 30
Translating Skills «seeecccressss e 33
EEXEICISES  veeesorsensacnansusasustteenssentssusssssnsastsnsnssesiosesssenenenennans 33

Unit 3 Computer-Aided Drafting Systems -«-------rvmromeemeeaiaiin., 35
Text 1 Working with AUtOCAD revrerrerrrrmrrociriiriiiieiiiiiiaiieiiniinsa, 35
Text 2 Basic Drawing and Modification Functions s=+reseeeerseereineniae 40
Text 3 AutoLISP and Visual LISP  «eeeecrensencurarrmnsenincnecssisnsueenns 47
Translating SKIlls ««eessseessereerermmmmmuiemnntiiiiiu e 49
EEXEICISES  r+vveevrrsnsnsensnnnsenunestssussisininesossnsestsssineneieesancennonennnes 50

Unit 4 Solid Modeling Systems -++-+ce--ssseerevsrasrarerumananiriiiiinean. 51
Text 1 Solid Models and Modeling Approaches —+eseseeeeemeseenieiiainens 51
Text 2 Geometry and Topology «+««-+--ttereereesereeremmmamraaiieeiiiiiienien 56
Text 3 Basic FEAtULES retetetrertntronrreisiortmrmmasmssarararasnsssnsreneeres 59
Text 4 Feature ENtitIes ««s-rerreerersesenrirateierntetisnsensniesenenrsnenenns 63
Text 5 Parameters and DIMENSIONS ««::««sss--rreeetreeesracenaenrenarearees 70

Text 6 Relations and Constraints ............................................. 73



- i - Y% CAD %k %3E

Text 7 Boundary Representation (B-rep) — --eeeereereressmrsmememoninnn 79
Text 8 Constructive Solid Geometry (CSG) «-eveeerrnrrercrerremenneaen 84
Text 9 Fuler FOrmula «---e--c-ereeseserearaaseestiernemterererieronsersnearon 86
Translating SKills +reeeeeereresremrmnmmiian e 89
EXOICISES  ++eerrrresceetrsrensonsiomensitninsscansnssisissstanstartosionssssnsenneres 89
Unit 5 Curves and SUTTACES «-«c-vrsreraseeatmatromitrateitieierieeirerarsnsenses 92
Text 1  Freeform CULVES  crrererseecrerrrssertertnireimierisicisisernrassanes 92
TeEXt 2 SUMTACES <+ v revrereemrrrremarsstaremsaninentrrenteneisesiaeeiosiriressaans 97
Text 3  Surface Modeling «--«---s++rreressenrsnmsmummnnnssmsnumennenninnnainnns 103
Supplementary Reading ] : What is NURBS? =~ s-reeeserecesccniinininnn 114
Supplementary Reading [I : What are T-splines? = ««ceeeereeeseeeeeaeenns 117
Translating SKills  ««eeeceeesssreeerrreeermmmimiiiniaatrrererrreis s 121
FEXETCISES +++vvteeeerstnrtnnmannisresueuerstsussusrsssesarensenmencsomaseeoneeneres 121
Unit 6 Assembly Modeling --=«+-++++evrerrsnrriiaiieeermmmnminniieeaasisnieennn, 123
Text 1 Assembly Modeling «-+-+sressrerrressssssesssiisairsieseesssianenens 123
Text 2 Assembly Planning «-cceoeeeerrereeremrrommrennrinein e, 126
Text 3 Mating Conditions  -=++++++-+s+seererrrrnrsmrareeermemmmmuiiieenaenns 131
Text 4 Bottom-Up Assembly Approach -«-coreeeemreemrvnininin.. 136
Text 5 Top-Down Assembly Approach —«sersseerarmmeinmmnani.., 139
Text 6  Assembly Analysis =«c-ssereeereerereremmmminieiieeneenesrnsii, 144
Supplementary Reading: Solid Edge Large Assemblies  +c--ceccueeeneee 148
Translating SKills  ceeeessseereenssrrrrmmamrerimiiiiireeeeen e 154
EXEICISES ++vrerreerrenmmrnmmenreernrueneieeeteteinenistctenrasscresncasassosscnns 155
Unit 7 Reverse Engineering +tcececcorcrttmmmmniiiiminiiiinineireea e, 157
Text 1 Pro/ENGINEER Reverse Engineering Extension ««++«-+-+--+--. 157
Text 2 Geomagic Studio Create 3D Models from 3D Scanner Data
........................................................................... 160
Text 3 Working with the Geomagic Studio  --+-c-csrrremereraraniennis 164
Supplementary Reading:Prodrive Speeds Ferrari Wing Development
with Reverse Engineering and CFD Technologies «+++-+ssseseseesse 171
Translating SKills  «ereerreeseeee N 176

Exerci e I S, 177



Contents o i -
Unit 8 Standards for Communicating Between Systems «-ocorrereiieene. 178
Text 1 Exchange Methods of Product Definition Data «-««-ceeeeveeeeese 179
Text 2 Initial Graphics Exchange Specification --+«=--esreerreracennns 181
Text 3 Standard for Exchange of Product Data ---+----evevereerenennannes 185
Text 4 ACIS and DXF ......................................................... 187
Translating SKills  «eeresssseeerrrnnnerermermmni . 188
FEXEICISES +++reveveraraaenssanannunnnsnnsnseessrenstonsossrssssensnsnnneenssnserenes 190
Unit 9 Product Lifecycle Management - ---«---+-+eereereerenseniernneuneennnn. 191
Text 1 Why Use PLM?  cocoermtriimiiiiiiiiiiiieecniniinsss e, 191
Text 2 PLM Framework seceeetesesesrarreerietsrsraracesessssessenssensnenns 193
Text 3 Enabling Technologies of PLM  ««steerrveeteniininiin., 196
Text 4 Product Data Management .......................................... 198
Supplementary Reading: Siemens PLM Software — Teamcenter
Transforming the Process of Innovation «--++--+t-srreeereriiineanins 199
Translating SKills  ++e-essrermersecunimrnriiimniiieri e 204
EXEICISES tt rteevrrmnreeretennuirussenteaieeneiontiortionnssstrennrennsannennnorns 206
Unit 10 Modeling Kernels and CAD Software «------oceereeneeneeniinann. 207
Text 1 Parasolid  +«ccerececmereecrerarsemeemaenreresisenrnenssasnsnsasnsanans 207
Text 2 3D ACIS MOGEIEr «-+eeeeeemreeserererenriesienssesssesnssenrasannnens 213
Text 3 NX for Mechanical Design +++++serrresersessinreiernerirnnnnenenens 217
Translating SKIll§  «re-e+eeereressrrermnnimarrrriiiiirie i ee e e e 9291
FEX@FCISES ++ettetmttitntttnstanernetnraaraenrereseatnenenenrneeeenennaeeneneaanens 299
Appendix A Professional and Academic Information - :ovoieeernnaninne 223
Appendix B VOCADBUIAFY «+++« rerrrererrriiirmmutieeiiiiiieiiiiereetnineeeranaannns 295

References ------------------------------------------------------------------------------ 248



Unit 1 The Engineering Design Process
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Text 1 Design

Design is the process of conceiving or inventing ideas mentally and commu-
nicating those ideas to others in a form that is easily understood. Most often,
the tool is graphics.

Design is used for two primary purposes: personal expression, and product
or process development. Design for personal expression, usually associated with
art, is divided into concrete (realistic) and abstract design and is often a source
of beauty and interest (Fig.1.1). When a design serves some useful purpose,
such as the shape of a new automobile wheel, it is classified as a design for prod-
uct or process development.

An abstract design, such as this sculpture, is meant to evoke a personal,
emotional response to the viewer. Though it does not serve the same functional
purpose as the office building behind it, the sculpture enhances the office
worker’s environment.
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Fig.1.1 Abstract design

Aesthetic design is concerned with the look and feel of a product. Industrial
designers specialize in the aesthetic qualities of products, as well as other ele-
ments related to human-machine functionality (Fig.1.2).

Fig.1.2 Aesthetic design

Aesthetic design is an important part of the engineering design process.
Industrial designers day a major role in the engineering design process for
consumer products, such as automobiles, appliances, and consumer electronics.

Functional design is concerned with the function of a product or process.
Airflow over an automobile is an example of a functional design element. Most
engineers are concerned with functional elements (Fig.1.3).
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Fig.1.3 Functional design

The wind tunnel testing of a new automobile determines how the car would
function when moving through the air. This is an example of functional design.

Many products will have both aesthetic and functional design elements,
requiring the engineers and designers to work as a team to produce a product or
system that is both functionally and aesthetically pleasing (Fig.1.4).

Fig.1.4 Aesthetic and functional design
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Aesthetic and functional design combine to give this sports car a look of
speed and elegance. The car is the result of a product design intended to meet
the needs of a specific market.

Vocabulary
conceive 8 (EE.HRIZ), BH evoke MR, #iE
aesthetic XM, FRE,HBH wind tunnel KA

functionality ZhBEHE. #ERE
Text 2 The Engineering Design Process

Engineering design is a problem-solving process that uses knowledge, re-
sources, and existing products to create new goods and processes. Engineering
design has both aesthetic and functional elements and can be broken into two
broad categories: product design and system design. The design process, as im-
plemented by industry, varies among companies; some use a linear or step-by-
step approach, while others use a more integrated team approach.

Product design is the process used to create new products, such as a new
automobile model, a new appliance, or a new type of wheelchair. Product de-
sign is a complex activity that includes market, production, sales, service,
function, and profit analyses. The goal of product design is to produce a product
that meets the wants and needs of the consumers, is economically produced, is
safe for the consumers and the environment, and is profitable to the company.

System design is the process used to create a new system or process. A Sys-
tem engineer or an industrial engineer is an engineer that specializes in desig-
ning system. A system is an orderly arrangement of parts that are combined to
serve one general function. Examples of the system designs include the arrange-
ment of the assembly process in a factory; the heating, ventilation, and air-con-
ditioning system in a structure; and the electrical system in an automobile. The
objective is to produce a system that serves a specific function economically, is
safe for the consumers and the environment, and is profitable to the company.

Engineering design is one of the processes normally associated with the en-
tire business or enterprise, from receipt of the order or product idea, to mainte-
nance of the product and all stages in Fig.1.5. The design process requires in-
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put from such areas as customers’ needs, materials, capital, energy, time
requirements, and human knowledge and skills.

Fig.1.5 Manufacturing business process

Two important societal concerns that an engineer must take legal and envi-
ronmental issues into account. When designing, it is important for the engineer
understand that legal issues may affect the designed product. Safety laws related
to automobiles are an example of how government legislation can affect a de-
sign. Government regulations related to the environment may also have a bear-
ing on the final outcome of the design. For example, the emission requirements
on an automobile engine have a great effect on the final design.

A manufacturing business or enterprise includes all the inputs, processes,
and outputs necessary to produce a product or construct a structure. Designing
is one of the major processes in such a business.

An engineering design involves both a process and a product. A process is a
series of continuous actions ending in a particular result. A product is anything
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produced as a result of some processes. As the design of a product or a process is
developed, the design team applies engineering principles, follows budgetary
constraints, and takes legal and social issues into account.

Graphics is an extremely important part of the engineering design process,
which uses graphics as a tool to visualize possible solutions and to document the
design for communications purposes. Graphics or geometric modeling using CAD
is used to visualize, analyze, document, and produce a product or a process.

Traditional Engineering Design

Traditional engineering design is a linear approach divided into a number of
steps. For example, a six-step process might be divided into problem identifica-
tion, preliminary ideas, refinement, analysis, documentation, and implementa-
tion (Fig. 1. 6). The design process moves through each step in a sequential
manner. However, if problems are encountered, the process may return to a
previous step. This repetitive action is called iteration or looping. Many indus-
tries use the traditional engineering design process, but a new process is develo-
ping that combines some features of the traditional process with a team approach
that involves all segments of a business.

Traditional design process is a sequential process that can be grouped into
six major activities, beginning with identification of the problem and ending
with documentation of the design.

Concurrent Engineering Design

The production process executes the final results of the design process to
produce a product or a system. In the past, the creative design process was
separated from the production process. With the advent of computer modeling,
this separation is no longer necessary, and the modern engineering design
approach brings both processes together.

Concurrent engineering is a nonlinear team approach to design that brings
together the input, processes, and output elements necessary to produce a
product. The people and processes are brought together at the very beginning,
which is not normally done in the linear approach. The team consists of design
and production engineers, technicians, marketing and finance personnel,
planners, and managers, who work together to solve a problem and produce a
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product. Many companies are finding that concurrent engineering practices re-
sult in a better, higher quality product, more satisfied customers, fewer manu-
facturing problems, and a shorter cycle time from design initiation to final
production.

e R PR TR
i W

A TS

]
P ser s ey ines

Fig.1.6 Linear engineering design process

Fig.1. 7 and Fig. 1. 8 represent the concurrent approach to engineering
design, based on 3D modeling. The three intersecting circles represent the con-
current nature of this design approach. The center area in Fig. 1.8 represents
the 3D computer model and reflects the central importance of 3D modeling and
graphics knowledge in engineering design and production. With the use of a
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modeling approach, everyone in the team can have access to the current design
through a computer terminal. This data sharing is critically important to the
success of the design process.

Financing Designing

Marketing Planning
Managing Producing
Fig.1.7 Sharing the CAD database
Problem Preliminary Preliminary
Identification Ideas Design
Servicing
Financing
Marketing
IMPLEMENTATION Producing
Planning
Visualization Documenting

3D Model

Fig.1.8 Concurrent engineering design
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The concurrent engineering model shows how every area in an enterprise is
related, and the CAD database is the common thread of information between
areas.

The engineering design process consists of three overlapping areas: idea-
tion, refinement, and implementation, which all share the same 3D CAD data-
base.

Through the sharing of information, often in the form of a database, it is
possible for all areas of the enterprise to work simultaneously on their particular
needs as the product is being developed. For example, a preliminary 3D model
could be created by the design engineers early in the ideation phase. A mechani-
cal engineer could use the same 3D model to analyze its thermal properties. The
information gained from this preliminary analysis could then be given to the de-
sign engineers, who could then make any necessary changes early in the idea-
tion phase, minimizing costly changes later in the design process.

Vocabulary
implementation EHE, SEE sequential JRFEAY
ventilation 8 X, iteration H|(F)E ., &
enterprise Ak, M EE, SAIESD loop &3, HE,#E
maintenance {R¥F, 458, 8 nonlinear JELRMEH
legislation ~7 & overlap HH
emission HERX concurrent FHFFRY. HEH
budgetary FHE simultaneously [B]B}HE

Text 3 Collaborative Design

Collaborative Engineering

Collaborative Engineering (CE) is the systematic approach to the integrated,
concurrent design of products and related processes, including manufacturing,
product service, and support. This approach is intended to cause developers to
consider all elements of the product life cycle from conception through disposal,
including quality, cost, schedule, and users’ requirements. The objective of CE
is to reduce the development cycle time through a better integration of re-
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sources, activities, and processes.
Collaborative Design

Collaborative design is an interactive process of real-time communication
among members of a design team who are physically in different locations. Dur-
ing this process, several engineers or a team of designers are simultaneously in-
volved to agree or disagree on design issues and address them during the early
phases of product design. Concurrent engineering is considered the grander phi-
losophy that motivates collaborative design as a key ingredient.

Collaborative design fosters the ability to conceptually design a product in a
distributed manner by involving supply-chain and other members who have the
expertise to accomplish the design task at hand. It has the advantages over tra-
ditional design, of increasing productivity, shortening product development life-
cycle, and improving competitiveness.

The client program (or client, for short), installed on one computer
(known as the client computer) communicates with the server program (or
server, for short) installed on the other computer(Fig.1.9).

Server 1 Server 2

Client 1 Client 2

Fig.1.9 Client/Server model



