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1.1 # ¥

BEEREE AR L MRS T R RiEE, EhrEnsHaiienss
fEHRER, XNPEARRINERD TERNER. BEREE IR, RHER
EA WIOZ 5, HERBmERXRLHESEN R EERRM LR AR. W%
HETPREERSNERSE, BRFENAYNENES. BT EWER. FHRERE
TFEAFRTAIGAR RPN LBR, X ITREEAN B R EER € iE 3 R
Sa MR, t%é#ﬁ?ﬂﬁﬁﬂﬁ%&$ﬁ%ﬂﬁﬁ,ﬁ%&%%ﬂ%ﬁ%lﬁﬁ
BRELBS AR HBEEWHRNESR.

R W BEFRAY R IR O English for Special Purpose, ii’l"?ﬁ%ﬂiw&lﬂi‘: 20 #42 50
FR, FUFRBHENHARETHIHENE ST LR, SRR THENS X
B B TRl SORCRBIR 030 . 1830, 3. #RHE. BIRRE. SRRES.
PR, PERRAMRARS. HPRX. SENED-BESREHE, EBHEARMN
ERRENR, WEERFIREROEIEAR, RECHERHELERNE, -
B, —BR AR TR, UREREMESI, BTN RGN FUER,
FHXR - EREREARE, 5 VEAEHRIRS, B EREERXENEA,
EER LB, wRBEFINAR.

EEFRd TR FRBEA, SRR RAHEIEARNS®, RTRIRRE TR
RIRyREAL, ﬁ?wﬁﬁ**ﬁ&ﬂ,W%Wﬁﬁﬁﬁ#%ﬁ@ﬂﬁ&ﬂﬁﬂﬁﬁ AP
HHEERRBEERIBRIBERGZRBL.

ﬂ%%%—*ﬁﬁ*ﬂﬁ?iﬁkﬂﬁmI#EE%@%&&&E%&&.ﬁﬁﬁﬁﬁ
HE MR BRMAEER T, AN AR BEREN, TR RY
FIMTENERETE. Mtﬁﬁﬂﬁﬁaﬁﬁ$ﬁ,ﬁﬁ$UEﬁﬁﬂ,Eﬂﬁﬂﬁﬁﬁ
M B RRRRSFHUE TSN,

ﬁﬁkﬁﬁﬁﬁﬂ%ﬁﬂﬁiﬁ%E%ﬁﬂﬁ&ﬁiﬁﬁﬁmﬂﬁﬁﬁ% LAEFERLBF
BUEF SR P IR TO Tk RE B R RIS i . N TIABIX E ),
HARERMERIEFCC . B EREORNB S SRTE, M. EIREpR ket
—RARGHEENNER. NEXNEMMIA—-BRAEEER, BAAHARKEERS
AE. REEERTEDNRRA BESIAKXRAE. e b XENEsiEs
IERRBRRA T HAT, & UIE R TR AE BN, TEEREAR i AR
WREEE. ROMBRZGEND R, SUSHERRES. WEETRERRA SRS,
AU —EER, FEPERER A SERBEE BRI,
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1.2 BAeREHELFS

HTTRLWIGERHTR, RITEREFH—BXTIFRRL IR,

Despite the tests described in Chapters 11 and 12, materials may still fail in service,
sometimes with disastrous resuits (e.g. when the failure occurs in aircraft, bridges. ships, etc.).
To try to avoid such disastrous occurring, the designer avoids using materials continuously at
their maximum allowable stress. This is done by employing a factor of safety.

Unfortunately, increasing the strength of a component in the interests of safety not only
increases the initial material costs, but also the operating costs. For'example, the stronger and
heavier the structural members of an aircraft, the fewer passengers it can carry and the more fuel it
consumes, Therefore a balance has to be maintained between safety, initial cost and operating costs.
The designer is constantly striving to improve the former whilst reducing the latter.

Allowable working stress is taken as a proportion of the yield or proof siress; that is, the
component is only stressed within its elastic range when in service. For examplé, consider the
screwed fastening shown in Fig.1.1. When the nut is tightened normally the bolt is stretched
slightly and, providing it is stressed within its elastic range, it will behave like a very powerful
spring and will pull the joint faces together very firmly.

The stress in the bolt is made up of two elements. Firstly. the stress imparted by the initial
tightening of the bolt; secondly, the stress imparted by the load on the fastening in service. The sum
of these stresses must not be allowed to approach, let alone exceed, the yield stress for the material
or it will cease to act in an elastic manner. Therefore the designer proportions the fastening (and
other components) so as that there is a factor of safety. Usually the designer assumes an allowable
working stress of only half the yield stress for the material.

If the fastening shown in Fig.1.1 is overstressed by applying excess torque to the nut (for
example, by extending the length of the spanner with
atube), the bolt will be stressed beyond its elastic

range. Once the yield stress for the bolt has been '
exceeded it exhibits plastic properties and takes a B U M"“- -
permanent set that is, it becomes permanently )
lengthened, the “spring back” is seriously reduced A .
and the joint faces are no longer held firmly together. '
Thus for critical assemblies, the designer will seek to
control the stress in the fastening and associated
components by specifying the torque to be applied to Figl.l Screwed Fastening
the nut as it is tightened by the use of a “torque
spanner” set to a specific value.

RIARER, S8—BFRE— &

B—BEHELRPHIRS.
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BB A RRERIEE S W EEEREREAEITRE.

BZEBNV RN E SO N BT L.

SBINE A PrRAR IRLA

BB REEEFRETR PR HWEEERFE.

MR 8, XPRENEIEE BSRZRMERCRE, CRPHAEMEHN, B
BSR. WBEE LE, TP AEAEEmNRE. RMEReEn. XTFRT &I TEMNS
MAREEI, yield stress (JRERRFT), elastic range (GGRYETER ), torque (F50E) &, BHEET
—EHLR A T ELAZFREN: bolt (BRER), put OBEE), spanner (IHF) 2. FEIFEER
B, RIMTLUREIS VAR RS EXESHFE, 288, BERsH, &
HiENE,. SRBADEVABHELSE. MEEEFE, SV EEREEACHER,
FEHE: EARKESHERNWESE, BEHERBsiEs. SAERENS— T ER
HEERBRRFEEFERRERA.

FEATRETSLEENER, SFLNEEN LT X, BRERS LS
£ ndex HF SRR AZATREIANFE L WAL HHERSE. BETEHNREFRL,
‘B 1= M Engineering Materials 2{4}# Index 48555 43R B4

impact
resistance see 'toughness
testing
testing, inmterpretation of
impact adhesive see joints, adhesive
impact extrusion :
inclusions
dissolved
undissolved
induction hardening see hardening
insulating materials
+inirinsic materials see semiconductors materials
ionic bond see bond
ions
ironcarbon system
isotopes
Izod impact test

joining materials
joints

adhesive

impact
thermosetting
brazed

malleability

manganese

martensitic structure

mass effect _

material properties, factors affecting

material selection .

aviation industry

civil engineering (spanning.the Firth
of Forth ) ‘

€CONOMiC requirgments

lessons from disasters

processing requirements

property requirements

materials

engineering

failure in service

creep

corTosion

fatigue

racture

melting temperature of

mature

testing

destructive



compression non-destructive

mechanical “Mazac” see zinc based alloys
thermal melamine formaldehyde
AT DAEH, Heg i 2o TR AMEILEARE, W3
ironcarbon system SRR
martensitic structure ARG
zin based alloys brazed BELE
inclusions FE (FEPERD
induction hardening - Ammpnd
HAWR, EHMEVEEH, AEEEEAFRMELATAARNE S,
dissolved Gip i
hardening ik
compression i
failure R %%
insulating nig, LM
processing T, Abm

RWRTICARRZ RS, TWERLENE, ENREANE—RIATHEE.

g FiE R

mMTARRE, FEPARSERGRERET. OFME, BTE, BE%. Tl¥E
RIS SRR R ARG R, S B — Wi AR A B T KR
HC. ABHHTE A SH T FVIGERHREMER.

pim:
" macro- Foeeeeni
MACTOSCONOmIcS ERETF
macroeffect ' o TR
poly- %
polygon £
polynomial FME,
polymerize ®E
-ics C S A
informatics RRF
kinematics B
thermodynamics P
able, ible Al eeees B, BB ., BF-
flammable, inflammable SHE
adaptable HE R Y
convertible ALY
accessible BHITH
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F2E HAFMRERAER

AR, EFFMKREERMN R AR AR S E B RGBT AR E TH
#0354k, 45 APLE S (Human-Machine Interaction) BB XRATESRFBEE. T
BERNRDHRETER ERBRMER W ERKEES, FRRME5M kKRR,
7 He bt AT A TSR, SARSERR RN TR, R TREER R R AP L HIR
W, ERFREEEEBET, TIOR8y, BRI PR R R 3 sCH

BEYEEIR T TREAARFATIME . AEENERN FRBRE. Eﬁ?&ﬁ%ﬁﬂﬁmﬁu
Rﬂ?ﬁlﬁﬂ?’%ﬂf‘ B R AR,

21 EHNpERHEE

ERFERAERA CRXHRMNER AR ENEENER, AR%EL, ThiHE, &
AE—RAATRIN, SEERE—NER, ERBEMRANMESHEHATR,
BEENER BRFERA N LA,

1 World Wide Web ¥ B ¥ IR

World Wide Web 8 WWW 5§ Web, TR RSN LBREERERESE. ERAHETA
fA ., FEAESR, B0, B, BR. ERERER—E, HRESE—RESAH URL
A, ELHRHRFHAVMERENERT &, S ERNEERE AR
RERRE . TREHERAR, bk, REEMNERRENR EEMREBNER.

AEER R LR WWW H BB ERAS— SR 248 URL (Uniform Resource Locator )
PR LG BRREA B . URL BE=%#4: FERANEWENG RESmnt, M8 L
SENCRRIEERE. BT httpy/www.chinainfo.gov.cn/database/s FEH hitp #7430/ Hypertext
Transfer Protocol, FICHR A8 CAERII, ERMN RS Web JiF 2 IR RPN
HARE{FUMYEA FTP, Gopher, Telnet % . Web R& B0 B EABXA4FCES HTML
(Hypertext Markup Language) iR, HTML JCEHBCA. #NAABEABIEACE MRS
A ERATHA,
2 Telnet {FBHIF |

=P E%E fE PN Teinet (Telecommunication Network Protocol) FIEHRF T, R4 MY
B FRmRATEN, 8 ARV RAEEHTEYARY, HmERLEEH EyLhxt
SA PRI, IR AR . —SEORER ) AP AU E AL Telnet J7 IR ELE
BIR%&. YrE£BHE1ET Tenet FRBHEBEHEBEAINE B F (OPAC—Online Public
Access Catalog), — BB EFELSM: Dialog, DataStar, Lexis-Nexis, OCLC, UMI
&t Telnet A EHE AR S .
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3 FTPEERIK

FTP (File Transfer Protocol ) 2 FRAGRIME B89 SC AR BERIHRHLE FTP A1
¥ T LA E AR . SR EMERH B PR s o o ey, RIR A FTP.
FTP REBAR AL SRR TS/ N TR, il FTP e IREME R HES
BFES, BFETSRE, BRES, SRia-mitFRg%.
4 Usenet AFPRSAEBRE

ZFEPNE P EERREAREEMN LRSS RERE R, SlnFE 4 (Usenet
Newsgroup). HE{Fi3 (Mailing List). E8iHE4 (Discussion Group) %%, EM15E L&
BH—4MEE T EALFEMERFHEMBTFRE. Rz iRaznEd
E-mail 72 H35H . IREHKERREEFEENESNE, KRAEGLY LR
BB R AR RS . TREARARNREMX — R A B HRIE.
5 Gopher FRHE

Gopher £ HBERILALA—F R BIRZhNEE R B MRS, AP E—RERENES
T, PO EAR L BBE SRR, TR ADEIGRINEE . Gopher MRS
FEfHE, P ABEER b T RS R A BN B R EE LNBRESS.
Gopher {1955 — 45 U HSE BT DAHE ) 5. BE M b 4 51— -1~ Gopher Hi 4 B 8USR E B 30H4
Gopher ¥R F] LI M HEAME R RE. . WWW, FIP, Telnet %.

22 BEFNERRER

221 EHMairi

HLEEREEFMMER R, MCHARREE SRR, R BAE AR, M.
EXFEMNEREME, RESRFRBEERMER, DEAANBENEXR. X7 #E
AP B AR MR, RETAEFATR THNNRSRERRRLIR,
BET R Al 434 Web FIRER R T RAMIE Web RIBRRER TR RI& Ll Web FMIRE RS
B, KEEHR, MRS, BHUE Web FIBTE QRS (U FTP, Gopher, Talent,
Usenet %), TR, HEE Web BIRE R R, IE Web PIBTIRKLR LR AGYE RIHEXT S .

Web FIBHER R T R EBH =KR:

H # B T B (Web Directory), $8%35| % (Search Engine ) MZ L1831 % (Metasearch
Engine or Megasearch Engine ).

1 BEREMERIE (WebDirectory)

HFREHRET B IR H$ (Web Directory), U RBATIRBMNENE, IHER
E#HEEARGREHOTHEROBEEWNEF. ST ARERFRTREGARYN
it AL BRGNS, FHAFPREIMEZER EEFERNGIFTRARERT
BERES. :

ELHRMBEHRA:

Yahoo! hitp://www.yahoo.com (] 2.1)
Galaxy http:/fwww.galaxy.com



The WWW Virtual Library (VL) hitp=fwww.vliib.org

I == [ PR
i, T Dtidn 1la LGn, U S i Doee Lude s, e mm
_-l-w—.—=

e o e

Frrrees gk by et

2 WRIIBE (Search Engine )
R SR RS RT SRS RS BT R FRACHBRES, ftHP

Frif). WRIIWAAEHMRRDE, LAIRARERCHRAIERTA.

FEAMERSIRH:
Alra Vista hatp:/iwww.aliavista.com ([ 2.2)
Infoseek http:/fwww.infoseek.com

http:/finfoseek.go.com

g e samaorin b Sy - i, - il - WIS ¢ e ¢ Aslan © Cieelenr
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BERUVRRTREMERTIFEIRAZES, HTRORFR:
A Web directory is .
A pre-defined list of Web sites
Compiled by human editors
Categorised according to subjectitopic
Search engines have three primary components
A “spider” that examines Web sites
An index/database of Web site listings
Interrogation/retrieval software
Search engine databases are primarily built up by “spi

ERTENR, ERBRRTAMERIIEZENFBRRKSEN, KEBRTHRE
BRRIARNEERHTAPRE.

3 ZiRRSIE

ETHARIIBREE M YRIIBERLE—ER, %Eﬁﬁ—mﬁﬁﬁm EMRTQ%E
KIIRARMETH R IEHFHAE.

BRI MEFLURIRRTAMBRIE, EHSMRIBERE—R, Ik
RRRDESGHRE R, BRSSP RERRTRERETANERT IR HOR
¥EPR, RRAFEGERTIVIGT, RROLBSLENA— BRI SRR,

FRANRRIRARS:

ALlL-in-one http:lhvww.allonesegrch.com
CUSI | http://cusi.co.uk
iTools! ) http:/fwww.itools.com

AR 3RS 1% H AL $mﬁ$ﬂ¥ﬂﬁ%$¢ﬁﬁlﬁ%ﬂﬁﬂﬂ,#ﬁﬁ%~ﬁﬁ
RAE. ERESRMER—TRRAERNTLEMIRSIE, ANRREMEE, 5
RNRRARCEM SRS AR,

TANSTLERSINEG: . S
DOGPILE http: //www.DOGPILE.com
INFERENCEFIND http: //www.infind.com
‘MetaCrawler http: //www.metacrawler.com

http: /fwww.go2net.com/search.htm] .
PERRIEREZR, RT LRSS DERONER T R b, EkiH
TUﬁﬁﬁﬁﬂMﬁﬁlﬂ,%iﬁ%ﬁummWMy

PC-based search tools—Search utilitles arid intelligent agents

Meta-search sites such as Dogpile and Marmma have grown in popularity as they allow users
to search across different search indexes simultanecusly with duplicates removed and results
reranked (depending on the meta search service used). Search utilitles represent the logical
evolution of this functionality. Unlike meta-search engines, where the processing power to refine
results still remains on the server the user is interrogating, search utilities are programs that are

9




installed on to the user’s hard drive. By shifting processing power away from the server, and on to
the user’s own desktop, search utilities offer a much greater range of search and results analysis
functionality.

Like several of the secand—generatioﬁ search technologies that have emerged (Eleciric Monk,
Google ) many of these search utilities incorporate intelligent agents Cor bots ). Indeed, many of the
powerful features offered by search utilities, such as language independent seérching, filtering,
automatic refinement of results, and docurnent surnmaries, active hyperlinking of query words and
live highlighting are possible because of the nature of intelligent agents. Unlike a standard software
program that will execute specific functions within clearly defined parameters, agents/bots:

are adaptive—they can interpret monitored events to make appropriate decisions;

are self-organising—they assimilate both information and experience;

can communicate with both the user and other bots.

Agents can search across a wide range of document types and formats. They can provide a
uniform interface for search queries across different sources and are true “informediaries” in that
they can identify and search appropriate resources that may or may not be known to the researcher.
The adaptive element of intelligents is central fo the functionality of many search products that
incarporate agents. The following popular search utilities, which all contain agent technology, are
available as free downloads and as more comprehensive paid versions:

Mata Hari (www.thewebtools.com) can learn one set of power search commands and then
antomatically translate these for each search service/database that it queries for the user.

" BulleEye Pro (www.intelliseek.com) incorporates 11 different intelligent agents, including
technology from Verity to conduct what it calls “Web mining”. The different agents are used to
target specfic types of information such as business news in over 430 sources on both the visible
and invisible Web, It will automatically run searches, allows import/export of searches to other
users, whilst users can choose to receive change alerts by HTML e-mail, pager or other hand-held
data devices. :

Copemic { www.copernic.com) can translate a search statement for different services and then
simultaneously submit the query to these search engines, Web directories and databases. There are
about 20 categories such as business and finance, science, etc., with predetermined Web sources to
search in. '

Recognising the advantages offered by search utilities, some search providers have released a
variety of free basic search-utility programs as “plugin”. As the name suggests, once installed,
they are incorporated within the user’s browser and enable the search engine provider to offer more
features. Search providers that have released search utilities include Infoseek, AltaVista, nd more
recently Lycos.

A common function of agents is that they allow the user to specify & high-level goal instead of
issuing explicit instructions, leaving the “how™ and “when” decisions to the agent. This, combined
with their ability to search across data in unstructured formats, to automatically learn and adapt to
user preference and to identify patterns, is giving agent technology an ever increasing role in Web
searching.

10



222 BAXHFREPFEHEPFZEEER

1 BEPFEAXTRRER (OPAO)

P 4% B B 2 R i T B4 B R R RS A A TR B W B . DRIt R A E
BIREESEEEBHAZKHED, BEEREMEBHMERRER “BILBEBEAZ
¥ZEF” (Online Public Access Catalog—OPAC). X —THTRENTERRRR, €
TR PR B EERRERS . RERFTTEHCARERITFSHBEBHEK OPAC. MF
HH2E BN (URL www.lib.tsinghua.edu.cn/chinese/otherlib) T LAZE B 53 A1 B
RIE B URL. BHME Yahoo! M E R ipE# Reference—Library FIRI, H47] RI#EHE
TR 5K BT, BRE OPAC. BIMBHMFEIFM URL, — BTNtk A
%ﬁ%ﬂﬂnMﬂﬂM@HMw@yﬂmiﬂm@%WMMMMLW@E#ﬁmmﬂ
3. http/iwwwlib.ox.acuk/, H 2.3 REERFAFTREBEMER.

Information & Sorvices

» Mbout the Engineering « EM5PL Stondard Mewiletter  » Subject. Closs Bibliogrophiss
Uibrary (Staff, Pelicias) ared How-1a Guides

» Aerex, Pequest Form o FAQ » Video Cellaction

= Ak s Librarian » Interlibrary Loon Raguert » Warkshops

& Refurence

Electronic Resources o jmurmal srticu, whoohs, coefpramer papers Technanl seports Balow are soma
Frequantly-ussd sciftech datobases. sse Library Cotaleg for complate liat.

» Applied Sci/Tach Tndax » Dinseriction Abstrochs » Medling

& BooksZ9%7 som « Bearaf » biailibrary (sbos)

« Currunt Contanti » LE6E Xplors s MTLS (leeh reparty)
» Ef Compendex *Web « ILT Stondards Detubase » Proquest (irede |murnds)
& Elactronic Journale «ICE » Science mogezing
Waswinr, Oussr, Wiley « INSFEC s Science Publichery
» Enginsaring fumsorch Guides  » Lexin/hlexis » Wab of Scieres Saimes
« Math3ciNat Citerian Inden}

Ml 23 The Enpineering Library of Cornell University

2 BFHET

FRB|PESENFEL . THERBEBRMEREANTER, BENSTHEIRR
LR EMBRTFENEE. HERSRLKETERK ZAE, EFkaTfldacs
M. SRR FARARSBE. BRE AN TIRAMYEZ—, Electronic
Journal Access (URL  httpi//www.coalliance.org) WF T LT RMEHRTHT. REETH
T B &7 R H ORI B IRAISCH . AR TR, BF—LRAK
METHT, ENRERFEARFEORES. REHAGSNEEMNES

The Internet Directory of Publications http: //wwww. publist.com
MediaFinder http:/fwww.mediafinder.com
Excite’'s Newsiracker http://www.chinainfo.gov.cn
Wiley InterScience http://erwwinterscience. wiley.com

PETEBERGEEM littp://www.cetin.net.cn
11



3 HMIBTLERaR

ASME ( American Society of Mechanical Engineers ), SAE ( Society of Automobile
Engineers), 1 IMECHE (Institution of Mechanical Engineers } L8 TE¥EAMEHIEM
RESART, LDHEAFHER, CIERMERRS. SMHMLSIE.

ASME hep:ifwwwasmeorg (B 2.4)
SAE hitp:/iwww.sae.org (B 2.5)
IMECHE httpeifwww.imeche.org.uk (B 2.6)

B 24 American Society of Mechanlcal Engineers
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ASME W MR REFINEEEFEE, FRFRINERSGUNER, BXT
HIKEER Nanotechnology #T38, #FE Viral Campus, 24 Distance Learning, 03
Graduate Online Courses, 5 TE 5 H flaX 2 Continving Education, MHLTEHERA B FE
h ASME E—MAB EMARN.

ASME HiR#APIEES:

APPLIED MECHANICS REVIEW
HEAT TRANSFER RECENT CONTENTS
JOURNAL of APPLIED MECHANICS
JOURNAL of BIOMECHANICAL ENGINEERING
JOURNAL of COMPUTING AND INFORMATION SCIENCE IN ENGINEERING
JOURNAL of DYNAMIC SYSTEMS, MEASUREMENT, and CONTROQL
JOURNAL of ELECTRONIC PACKAGING
JOURNAL of ENERGY RESOURCES TECHNOLOGY
JOURNAL of ENGINEERING FOR GAS TURBINES AND POWER
JOURNAL of ENGINEERING MATERIALS AND TECHNOLOGY
JOURNAL of FLUIDS ENGINEERING
JOURNAL of HEAT TRANSFER
JOURNAL of MANUFACTURING SCIENCE AND ENGINEERING
JOURNAL of MECHANICAL DESIGN
JOURNAL of OFFSHORE MECHANICS AND ARCTIC ENGINEERING
JOURNAL of PRESSURE VESSEL TECHNOLOGY
JOURNAL of SOLAR ENGINEERING
JOURNAL. of TRIBOLOGY
13



JOURNAL of TURBOMACHINERY
JOURNAL of VIBRATION AND ACOUSTICS
T HEHRTJLSBRRNENE. :
1 JOURNAL of COMPUTING AND INFORMATION SCIENCE IN ENGINEERING
JCISE publishes archival research results and advanced technical applications in the areas of
Internet-Aided Design and Manufacturing, Virtual Reality Environments and Systems, Information
Models/Ontologies for Engineering Applications, Al/Knowledge Intensive CAD/CAM, Enginee-
ring Simylation and Visualization, Computer aided Product Development, PDM/Enterprise Infor-
mation management, Embedded Computing, and technology aspects of computers in engineering
education. In addition to full-length research papers, JCISE has a separate application track that
features software and technology reviews, software/data exchange standards updates, and mno-
vative applications of computing and IT in mechanical product development.

archival ERTFRERA, IBANRY

embedded AR, BAK, A&

VR - abbr. Virtoal Reality, HEHIB3E

Al _ abbr. Aritificial Intelligence, ALEEE

2 JOURNAL OF TRIBOLOGY

One of the, most respected archival journals in the field of tribology, the Journal of Tribology
publishes over 100 outstanding technical articles of permanent interest to the tribology community
annually, and attracts articles by tribologists from around the world. The journal features a mix of
experimental, numerical, and theoretical articles dealing with all aspects of the field, including,
but not limited to: friction and wear, fluid film lubrication, elastohydrodynamic lubrication, surface
properties and characterization, contact mechanics, magnetic recordings, tribological systems,
seals, bearing design and technology, gears, metalworking, Iubricants, and artificial joints. In
addition te being of interest to engineers and other scientists doing research in the field, the
information published in the journal is also of great importance to engineers who design or use
mechanical components such as bearings; gears, seals, magnetic recording heads and disks, or
prosthetic joints, or who are involved with manufacturing processes.

Tribology PR

elastohydrodynamic lubrication G LRy AL S A Sh

gears Wi, EEERE, () B8, Ry
artificial joints ABXRT

prosthetic YRAMER), BRH

3 JOURNAL OF ENERGY RESOURCES TECHNOLOGY
Addressing the wide-ranging topic areas of petroleum drilling, production, refining,
processing, transportation, and equipment and vehicles for sea underwater usage, the Journal
presents peer-reviewed technical papers as well as briefs which are an excellent way to present new
computing algorithms, experience with new measurement devices, evaluation studies, etc. Specific
areas of importance include (but are not limited to): offshore mechanics and technology:
14



ice-water-structure interactions; ocean engineering drilling and production; riser mechanics and
transportation; rock and material mechanics for energy resources; emerging technologies in oil
shale: advanced energy resources-systems-analyses; fundamental combustion of energy resources;

encrgy resource recovery from bio-mass and solid wastes: petroleum equipment and design: and
_ economics of energy resource exploitation.

petroleum Fakiii

drilling ipi o

refining B

processing T, AbPE
offshore BN, WE LAY
peer ., BTER
algorithm £ A7

oil shale - WEE

4 JOURNAL OF DYNAMIC SYSTEMS, MEASUREMENT, AND CONTROL
The Journal of Dynamic Systems, Measurement, and Control publishes theoretical and applied
original papers in the traditional areas implied by its name, as well as papers-in interdisciplinary
arcas. Theoretical papers ‘are expected to present new theoretical developments and khowledge for
controls of dynamical systems together with clear engineering motivation for the new theory.
“Application” is taken to include modeling, simulation, and corroboration of theory with emp-
hasis on demonstrated practicality. Areas of interest include but are not limited to: adaptive and
optimal control; uncertain systems and robust control; nonlinear systems and control; intelligent
control; distributed parameter systems and control; energy systems and control; fluid comtrol sys-
tems; instrumentation and components; manufacturing techinology: aerospace systems; computer
control; mechatronics; power systems; production systems; real time control; robotics: motion
controls; transportation and biomedical systems.

interdisciplinary FHRIEN, EERN
corroboration A, WiIEAHE, ik
robust controi B iR

distributed parameter systems NNBHER

mechatronics PLUBH T2

robotics PLEEAZE, PIBEASER

5 Micro Electro Mechanical Systems (MEMS)
Author/Editor : IEEE/ASME
Sponsored By ; IEEE Robetics and Automation Society
MEMS is the first international forum focused on interdisciplinary research topics on design,
modeling, fabrication, operation, and applications of microelectromechanical devices, machines,
and systems constructed on the micrometer to millimeter scale.
forum wig,s Wit
micrometer scale o S0 .
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millimeter scale G
SAE R Society of Automobile Engineers (XENELRINES) HEE. XRi SAE N
ERFT TR TEREWENARBEGTRAE, 08 MEBNEFEA ART20,. TER
—BEXNATE BEEERTERRAEARE.

SAE Intelligent Vehicle Program (IV)

SAE has played and continues to play a critical role in the progress of the technological
growth of the automotive industry. Our influences on the industry include such major developments
as: the first engine oil viscosity standard; the closed-in automobile body; self-starting vehicles;
automatic shifting; multiplexing standards for today’s electronically laden cars; and recommend-
ations for charging environmentally-friendly electric vehicles.

As more electronics are incorporated into the automobiles at higher rates, a new automotive
market is developing: the Intelligent Vehicles market.

The Intelligent Vehicles market offers a new breed of automotive engincering and a whole
new world of electronics, computers and software applications. These .systems, applied to
automobiles, will affect the vehicle in three basic functional areas: the basic vehicle, safety and
security and {elematics—information, communications and entertainment.

Intelligent Vehicles systems will help lessen traffic congestion; improve safety, driver comfort
and convenience; and foster a cleaner environment. These are also the stated objectives of SAE's
mission, and thus, SAE has committed its resources to be aligned with the Intelligent Vehicles
market.

In this age of consurnerism, SAE supports the Intelligent Vehicles market as it responds with
the latest technologies to the consumer interests of safety, comfort and- convenience. Consumer
interests and the Intelligent Vehicles market haye fostered the development of many new products.
SAE is working with its corporate customers to speed the application of the technologies and
reduce the time to market of these products. In order to accomplish this, SAE is working to educate
and promote Intelligent Vehicles technologies/products to the consumer market as well as to the
engineering community.

The following areas are included in the SAE Intelligent Vehicle program:

Basic Vehicle

Comfort and convenience (HVAC, adaptive displays, adaptive accommodations)

Low friction warning and control assist

Vehicle diagnostics and owner/dealer notification

Powertrain control

Braking assistance

Energy management (electric/hybrid vehicles)

Lighting control

Chassis control (stability enhancement, suspension-active. semi-active, and height-adjustable
damping )
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Smart restraints and occupant protection systems

Safety/Security

Collision warning/avoidance (forward, rearward. road departure, lane change/merge,
intersection, railroad crossing, muitiple vehicle)

Vision enhancement (night and inclement weather)

Location-specific alert and warning

Auntomatic collision and severity notification

Adaptive cruise control (throttle/transmission and/or braking intervention)

Lateral control (steering assist, lane keeping )

Driver condition monitoring/warning

Obstacle/pedestrian detection

Safety event recorder

Personal security (identification, mayday)

Vehicle security (tracking and recovery)

Telematics—Information/Entertainment

Navigation and route guidance

Real-time information (traffic, news, business directories, internet/email)

Entertainment (broadcast, onboard)

Automated transactions (tolls, purchases)

Position reporting
Communications (broadcast, two-way)
Stored onboard information databases .
Services on demand (door iock. lights on/off, vehicle tracking and recovery)
viscosity i
automatic shifting s, Bz
breed aF, FhI () WA, #3F, E|F
traffic congestion ot by A
foster FE, KH, H3F, ¥R, & (B KEE, BpE
mission fifr, f£%
a]jgned with _l_i ...... %ﬁ
diagnostics 2
inclement B, RERY
throttle R
mayday FORES
tracking PRER
telematic FRERLSE, EEERAE
transactions EE, HEA, HhE, CH, HE¥ES
toll CEBEE- WO EfTR, S8, 2R, A

laden EWN, ARK, SN ,
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multiplexing ZREA
chassis RERE
damping LB, Wik

IMECHE B£8R Institution of Mechanical Engineers, BJZEHIR TRIGI<, BHKR
A EZERATIE The Proceedings of the Institution of Mechanical Engineers, & 12 4t

Part A Journal of Power and Energy

Part B Journal of Engineering Manufacture

Part C Journal of Mechanical Engineering Science
Part D Journal of Automobile Engineering

Part E Journal of Process Mechanical Engineering
Part F Journal of Rail and Rapid Transit

Part G Journal of Aerospace Engineering

Part H Journal of Engineering in Medicine

Part [ Journal of Systems and Centrol Engineering
Part J Journal of Engineering Tribology

Part K Journal of Multi-body Dynamics

Part L Journal of Materials: Design and Application

AXEHATI AT LA TR R R A
ingentaJournals http://www.ingenta.com
Eletronic Collections online from OCLC http:/fwww.oclc.org/oclc/menu/eco. htm:
RoweCom Information Quest http./iwww.informationquest.com
Swestsnet from Swets and Zeitlinger http:/fwww.swetsnet.nl
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FEIFE BASERER

BT ERA SRS R RN IR RPE TR W A R TR ESZ—. HTHRE
BAHR AR, AR LEERE AR R BTEAS  UREE FU R X Rl
SRR BEARSENS, S SRTTANES . BRSO Ak,

TR PN RPBREEWE, —REERNEAEHRES, PHRSSCURS, SRR
TERSARICR, BRI XOUREERE, ERETREZS, RERERRERRRRAS.
FEEN A SR TECFEDHSHROENIMTEH T R RS WIER.

3.1 HAFIRSSCER AR

BEENE RS ORR R T RA T R

(1) Engineering Index, Ei

(2) Index to Scientific & Technical Proceedings, ISTP
(3) Science Abstracts, SA

(4) Science Citation Index, SCI

A4S 4 Ei L ISTP

3.1 ABEIARSI

£E TG Engineering Index (X B REEARNNE TRESARSGRENT. THA
I, iGENRSRE TEEANS TR, B ALTEMHE TGO PeR
BRSGE, R A SOER RES T T R ITS O P e R, ﬂﬁﬁﬁ%ﬁ*ﬂﬁ s
ATHEERARMBD. AR, EHFERERNCERT T4, .{'

Ei BZET! (The Engineering Index Annual) mﬁﬁl (Engmeenng]ndemethly), HPHAE
AR EE (Abstract), RS (SubjectIndex), VEEHRE| (Auothor index) %. Ei RHiRRE
A% (Ei Thesqurus), ‘B3R Bi FRFA0 R (Descriptor) 238 A8FIH, A EREEH.
— ROk, MREFRTEARAMSORICETRS!, RISEY Ei Thesaurus TIRF descriptor, REH
$ descriptor EHICH. ERESUHZRE, mmﬂﬁwﬁﬁ£§MEﬁiﬁ

T H—BHaEEEE H Bi Annual 1999 :

Bolted joints (Descriptor EM@i#) -

(Ei Abstract Number 3X3#5) 013704 (Tie BER) Stress analysis of bolted joints with plain
washers.

(Abstract %2 ) Bolted joints have been widely used in many kinds of industries, being used
commonly. Recently the bolt strength has been improved and high strength bolts are usually used. As the
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bolt strength increases, bolt pre-load increases. In reliable design standpeint of bolted joints, the contact
stress at the bearing surfaces between a bolt head and a clamped part must be examined in order to
prevent the permanent set due to over stress at the bearing surfaces. Thus, flat washers have been used in
bolted joints in order to enlarge the bearing area. In this paper the contact stress at the bearing surfaces
between a plain washer and a clamped part is analyzed using the amsymmﬁc theory of elasticity as a
contact problem, where clamped parts are finite hollow cylinders. In the analysis, the bolt head and bolt
shaft are replaced by finite solid cylinders and a plain washer and the clamped parts by finite hollow
cylinders. In the numerical calculations, the effects of the stiffness, the thickness and the outer diameter of
plain washers on the contact stress distribution are examined. Furthermore, it is important to know the
mechanical behaviors of bolted joints with plain washers subjected to external loads. When, an external
load W is applied to a bolted joint with a plain washer, an increment of axial bolt force Fy oceurs in the
bolt and the contact stress between the clamped parts is decreased. The ratio W/F; is knows as the load
factor in designing bolted joints with plain washers. The analysis of the load factor is also done. In
addition, the effects of the plain washer on the load factor of bolted joints are examined in the numerical
calculations. The experiments to measure the load factor of bolted joints with plain washers are carried
out. The results of the analysis are compared with the experimental results. (Author abstract) 4 Refs.
English

(PEE, 1EBENAL, HRIFSER ) Sawa, Toshiyuki (Yamanashi Univ, Jpn); Yasui, Hajime.
Reliability, Stress Analysis, and Failure Prevention Aspects of Adliesive and bolted Joints, Rubber
Components, Composite Springs, ASME Des Eng Div Publ DE v 100 1998 Proceedings of the
International Mechanical Engineering Congress and Exposition, Anaheim, CA, USA, ASAME,
Fairfield, NI USA, p125-131

BR T EARRBIATICUL, EiRHRRRAHH, K BEERRE E Compendex Y. H 4
Eﬁ‘@iﬁﬁtﬁﬂ% KURLE htlthvwwel org ( 3.1).
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T H—EHRE3E H Ei Compendex

(A#S) DIALOG No: 04924618 EJ Monthly No: ETP98024039683

(BIH) Title: Influence of filament winding parameters on composite vessel quality and strength
(#E#) Author: Cohen, D. '

(FEEBA) Corporate Source: Alliant Techsystems, Inc, Magna, UT, USA

(R Source: Composites — Part A: App]led Science and Manufachming v 28 n 12 1997,

- P 1035-1647

(H4ARES ) Publication Year: 1997

(HiffS) CODEN: CASMF! ISSN: 1359-835X

(i&H) Language: English .

(OCER3REL) Document Type: JA; (Journal Article) Treatment Code: T; (Theoretical); X;

(Experimental )

D Ammwmmmmmdmmgmmmabmm
affect composite vessel quality, strength, and stiffness was conducted. Eight 20-in. cylinders (with one
additional cylinder as a replicate) were manufactured and tested for hoop strength, hpop stiffness, fiber
and void volume fraction distribution through thickness, residual stress, and interlaminar shear strength.
Material and processing variables were divided into five categories: (2) resin, (b) fiber, (c) fabrication
process, {d) design, and (e) equipment. Five variables were selected (from a list of 12) for study using a
1/4 fractional factorial design of experiment setup. The five variables were: (a) winding tension, (b)
stacking sequence, (c) winding-tension gradient, (d) winding time, and {e) cut-versus-uncut helicals.
Statistical analysis of the data shows that the composite vessel strength was affected by the manufacturing
and design variables. In general, it was found that composite strength was significantly affected by the
laminate stacking sequence, winding tension, winding<tension gradient, winding time, and the interaction
between winding-tension gradient and winding time. The mechanism that increased composite strength
was related to the strong comelation between fiber volume in the composite ang vesse] strength. Cylinders
with high fiber volume in the hoop layers tended to deliver high fiber strength. (Author abstract) 13 Refs.

(BE3ER 13 B

312 AEMARANEERT

EEBHESPURES| Index to Scientific & Technical Proceedings (i8R ISTP) MBIRNTERIR
HALREER AR EENREES IO, KT 75% 3) 90% BB AR RS SoRTT UM
ISTP 3. KAEGH 50 Z1A3E, JLPHER TS BRPFEAMTEE RNEESR. Bl 1ISTP
REWPE SRR SRR T A.

ISTP FAFIREER], WEFRHATENS, FEEAR Content of Proceedings, X ERES
WHERAREREL, SRFHSNERAHENHS, SUEHKR 2D0E, <A
BHERERHROORBRES, REFIHESIGEORE, ©30EE Y BE R E Mt
ISTP M ERARMBIERT|, 1% Category Index, Permuterm Subject Index, Sponsor Index,
Author/Editor Index, Meeting Location Index 3l Corporate Index . FFIBI#ERS ] LA
#S, M5 HEHT Content of Proceedings HE—H2 M .
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—HRE A ISTP SATHE I BOUERE, B 5EH Category Index ZERRA 1A 2Ll S B 5 Rt
S MRAR TRMENEI, FIRESBUERS, 2 Content of Proceedings #H—262E .

Fn, BREMNEEZREHEINFEOSBHEL. K83 Caregory Index. FEHEHR
Engineering 284, BBFW T S5EIHERA XA

2" INTERNATIONAL CONFERENCE ON EMERGING TECHNOLOGIES IN NDT P388438

3RP INTERNATIONAL WORKSHOP ON NONDESTRUCTIVE TESTING AND COMPUTER
SIMULATIONS IN SCIENCE AND ENGINEERING P88506

#R/5 3] Content of Proceedings &4y, MRrilE2R P8s43s

2" INTERNATIONAL CONFERENCE ON EMERGING TECHNOLOGIES IN NDT,
Athens, Greece, May 24-26, 1999

Sponsors:Free Univ Brussels, Dept Mech Struct & May/ Univ Patras, Dept Mech Eggn &Aeronaut

EMERGING TECHNOLOGIES IN NDT

Eds: D.VANHEMEI RITCK, A. ANASTASSOPOULQOS, T.PHILIPPIDS

A a Balkema, Rotterdamn, 2000, 378pp., 50 chaps., N/A/hardbound, ISBN 90-5809-127-9

INDIVIDUAL PAPERS AVAILABLE THROUGH THE GENUINE ARTICLE; WHEN
ORDERING USE ACCESSION NUMBER BP80X

A A BALKEMA PUBLISHERS OLD POST ROAD BROOKFIELD VT 05036 OR

A A BALKEMA PO'BOX 1675 3000 BR ROTTERDAM NETHERLAND

THE EUROPEAN FEDERATION FOR NDT (EFNDT) — BACKGROUND, STRUCTURE,
OBJE-CTIVES, AIMS,

D.Schnitger (Bundesanstalt Mat Forsch & Prufung, Bam Berlm Germany) --------------------------- 3
THE HISTORY AND THE DRIVING FORCES‘OF NON DESTRUCTIVE TESTING TODAY
AND BEYOND 2000. §.Vizhavipios(Mistras Holdings Grp Princeton NJ)s++++++ Nerensentritrenrarransas 11

RAFPID MANUAL INSPECTION AND MAPPING USING INTERGRATED -ULTRASONIC
ARRAYS, D.IA, Lines, K.R Dikson, G.Filippi(Diagnost Sonar 1 1d Livingston Scotland)s+++++++r-« seennry

APPLICATION OF THE EDDY-CURRENT METHOD IN FERRITIC WELD INSPECTION.
T.P.Theodoulidis, M.K. Kotouzas (Technol & Qual Control Ctr Thessaloniki Greece)s:»+««++++++sss2a1s 357

TEERR_E el IR ISTP. ISTP fi22E Institute of Scientific Information (3K IST) 24F]
i, ISTHY URL 2 hitp/fwww.isinet.com (B 3.2).

7£ Internet _FRFHIFHBIE ISTP WA XERZHE!, ERIVETHR—T STAMER. £ ISIHE
T _-4kuckER: About IST I Products BT IAEBIET IS A9

For over 40 years, IS has been publishing scholarly hibliographic databases for the global research
community. Founded in 1958 by Dr. Eugene Garfield, ISI maintains the most comprehensive
bibliographic database of research information in the world.

ISI products ar¢ primarily distributed worldwide via the Internet/intranet. Our focus is on the
ongoing development of acoess to essential research material published in the journal and proceedings
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E 32 Institute of Scientific Information

literature with links to scholarly full-text journal articles, other databases, pre-print servers and Web
sites.

ISI products include the ISI Web of Science®, a unique mu]tidisciplinm}" bibliographic database
that offers Web access to over a half century of the world’s most influential information. It includes three
Citation Databases: Science Citation Index ExpandedTM, Social Sciences Citation Index®, and Arts &
Humanities Citation Index® and covers approximately 8 500 scholarly journals annually. The Web of
Science also provides links to the full text of journals and chemical, patent, life science and proceedings
+ literature, Released less than three years ago, this immovative Web-based resource is being used by over
3.5 million researchers and scientists worldwide.

ISI also publishes Current Contents Connect®, 2 current awareness database that is available via
the World Wide Web and provides daily updates to over 8 000 scholarly journals and links to selected
Web sites and pre-print servers. Other services include a line of bibliographic management tools, a
document delivery service and other literature research tools in multiple formats including CD-ROM
and diskette.

I1S1 Products & Services

Searchable Databases

Alerting Services

Patent Information Products

Chemical Information Products

Research Performance & Evaluation Tools

Complementary Products/Services



ISI offers various add-on products that extend your research capabilities. Add retrospective data;
access conference proceedings; evaluate journal impact factors; organize references and create
bibliographies; or get reprints of full-text documents.

Bibliographic Management Products

Current Book Contents® and Calling Attention To

Current Book Contents®

Current Contents Desktop™ Archive

Current Contents® Business Collection

Current Contents® Electronics & Telecommunications Collection -

Current Contents® Proceedings ‘

Display Advertising in Cuurent Contents®

ISI Document Solution®

Index to Scientific & Technical Proceedings®

Index to Scientific Book Contents®

Index to Scientific Reviews®

Index to Social Sciences-& Humanities Proceedings®

Joumal Citation Reports®

Medical Documentation Services®

Reprint Request Cards®

Request-A.-Print® Cards and Forms

Scientific Direct(TM) Customized Mailing

Web of Science® Proceedings

ETRBXEZE, RITTHE, KIKAD Products, Complementary Products/Services 7
Index to Scientific & Technical Proceedings®BIET#EA. ISTP FIBL (B 3.3), M T M ISTP 3354

FAISTP J&, BRTTUUEBIET ISTP MIAME, WP ATLIT #R3) ISTP SRR RIRS -

Index to Scientific & Technical Proceedings

Thie ISI® Index to Scientific & Tachnical Proceedings provides comprehensive, multidisciplinary
coverage of proceedings papers delivered at prestigious international scientific and technology
conferences. It delivers complete bibliographic information and anthor abstracts from source publications
that include monographs, series, preprints, and proceedings published in the journal and book literatire.
The ISTP covers the disciplines indexed by the Science Citation Index .

Key Advantages & Capabilities

Provides detailed conference information, article information, and publication information

Helps researchers stay up to date by giving them acoess to data that provides early indications of
emerging and developing new ideas and concepts and, in fields such as engineering and materials science,
often provides the only source of published information available.

Enables users to make progress in resolving research problems by letting them search a single
resource for key information across multiple disciplines.
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- Index to Scientific & Technical Proceedings - Metscape
e S oz Ty

ADDITIONAL INFORMATIDN

iy b g 4 Index to Scientific & Technical Proceedings®

The ISI® badex to Scientific & Technical Proceedings provides comjag
multidisciplmary coverage of proceedngs papers delivered at prestigion
scienfific and technology conferences. It delivers complete bibliographis &
and author abstracts from source publications that melude monographs,

* 151®Privacy Statement
v Index to Sciennfic &

Techncal Proceedings

(ISTP) Order Form preprints, and proceedings published in the journal and bonk hiterature T
v Index to Scientific & covers the disciphnes ndexed by the Science Citation Index®
u echnical Proceedings - "

M3.3 Index toScientific & Technical Proceedings

Is ideal for subject searches, acquisitions planning, and current and retrospective searches

Formats & Delivery Options

CD-ROM — updated quarterly on a rolling five-year file; covers over 960 000 papers published
stnce 1996 from 28 000 conference proceedings; each update adds approximately 53 000 papers from
2 500 recently published conference proceedings; networking options available.

FTP — updated weekly via Index to Scientific & Technical Proceedings Search; same coverage as
CD-ROM version; abstracts from 1997 optional.

Online — updated weekly via Index to Scientific & Technical Proceedings Search; available with
Index to Social Sciences & Humanities Proceedings® throngh DIMDI, 1978 to date.

32 BMEABE

BL— MR TR, FRARSERBEHREREERY, MG IR, ik
ARE. A EATUHEEET, BRI RERIERtR. R RRESREEE. NAE
B, "HELERSES, EEER. FEREHE T, SEKFIKPB, AD, NASA fIDOE
PR R A N, — BB TYER Ao EM. Hh PB G URAEA S E, ADHR
ENEERTERNR, NASA #45h National Aeronautics and Space Administration 75, FEI8
EFEMRIAKITNR, DOE % i Department of Energy 275, VABEESARNE. REERHE
RIBMIRS R (National Technical Information Service NTIS) H1RA0#% T.B Government Reports
Announcement & Index — GRA&] UL £ HBRFRER S
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ZE Manufacturing Technology 2 F#) Computer Aided Manufactiring (CAM) & FHALIES

FEA R ERE AT S AL
8-00.826
PB2000-100132/XAB PC AG4MF A0]

National Aﬁonauncs and Space Admmlst‘ahon, Huntsville, AL

George C. Marshall Space Flight Center.

Standard Road Map Project. Criteria Analysis: A Task of

The Manufacturing-Enterprise-Integration Project

Nell, 1. G. ; Christopher, N. B. Oct 1999 38p

NISTIR-6408

See also PB99-177214, Product from digital image.

Order this product from NT1S by: phone at 1-800-553-NTIS( U.S. Customers); {703)605-6000{other
countries); fax at (703)605-6900; and email at orders@ntis.fedword.gov. NTIS is located at 5285 Port
Royal Road Springfield, VA,22161,USA

This document describes a research project to recommend a decision tool that the Manufacturmg
Systerns Integration Division(MSID) could use during its strategic-planning process to evaluate which
standard activities to support. This paper describes the criteria selected to give priority, in National
Institute of Standard and Technology (NIST) and (MSID) terms, to the standards activities that NIST and
MSID do or should support. There are criteria for judging the quality of the standard itself, independent of
how applicable to the NIST mission. Other criteria are designed to help MSID decide whether or not to
participate in a standard’s development. A computer-aided, decision-analysis tool was used to show that
comptiter assistance would be useful to make decisions when many variables impact that decision.

F£ Manufacturing Technology 2 F Y Tooling, Machinery, & Tools £ B i —& 5T RS
BRI &AL |

Hydraulic manipulator design, analysis, and control at Oak. Ridge National Laboratory To meet the
increased payload capacities demanded by present-day tasks, manipulator designers have turned to
hydraulics as a means of actation. Hydraulics have always been the actuator of choice when designing
heavy-life construction and mining equipment such as bulldozers backhoes and tumneling device. In order
to successfully design, build, and deploy a new hydraulic manipulator (or subsystem ) sophisticated
modeling, analysis and control experiments are usually needed. To support the development and
deployment of new hydraulic manipulators, Qak Ridge National Laboratory (ORNL) has outfitted a
significant experimental laboratory and has developed the software capability for research into hydrautic
manipulators, hydraulic actuators, hydranfic systems, modefing of hydraulic systems and hydraulic
controls, The hydraulic laboratory at ORNL has three different manipulators. First is a
6-Degree-of-Freedom (6-DoF), multi-planer, teleoperaied, - flexible controls test bed used for the
development of waste tankclean-up manipulator controls, thermal studies, system characterization, and
manipulator tracking. Finally is a human amplifier test bed used for the development of an entire new
class of teleoperated systems. To compliment the hard ware in the hydranlic laboratory ORNL has '
developed a hydraulics simulation capability including a custom package to maodel the hydraulic systems

26



Ay

and manipulators for performance studies and control development. This paper cutlines the history of
hydraulic manipulator developments at ORNL, describes the hydraulic laboratory, discusses the use of the
equipment within the laboratory, and presents some of the initial results from experiments and modeling
associated with these hydraulic manipulators. Included are some of the results from the development of
the human amplifier/de-amplifier concepts, the characterization of the thermal sensitivity of hydraulic
systems, and end-point tracking accuracy studies. Experimental and analytical results are included,
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How NTIS Helps You

Whether you are a research scientist, corporate librarian, or government engineer, NTIS can help you
today and tomorrow through its mission as the central source for U.S. Government scientific, technical,
and business information. For example, you can conduct detailed subject searches through the NTIS
Government Research Center’s online databases at http://grc.ntis.gov/. You also can use our Web site,
http:/fwww.ntis.gov/, to lookup any of the 400 000 documents in our collection since 1990, Perhaps you
purchase annually the U.S. Statistical Abstract and need to know when it will be available for sale this
year. You can locate that information from our Web site under our bestsellers list.

The NTIS customer comments collected over the last 50 years value the breadth and depth of the
NTIS collection, and also praise the speed of locating and fulfilling product orders with friendly customer
service. NTIS is known as the government’s central source for the sale of scientific, technical, engineering,
and related business information produced by or for the U.S. government and complementary material
from international sources.

About NTIS’ mission
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For example you can:

Be kept informed of new studies through our E-Alert service
Access one of our other online Web databases

Visit cur Business & International Trade Online Bookstore
Learn how NTIS joint ventures with business

Quick facts:

The NTIS collection (by topic) contains nearly 3 million publications and other products coveting:

business and management studies

health and safety reports

environmental research reports and site clean-up

technology innovations

international market reports

training tools and materials

NTIS acquires information from:

Over 200 government agencies, including the departments of: Agriculture, Commerce, Defense,

" Education, Health and Human Services, Housing and Urban Development, Interior, State, Treasury,
Internationat contributors including: Canada, Japan, United Kingdom, the former Soviet Union,

Western Europe and former Eastern Block countries.
Contracts or cooperative agreements with: the private sector, individuals, firms, and other
HHAERR, NTIS REHEHENI NN, RRATLEATENRS .

NTIS Standard Subject Topics
NTIS assigns every product’s electronic catalog record with one or more standard subject topics to
help you narrow your search. .

Using a coding scheme comprised of 38 broad topics and more than 350 subtopics, NTIS has
assigned at least one of its standard subject topics to each of the 400 000 electronic catalog records on this
web;itc.’[hesestmdm‘dtopicsnmkbiteasierforyoumquicklymatesubjectmbseEWimywam
looking for information. (TR SHE TRXRFHMNTE)

Combustion, Engines, & Propellants
Computers, Control & Information Theory
Energy -
Environmental Pollution & Control
Industrial & Mechanical Engineering
Manufacturing Technology
Materials Sciences
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Subject Topic List

Below, the broad topics are in bold. Their subtopics follow. Along with each standard topic phrase, is
a corresponding subject topic code. You also may search using these codes by entering them in the
keyword section on a search form (S5 T Manufacturing Technology 24i) subtapics)

Code Topic name

ntiscatd] Manufacturing Technology

ntiscat41a Computer Aided Design (CAD)

ntiscat41b Computer Aided Manufacturing (CAM)

ntiscatd 1c Robotics/Robots

ntiscat41d Productivity

ntiscatd le Manufacturing, Planning,.Processing & Control

ntiscat41f Joining

ntiscatd 1g Quality Control & Reliability

ntiscat4 1k Plant Design & Maintenance

ntiscat41i Job Environment

ntiscat41j Tooling, Machinery, & Tools

ntiscat4 1k Engineering Materials

ntiscat4 11 Tribelogy

ntiscatd4Im Optics & Lasers

ntiscat4in Computer Software

ntiscat4 1o Demestic Commerce, Marketing, & Economics

ntiscat41p Research Program Administration & Technology Transfer

TS A R R TR R KRR R

Some Search Results on Quality Control & Reliability

Intelligent Tool Condition Monitoring in Milling Operation. [1998]
Low-Speed Mini-Motor Failure Recognition Using Fuzzy Theory. [Apr 96]
Failure of Components Although the Canses Are Simple & Well Documented.  [1998]
Virtual Company/Distributed Manufacturing Demonstration Project.  [3 Jul 97}
USSR Report, Machine Tools and Metalworking Equiprnent.  [16 Mar 87)
In-Situ Noixlestructive Examination of Weld Penetration. [9 Nov 98]
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Online Dissertation Services

H you're meresiad in radional dissertaton tervices (pves. formats, how to order, etc. ). then select Orderng Dissertanons sod These)

IF poar'en loioking For easy Web searchig urid ordenng, icheck ot Dhesertation Fapress and ProQuest Disgal Dhasertations Dwsertation Express offers online
cedenng, and FroCuest Dhgaal Desertabons offers the search capabiiies needed to Wtaie rations sod abstracts oa nearly any resenrch topie

DISSERTATION

Pﬂ)&iﬁf Phgital Blssrrtatiss
- e -

. P ==
COMMETT T PAOOURET DeGITAL (HESFSTATIONS

Information about addtional dissertation products may be found usmg the online gude 1 Disgertation Servicss

Eorriiation for Author (Conten

B35 UMI Dissertation Service

TR B B B AR 0SSR T I FI30H .
Full Citation & Abstract

PUBLICATION NUMBER AAT 9972634
TITLE Laser-induced thermal acoustic velocimetry
AUTHOR Schlamp, Stefan
DEGREE PhD
SCHOQL CALIFORNIA INSTITUTE OF TECHNOLOGY
"DATE 2000
PAGES 119
ADVISER Hemung, Hans G, ©
ISBN 0-599-77944-6
SOURCE DAIB 61/05, p. 2633, Nov 2000
SUBJECT ENGINEERING, AEROSPACE (0538); PHYSICS FLU]D AND PLASMA (0759);
PHYSICS, OPTICS (0752); REMOTE SENSING ((0799)
DIGITAL FORMATS 5.01Mb image-only PDF
Laser-Induced Thermal Acoustics (LITA) is a non-iritrusive, remote, four-wave mixing laser
diagnostic technique for measurements of the speed of sound and of the thermal diffusivity in gases. If the
gas composition is known, then its temperature and density can be inferred. Beam misalignments and
bulk fluid velocities can influence the time history and intensity of LITA signals. A closed-form analytic
expression for LITA signals incorporating these effects is derived. The magnitude of beam misalignment '
and the flow velocity can be inferred from the signal shape using a least-squates fit of this model to the
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experimental data. High-speed velocimetry using homodyne detection is demonstrated with NOo-seeded
air in a supersonic blow-down nozzle. The measured speed of sound deviates less than 2% from the
theoretical value assuming isentropic quasi-1D flow. Boundary layer effects degrade the velocity
measurements to emrors of 20%. Heterodyne detection is used for low-speed velocimetry up to Mach
number M=0.1. The uncertainty of the velocity measurements was & sim; 0.2 mvs. The sound speed
measurements were repeatable to 0.5%. The agreement between theory and experiments is very good. A
one-hidden-layer feed-forward neural network is trained using back-propagation leaming and a steepest
descent leamning rule to extract the speed of sound and flow velocity {rom a heterodyne LITA signal. The
effect of the network size on the performance is demonstrated. The accuracy is determined with a second
set of LITA signals that were not used during the training phase. The accuracy is found to be better than
that of a conventional frequency decomposition technique while being computationalty as efficient. This
data analysis method is robust with respect to noise, numerically stable, and fast enough for real-time data
analysis. The accuracy and uncertainty of non-resonant LITA measurements is investigated, The error in
measurements of the speed of sound and of the thermal diffusivity initially decreases with increasing
signal intensity (excitation beam pulse energy) and increases again after passing a minimum, The location
of the minirnum error for the speed of sound and for the thermal diffusivity coincide. The errors at the
minimum are 0.03% and 1%, respectively. The uncertainties for the speed of sound and the thermal
diffusivity decrease monotonically to 0.25% and 5%, respectively. The increased etror for high excitation
beam pulse energies results from finite-strength waves that cannot be treated using the linearized
equations of motion.
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Intellectual property
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The general term for intmgible property rights which are a result of intellectual effort. Patents,
trademarks, designs and copyright are the main intellectual property rights.

Patent

A patent is an intellectual property right relating to inventions — that is, to advances made in a
technical field. A patent for en invention is granted by the government o the applicant, and gives him the
right for a limited period to stop others from making, umngmse]hngﬂ:.emvmumvnﬂlwtpmssnm In
retum fm'dnsnght,ﬂaeapphcantmlstdlsclosehowhlsmvenumworksm sufﬁclentdetml. When a
thmmmhmtmdwmofﬂmpmmhkcmymfmofm apatent
calllbebwght..solc‘l,hcensedormmtgaged

The basic conditions-of patentabitity, which an application must mee¢ before it is granted, are that the
 invention must be novel, contain an inventive step, be capable of industrial application and not be in cne
‘of a number of exchaded fields. Patents are not available for, amongst other things, discoveries anxl
scientifie thebries, mathematical methods, mmmmm@e&mm&
doingtnsiness and aesthetic creations.

Abstract

A concise summary of the invention described in & patent application. It should include all the most
important technical features of the invention. '

Claims

A precise statement in English of the invention that the applicant wishes to protect. A main claim

mﬂdeﬁnemcmvmmlmbmadestfombymchxhngnsmsenualmcmcalm Further
“dependant” claims can then relate to additional features of the invention.

Description ’
Aﬁﬂlmddemﬂedexplanaﬂonofﬂnm@onandhowuwm'ks,ﬁledattheOﬂicetonunaﬁca
pate:nt.apphcanm Thedesmpﬂunmaybeaooompmedbyoneorumdmwmgs

Novelty

If,anappﬁcaﬁonforapatemlswbegrmted,ﬂ:emvemmmustbenoml ’I‘tnsmnanstbatme
invention mast not have been publicly disclosed, anywhere in the world, before the date of fiing of the
patent appélicm (m'bcfmethepnmtydate, ifthe apphcationh,as one).

lnvenuwcsmp

Ifapa;mtfm'anmvenuunts tobegranted,lhcmvenhonmustcmtamanmvennvestep This means
ﬂlalthcmvcm:lm nmstnotbeanobwous develnpmntofwhathas gone before, when considered by
someone who is skilled in the area of technology to which the invention relates.

Specification

The term used to cover the description, drawings and claims contained in an application.
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Intellectual Property Digital Library (IPDL) ,

The Intellectual Property Digital Library Web site provides access to various intellectual property
data collections cutrently hosted by the World Intellectual Property Ovganization. These collections
include Madrid, PCT and JOPAL (non-patent reference) data and support fully searchable information
retrieval and display by users on demand. Access to the Digital Library is available 1o the general public
free-of-charge. The services are operational and are updated on a daily, weekly and monthly basis
respectively.

There are currently two levels of access available: Guest and Account. For users with accounts, a
search query history is maintained across connections. For guest access, click on Search IPDL or Browse
IPDL. and, when prompted, eater:

Usermname: guest
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If you already have an account, simply click on Search IPDL or Browse IPDL and enter your name
and password. To create a new (free) account, click here.
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PCT Electronic Gazette
This database contains the first page data (bibliographic data, abstract and drawing) of PCT
applications published since January 1997. The first page data of applications published each week in
Section I of the Gazette are added to the database, The full-text (image format) of PCT pamphlets is
accessible via the “View Images” button on the displayed front page of hit list cases, (Full-text data is
available fourteen days after publication.)
Madrid Express
This database provides access to data relating to intemnational applications and subsequent
designations that have been received by the International Bureau but have not yet been reconded in the
international register of marks, as well as data relating to international registrations and subsequent
designations that have been recorded but not yet published in the WIPO Gazette of International Mearks.
With regard to the former, users are warned that the International Burean has not yet made a decision on
the international applications or subsequent designations concemned.
JOPAL
This database contains bibliographic details of articles published in leading s¢ientific and technical
periodicals since 1981. Each month, the latest set of data as provided by the offices is added to the
database. :
USPTO P 4%
FEHEF USPTO M3, #R/F1LHE Seaschable Databases, FEATFIBIBAEN T, MXEAL
TR R ERRRRS .
eRIEE:
Patent Grants
Full-text of all tJS patents issued since 1976
Full-page images of all US patents issued since 1790
Patent Applications
Full-text of all US patent applications published since 15 March 2001
Full-page images of all US patent applications published since 15 March 2001
BRI
Quick Search (Two-term Boolean Searching)
Advanced Boolean Searching
Patent Number Searching

USPTO M&HULRHEHE T RN

United States Patent 6 88 945 CEHEEFIS)
Gref , et al. February 13, 2001 (3 85&)

Drive train control for a motor vehicle (5f4& )
Abstract (THE)
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Inventors: (RIRFE)

Assignee: (RUHSELE) .

Appl. No.: (B9

Filed: (Fi#H )

Foreign Application Priority Data (EMASSHH B)

Current U.S. Class: (EEEF Q8 7
Intern’l Class: (BFREFIIES)
Field of Search: (I&¥EEH)

Refepences Cited [Referenced By} (31 FI3CHR)
U.S. Patent Documents (3=E%F)

Foreign Patent Documents (FME%H]) -

Other References GAICHR)

Primary Examiner: (FFZE#)
Attomey, Agent or Frm: (fUELA, fAERFERAE)

Claims (FFTHLE)

Description (#EH)

BACKGROUND OF THE INVENTION (%8 ﬁ‘ﬁ)
Field of the Invention (&{}FEH)

Background Art (AR

SUMMARY OF THE INVENTION (% BRifE)

BRIEF DESCRIPTION OF THE DRAWINGS (HE:AR)
DESCRIPTION OF THE PREFERRED EMBODIMENTS (St {ASCitirasisiig)
THE -PMAETHEHRERRYE, ARXEK, FBRBRTHIAE.

United States Patent 6 202 028
Crane, etal. March 13, 2001

Variable torgue rate simulated test joint
Abstract

A variable rate test joint comprises a housing and a shaft mounted within the housing. A hexagonal head
is provided for coupling a tool to be tested to the shaft. In use a frictional braking tarque is applied to the
shaft. A computer controls the magnitude of the braking torque applied to the shaft as a function of time.

Inventors: Crane; David Q. (Lutterworth, GB); Quinton; Hedley L. (Castle Donington, GB)
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Assignee: Crane Electronics Lid. (Leicestershire, GB)
Appl. No.: 261536
Filed: March 3, 1999
Foreign Application Priority Data
Sep 05, 1996[GB] 9618408
Jul 01, 1997[GB] 9713806
Cumrent U.S. Class: 702/43; 702/41; 702/42; 73/862.08; 73/862.23
Iintern’! Class: GO1L 003/00
Field of Search: 702/33,41,42,43 73/862.08,862.12,862.21,862.23,862.24 303/141,155,167

References Cited [Referenced By]

.S, Patent Documents

3981545 Sep., 1976 Eddy 303/139.

4062233 Dec., 1977 Bonome 73/862.

4150559 Apr., 1979 Levy 73/862.

4669045 May., 1987 Kubo 702/141.

4762007 Aug., 1988 Gasperi et al. 73/862.

5624164 Apr., 1997 Tozu et al, 303/113.

Other References

PCT Written Opinion dated Jun. 10, 1998, Int'l. Appl. No. PCT/GB97/2375.
PCT Written Opinion dated Aug. 27, 1998, Int'l. Appl. No. PCT/GB97/02375.

Primary Examiner: Hoff: Marc S.
Assistant Examiner: Bui; Bryan
Afttomey, Agent or Firm: Marshall, O'Toole, Gerstein, Murray & Borun

Parent Case Text .
This is a continuation of International Application No. PCT/GB97/02375, filed Sep. s, 1997.

Claims -
‘What is claimed is:
1. A variable rate test joint comprising:
a housing;
a shaft mounted within the housing;
means for coupling a tool 1o be tested to the shaft; and
brake means for applying a braking torque to the shaft;
wherein the brake means comprises '

' k¥



a brake shoe assembly actuable by electrohydraulic or ¢lectropneumatic means and being amranged to act
in use directly on the outer cylindrical surface of the shaft to apply a frictional braking torque thereto; and
a computer for controlling the pressure applied to the electrohydraulic or electropneumatic means as a
function of time, being arranged to vary in use the applied pressure from a preset threshold to a maximum
value over a time period which is variable to reflect the hardness of the joint being simulated.

2. A variable rate test joint according to claim 1, firther including means for measuring the braking
torque (.tan.) applied to the shaft and the angle (.alpha.) through which the shaft rotates.

13. A method for testing torque application tools, the method including the steps of:

coupling the tool to a shaft;

applying a frictional braking torque to the shaft by the direct frictional contact of an electrohydraulically
or electropneumatically actuable brake shoe assembly on the outer cylindrical surface of the shaft; and
controlling the magnitude of the hydraulic or pneumatic control pressure acting on.the brake shoe
assembly to generate the frictional braking torque, using a computer to raise the applied control pressure
as a function of time from an initial threshold pressure to a maximum value over a time period which bas
been preselected to reflect the hardness of the joint being simulated.

L3

Description

bESCRIPTION

1. Feld of the Invention

The invention relates to calibration equipment for testing the accuracy and consistency of rotary power
assembly tools for threaded fasteners, and provides a variable torque rate simulated test joint against
which such rotary power assembly tools can be tested.

2. Background Art

THE INVENTION
The invention provides a variable rate test joint comprising:
a housing;

a shaft mounted within the housing;

a brake shoe assembly actuable by electrohydraulic or electropnexmatic means and being arranged to act
in use directly on the outer cylindrical surface of the shaft to apply a frictional braking torque thereto; and

a computer for controlling the pressure applied to the electrohydraulic or electropneumatic means as a
function of time, being arranged to vary in use the applied pressure from a preset threshold to a maximum
value over a time period which is variable to reflect the hardness of the joint being simulated.
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Standards and the International Organization for Standardization

What are standards?

Standards are documented agreements containing techrical specifications or other precise criteria to
be used consistently as rules, guidelines, or definitions of characteristics, to ensure that materials, products,
processes and services are fit for their purpose.

For example, the'format of the credit cards, phone cards, and “smart” cards that have become
commonplace is derived from an ISO International Standard. Adhering to the standard, which defines
such features as an optimal thickness (0.76 mm}), means that the cards can be used worldwide.

Types of standards

Four major types of standards can be cited:

Pundamental standards which concern terminology, metrology, conventions, signs and symbols, etc.

Test methods and analysis standards which measure characteristics; define the characteristics of a
product {product standard) or of a specification standards which service (service activities standard) and
the performance thresholds to be reached (fitness for use, interface and interchangeability, health, safety,
environmental protection, stanlard contracts, documentation accompanying products or services, efc.).

Organization standards which deal with the description of the fumctions of the company and with
their relationships, as well as with the modelling of the activities (quality management and assurance,
maintenance, value analysis, logistics, quality management, project or Systems management, production
management, etc.). )

Management system standards

Recent years have seen the development and application of what are known as “generic manage-
ment system standards”, where “generic” means that the standards’ requirements can be applied to any
organization, regardless of the product it makes (or whether the “product” is actually a service activity),
and “management system” refers to what the organization docs to manage its processes. Two of the most
widely known series of international standards falling into this category are almost certainly the ISO 9000
series for managing quality systems, and the ISO 14000 series for environmental managernent systems.
Wide ranging information and assistance related to these standards and their application is available from
the ISO members, many of which give extensive information through their Web sites,

ISO (International Organization for Standardization)

Founded in 1947, (ISO) is a worldwide federation of national standards bodies. currently comprising
over 125 members, one per country. The mission of ISO is to encourage the development of
standardization and related activities in the world in order to facilitate international exchanges of goods
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and services and to achieve a mutual entente in the intellectual, scientific, technical and economic fields,
Its work concerns all the fields of standardization, except electrical and electronic engineering standards,
which fall within the scope of the IEC.

IEC (International Electrotechnical Commnission) .

Founded in 1906, the IEC is responsible for internatiopal standardization in the fields of electricity,
electronics and related technologies. Its charter embraces all electrotechnologies including electronics,
magnetics and electromagnetics, electreacoustics, telecommmication, and energy production and
distribution, as well as associated general disciplines such as terminology and symbols, measurerent and
performance, dependability, design and development, and safety and the environment,

2 RIEGME
Certification of Conformity to Standards and Quality Assurance

Deﬁmnmofwmﬁcaum

Cemﬁcauﬂnmamcedmebywhlchathudpanygww written assurance that a product, process or
service conforms to specified requirements, (Definition: ISO/IEC Guide 2:1996)

It is distinct from the other systems of proof of conformity such as supplier declarations, laboratory
test reports or inspection body reports. Certification is based on the results of tests, inspections and audits
and gives confidence to the customer on account of the systematic intervention of a competent third body.

The rale of certification

Certification is an asset and an advantage, both for the producer and for the purchaser, consumer or
distributor. It gives an incontestable added value to the product or service bearing its mark.

For the manufacturer or service provider, it valorizes the goods or service, it opens up markets and

For the user, it provides assurance that the product purchased meets defined characteristics or that an
organization’s processes meets specified requirements. Certain product certification marks may represent
an assurance of safety and quality, Certification enables one to distinguish apparently identical products or
services; it offers to everyone a possibility of appeal in the event of dissatisfaction.

Types of cerfification

Product cedification attests that a prodoct complies with the safety, fimess for use andfor
interchangeability characteristics defined in standard(s), and in specification(s) supplementary to
standards where they are requestet by the market.

Organization certification demonstrates the conformity of, for example, anmgmzanonsquahtyor
environmental management system to the relevant model of the ISO 9900 or ISO 14000 series of
management system standards. The different systems of reference are not attached to the performance

level of a product.
Accredited testing laboratories ,
Manufacturers may need the technical help of independent testing laboratories either for developing
new products or at the marketing and export stage. Many industrialized countries have made substantial
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afternpts to develop laboratory networks that provide assurance of the quality of testing services (mainly
in terms of the quality of results on which they base their decisions).

At intermational level, this activity falls within the scope of the International Laboratory
Accreditation Cooperation (ILAC). One of the objectives of this coordination is to provide comparnies
with better access to the services of those laboratories which are most likely to meet their testing needs
and optimize the use of these means.

At national level, there are 2 number of laboratory networks. The national standards bodies may be
contacted for information relative to their countries.

EIRFTHER] M ISO SIS hup:/iwww.iso.ch (B 3.9) mm

EARAHr R RE NI IRE:

EXHnHEZ B4 CEN  hitp//www.cenorm.be
FEEFIENS ANSI  http:/fwerw.ansi.ong
HEWTHEDS BSI  hitp:/fwww.bsi.org.uk
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B39 International Organization for Standardization

¥ ARREHREREE R
ISO 225:1983 Fasteners—Bolts, screws, studs and nuts—Symbols and designations of dimensions
ISO 885:2000 General purpase bolts and screws—Metric series—Radii under the head
ISO 888:1976 Bolts, screws and studs—Nominal lengths, and thread lengths for general purpose bolts
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1SO 898-1:1999 Mechanical properties of fasteners made of carbon steel and alloy steel—Part 1: Bolts,
screws and studs

ISO 898-5:1998 Mechanical properties of fasteners made of carbon steel and alloy steel—Part 5: Set
screws and similar threaded fasteners not under tensile stresses

ISO 898-7:1992 Mechanical properties of fasteners—Part 7: Torsional test and minimtm torques for bolts
and screws with nominal diameters 1 mm to 10 mum
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FA4T RASERRIBNE

R RS RARS S ROAHOR, BREN HK BRSO B RIRMEY
Frissmiae, BRSRCEE A IHRNEE. BEPRIPMES, MARMESSHIR
gFssh, AR RN MER B ME S A e, EEREEHTANEMAMTR
Wb, AT RRENERES, AMUERRINEKERMUEAF, BRI — LR
75, {HRMERIEN R B ISRIEEERATER], UV IEEERE . BEEITRAEA, B
B REER AR R, BERBMAEERINERT. DUBKFEEIRRR, &
SEEGHEEMIUKTE 6. WSS ESEEBIEM AR BIRR A CASNEKTE. DUEKFH
S AFURFE

41 #@® it

4.1.1 #FdARR

- EEREREE R R R AR, WA SRIERRAEN], EENErrE— R
PRTIEF R, FoH7E 1898 SEIRMAY “fFikIE” BBRRRYEN R tRenaik K.

Hep “f5” SRR TR, BHERCCPRES (NS RIEA5e. siitzs
HE, AAAEBARR. X" HUERGERT LN, ASINZNSARKESH
FkIH, BEIERRE. “F” HOECAHERRTE. BRREE AR R AE T,
R LR “F” 5 & B, BT LARIRRTFERHEARMBRRREAE. ZRER
FREtE, BT VBCEEERIEE B A K", BDERRGENL.

[ 1] Although the oil spills have happened repeatedly in the past, significant public concern does not
appear to have been aroused until the Torrey Canyon tanker disaster occurred in March 1967,

ERLmEl AR AR A, 22 H #1967 4 3 B RAbEA) Torrey Cahyon diS YFHCK &
ZEAFIRAMG FELE, )

BRI “not--untl” RNEEE, SR “FH---A" HEXEEWN.

{4 2] In the case of carbon bumning in an oxygen bearing atmosphere, diffusion of oxygen to the
carbon interface must occur before oxidation of carbon can take place.

Th4iHdh: SRESDAHKURERN, L2388 fmt, ARALZN,

BER: YBRAES RSN RER, EREAZH, LT BT L,

BRI AR RER atmosphere —EAMIH KT, SNHEFEATE, THHF L,

[#3) A major simplification in the refrigeration plant is achieved by dispensing with an expansion
machine and using a simple throttle valve to obtain the reduction in pressure.
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FRA MR R R AR ) BT S A AR B R M R L,
B AT R R dispense B SCRAYED, ABOM dispensing with B SCRAER.

[# 4] In the earlier days, for pressure measurement spatial resolutions as well as vibration isolation
were significant problems; however, presently the availability of highly sensitive miniature pressure
transducers with acceleration compensation have made the measurement task simpler and more
reliable,

BEXR, A TEARNERDREFTAMESL R EHEME, HRE BTHT HREEN
BA R HAMEI SRV E SRR E, MNEIMLEARLTEST.

— BT resolution RYEBRILL, BE, P, [HREETSNBRAN resolution F2aigE.

MR EA] LR DA MR RO B R EER), BRI ARERTX
. ETESHECIH—EREEF T RS,

412 #iFeiidsE

LA EATENER,, RS, EREENEE, REHRE AR, BIUERRL
HE. WRBHFUBRERARAR IR, BRRERNINASTE, MU eE—RTat, &
R TR R, BN ZTRE BB AT aEEE. &
BT 1% e I 1
1 RikEg

IR R AR —, SR SR YISAIRTIR . PIEEERRU N AETR,
it HFERR, RIS RERR. BT ERASE, —REEHE S . Bk
R TNES RO, ARSI  B L UEARR S PRSP X R,
2 B

FEARTEIRRER TR, RITEREFIARRERA—EIER, SERXHAER
MEAATRA R, TRENHEN, B8 LUMNETE.

FIAERHIERE SR AR RIA . S RIEAIREEEINES, s
SPGB, NEEANEVRE, RRAMEGRES.

3 BERR

REBEZREN IR MRR AP, B— M SIEAARa e, a4

BrE, —HHEMFSUARAR—PBE, B—FH, BRSBTS SR,

4.2 ZELIESHXILL

0 BRI A BE A AR MDUB R AV AR, T XL A0 TR R
BEEEEXL.

42.1 HEEMf
TR AR R
PEREISEPIIEREDGEF X SHHNTRRE O, RHIGET I RAANGE RN
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B FEE A AR A%, FRES X AELTSmaRsy, —BRA TR RANRL
RiFATEE. B0 ratio—LE#R, temperatre—IRRE, velocity—HBESE.

BAERATL), vehicle A48, (7B — TR FEEEES SRR .

HEF PR E LE I vehicle X DB RFA

TETR, F8 Rl BrFERESEN.

PEHEIASLT vehicle AIE UA:

any kind of contrivance, on wheels or nunners, used to carry people from one place to another over
land (e.g. a carriage, abicycle, asleigh, etc)ameans of transmission

BN matter is the vehicle of energy B RAERGIRIE

a fluid used as a medium for a suspension of a pigment XA
a substance with which the active agent of a medicine is compounded W
any person or thing used as a medium to convey ideas, emotions etc.,

130 @ newspaper is a powerful propaganda vehicle. RARBRIIBAMEETH,

HERSX R “vehicle” BT “TH” H “vehicle” # “TR” Wi LBREFEIIN, &
THEPRR “ TR ” MAIFRATRE, W tool, instrument, utlity 2. Vehicle FEWME N, W
B ERBANOEER, BRAISED sleigh 21/RTF vehicle. Vehicle M. TREVIERA
FEI IS TR AR . A RITE B BE(L T HiZhll. vehicle RAREEME L M
X BRI U BRE SRR B YRR A R A X, XA SR SRR R (LUK
REIGAM, TN AT AR R RS E B R ARG SR, FRES LT AR
PoRBERE .

AFF IR

DOERAMMAES, IAIRRAERAZRIMER, FFRIHEN, TIuBrAr SR
. SSEAIUEMAETFREE. B, RERRSNEF O3, HEEETRENLER
A6F, FrRRE. 7ERNEN AR RDGER IR,

SEERIE

SORPEEEIENE 2R, EEEENT, LIEHEEE—BRTE, DEERNEER
—BEE. EMER—BEEEHEIIALZ .

[ 1] Bronze is a very useful metal.
FHRR—REEHAHEE.
[7) 2] There are two types of beat treatment applicable to aluminivm alloys.

E AT HEEWHAKEF A HH.

[413] Materials with micropores of <2 nm dia can absorb quite large amount of natural gas,

A BB 2 BT AL AR AR 5 A R RA

Rigopr

ETPRE-BENE, GEREERTRE.

[l 41 When ignited, the exothermic reaction reaches the welding temperature within a few seconds.

—B 5B, BMRAEERANAHLZ MBI TRER,

({5 5} In operation the temperature of the rotor, the surrounding case and the liquid inside remains in
equilibrium as the process temperafure changes.
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BATRE, SRR TN, BFRREEE) RR B PR key R A RS,
[ %1 6] Although metals are crystalline solids, this is not immediately apparent when they are examined
under a microscope. ‘
EREBAGE B A B, 2R 8 BABE TN, X4RRE—R TR,
[ 7] Residual tensile stress develops in such local, compressively deformed metal because the
adjacent sound metal does not suffer such plétslic deformations.

B AR AL RAT R B R AH RN T, ERIEREBYHRER[THBATA
oLl Yol

422 1k

1 RAFERES

WEIFEMTEE, RENTFIGENTFARSNSE. ENEAR MEEHE A RIE
o4, $BREGN. BERAY. WEMEST IR GOMENE AL, FREME
MEAAHNENRIER STAZUEY. ZENHFIESIFNUENRGESTARSNE. I
HEBRREREE SN, FORUEIAZFENG]. EEMTE. RNEEEaFRRERNE
BFRES TRAEN, ARSI TSR, T Tari A S8 U T R

(1) SR AR IR R 64,

(2) RSB DUER R4,

(3) WEESHMBIUER 4.

(4) HIBRWEFHNERRDEEEGH, RO SRR .

(5) FEEMRARBIEIER .

[ 8] The WP valve ensures a smooth, laminar airflow over its surface. allowing more air into the
engine.

WP B b4k T A% BRI AL LR, AR E $ 8 AN S,

[ % 9] Much of the pollution caused by cars happens when they change speed.

AE I REGTTRIISME AR TR,

[ %] 10] Surface ships operate at the interface between two media of differing density (water and air),
and are therefore subject to the interaction between them-determination of the most suitable shape is
therefore a complex matter for which there is no comprehensive theory.

AEAMETLEERAFHFIRANR (RPER) WXRGHE, Badd 2 igEs
Ay FARERMEIRIE S BRA-ANRE LRGP, ALF QLA ZSENER,

[5111] A plug-and-play version of the valve, in which electrical and pneumatic connections are

achieved by simply sliding the valve into position and looking it, will be seen next year.
ARG NI E TR B AR A R, 958 F REEA TS AR TRA
LT LT T
[ 32] Then comes the analysis (or computation) of internal forces.
BTRBATA A9 (EHID.
2 ERMMAREF
EENE AR PR ENEREZ AT E L RRTE, HEDUENZEAIRERRRT R
465



IFREE, SEREWEAUL GRENESER, RARRCRN, TRARH, AeiRsR.
PR A I A ER A ROE A, EREHRBIUENIREE.
[ #1 13) Although metals are crystalline solids. this is not immediately apparent when they are examined
under a microscope.
EREBMAJEBRGE K, ALERMETILEN, XFRL—0T AN,
[ £114] Residual tensile stress develops in such local, compressively deformed metal because the
adjacent sound metal does not suffer such plastic deformations.
E AR AR TP AR AR ARBBRES, LEREHNLHHNEREHTHYRT K
RAEAPELT .

4.3 ZFPURICENE

F P PR SN RO, FERAINER. FI . FRBSREA
%.

43.1 N HE R

BT BB — MR RN TEERR N . FERIEEORY, F—EiGL A —FE
MEE . BEEERRRAERIEE.
[ 1) The ferrous metals can be classified into steels, castirons, and wrought irons.
BELETHAN, Sixfls.
[ 2] Since pig ivon and scrap are cheap, and because there is no expensive refinement process, cast
iron is a low cost material compared with steel.
BTLE&FRREARE, XEYRELFOMELE, PR —H R4H
#.
SR HBREFLARRE XY, HEIGERCRMBUER X2 AR —RN. LR
TSR PR BRRCS, A ESCEARR Y SA RS 30 BTeia B Eny
MIENG2EH]. RREER. B FXBEMT I AREHHETF.
N, FEREIEED wm AR AIE, B RS
[ 3] Each term of the Bemoulli equation has the dimension of force per unit area.
AAFF] FRF HE—F G FRAZ B0 14T,
[#]4) The secondterm pv* /2 in the Bemnoulli equation is termed the dynamic pressure.
AR FRPHE R o (28BS,
BIGH: “power” —TAMERIESGRPHIURE, EARIIERAARGHERN AR RE
.
[ %] 5] Power can be transmitted over a long distance.
o R R WA,
[ 6] Fricion canses a loss of power in machines.
B ALMLE 6 o RIRAE.
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[#1 7} Knowledge is power.
=B RAAE, )
A “differential” FRFPERSHIT N, THEVUEHAZE S
[ 8] Fluid flows are described by sets of non-linear partial differential equations.
ARG RS T R AL BB S F B AR,
[#19] ‘The drive train uses two differentials, with one to produce forward and reverse motion and the
other to produce a difference in speed between the two sides.
HHEIHRNERE, —AATEEONOBEES, F-AERMNYRREL.

432 L3 $

BRFRA o B R TSR AR SR X, XA, BIRAEINEEE S A, 1]
L CRART iR 3.

[#110] Rather than the proposed 20-cell design, a smaller 10-cell version was manufactured to kesp
development cost down without compromising technical evaluations.

A T BHARBRILIT BB A R AR oRB AT, BA RERRMAE 20 AT E, MRET A4
R 10 BAMHS,

[#] 11] Each uranium isotope is part of a decay series; when U-238 decays, the daughter element is
also radioactive and decays, producing another radicactive daughter, and so on, until a stable element
is reached.

S A EME AR AR A A, U238 RE A}, A TRARLARMBSH 2L RE,
AT —~RAMEUE, NS T, ABFERTTENIE,

[#412) Carbon dioxide, methane, and gas molecules that have a similar structure may influence the
global climate %y the following mechanism: Internal molecular vibration and rotation cause these
molecules to absorb infrared radiation. .

SRR, T, AR SRS TR TRAERN PR AT
By Feo e f ik i B - F AL MR A

433 it

RIEMNEESHRZE IR LA RALS., Fik, fERet, SrhtiEfameEs
VUESNA, A rHEEEshER A& NS,
1 ¥EREZNR
— R A —MEESNA, TINUERSRMERREE, TUNASNRER. JEP
RS E, EEEHEE. BER. Mas@iEeciak. EIaROERARIGERN TR
e ERIUEFA,
[113] The application of mathematical analysis to the solutions of complex technical problems is
almost impossible,
RABFSM AR L RO ARAFM/LF AR TS, (CHEAREERGEST)
[ 14] Paper filters are used to separate out oil and capture solid particles from hydrocarbon combu-
stion,
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BORITR B A S B ALk R KA R R BT . CRIEMRRARROGESNA)
[5115) Weather patterns determine how air contaminants are dispersed and move through the tropos-
phere.
EAERNRE T A5 2B AL Py HofiE s, GuBBARFRERNESRAD)
[%54 16] The construction of the dam was two months behind.
KON TR T /AR, (EEREARERRERED
2 HWERNIERA
[ 41 17] The two stage turbine features air cooled first stage rotor and nozzle blading.
AP RE TR AR TRt R R A, (GEESARRRIUESED
[ 1 18] This book aims at giving a general outline of the subject.
A$6h B Rk A PR RR, GUESNAERIUEAED
[ 19) Water is at a maximum density at 4°C; water both colder and warmer than this is less dense,
and therefore ice floats.
KA CC HEOERERR, FRAFSEAKERBRENK, SHAARRE, HikSs
A&, CEEBARTRRRDEATD
[{5]20] A standard method for measuring atmosphere SO, may be represented schematically as in
Fig.18.1.

B 18.1 &t —#R TR AT SO, MR ke BB, CRBERIRFHFRIUERTD

434 &FRLNHHER

B FREMDUE AT AR AR, B T ERGEN, ARSI RRE—E
BRSTERS —FERES .
[#121] When traces of metal tnagnesium or cerium are added to ordinary grey cast iron, the graphite
flakes become redistributed throughout the mass of the metal as fine spheroids of graphite.
Sl 4 mB LR G e, AR B XA S B RO B AL ARR T E
oA, (REFHANBE
[£122] A large number of parameters affect the drag or flow around an obstacle.
bW LA XX A BASNSEARE . (BEFREERE)
[#123] There are three states of matter; solid, liquid and gas.
BRAZA: Bk R&FLA. (TEHRAEE)
[ 24] The more carbon the steel contains, the harder and stronger it is.
ML FRE, A, BRELIAR, GRIEFBRTE

435 ¥BEFE )

B TSGR TR T RS, BRI EERE PR, AREEEY
FHEMRSCPRITETI AR EAIE. ARESIPIA RSO ARLR, BAECRETH
W, HEEHE.

1 IAEEE
MR T RA TIEREMESH. RSN, FHERRARNSRIAESHER AR,
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[#125] Creepis defined as the gradual extension of a material under a constant applied load.
A ARMABER LORSEN TR &P R OILL.
[ &1 26 ) A lubricant is any substance which, when inserted between the moving surfaces, can reduce the
friction, wear, and heating of machine parts.
TR, ARESECETRESADZIEN, &R, BABERHR% ®T
A EEH.
[ 5 27 YThe material selected for the components is IN 939, chosen for its good corrosion resistance and
creep strength.
S AR A 8RR IN 939, %R B4R BT AP A BT RR tei e fe B 038K
wA.
[ 28] This form of construction enables close quality control of the component parts and therefore of
the whole assembly.
FR AP SEHH K 4L AR B4R BRAT LR, A XA EREEHAE
R,
[ 29]) Traffic on roads, even when they are complete paved, is also a major source of dust, smoke,
and aerosol emissions.
R EMEHR, RESHERATSMENELT, LALE. B in T 2HH0R.
[%130] The simpiest representation of viscoelasticity is the combined feature of Hookean solid and
Newtomian liquid. The former provides an elastic compent, and the latter a viscous component.
AR AT R BT 0007 3k A B4 L BRI R MR AR S, WRRT
Bita¥, SHRHBT RS E,
[ 51 31] With all these tentative decision made, a lubricant can be selected and the hydrodynamic
analysis made as already presented.
Hleal AR R R R R G, TR AN, TR F RBATIRES S F 047,
2 WIREE :
TRBARN T R3OS R AR R SRR R UE R AT 4 WA
[#]32] An atom is the smallest particle of an element.
RFAAEHR DT,
[ %1 33] Flexible machine elements, such as belts, ropes, or chains, are nsed for the transmission of
power over comparatively long distance.
FHEMS, HelF, RE, IA4L ATOREESARDHHEE,
[ 34] Ventilation is one way of reducing emissions in the workshop, however, you cannot depend
on this alone to solve your dust problem.
B R AR ] 07 Sedbaldd 5ok, A2 RIBE B Mg IR,
[ #1 35] Naturally occurring composite materials include examples such as wood, bone and com which
are based upon naturally occurring fibres of cellulose, collagen and keratin respectively.
RB0 AP Qs mAt. FAPAF, SHSARTFREER, BRRRAAAZGHEA
[ 36] Water treatment is often necessary if surface water supplies are to be available for human use.
Bie g RARA R e, M TR, (supphesn pl HEAWIHRT
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44 WINESNEEDNEE

44.1 EFHESHEEF

AT RENESERERE T, EREEEPERAES, MIEHHaESHEEREE
FRE. BHNEREnESNTREERTUETIES
[#] 1) Metals are widely used in industry.
ek EREBELYL Y,
[ 5] 2] All bodies are known to possess mass.
X el A AR E.
[ 3] Itis generally recognized that light has a vast capacity for ransmitting information.
—RIAK, AAHEEGEERK,
[ 4] The mechanical energy can be changed back into electrical energy by a generator.
AR E BT e A LA A bk, .
[ 5] The raw material is introduced at the higher end and moves steadily down the kiln to the burning
zone,
BN ESETEENN BRI TiE), HEHMBK.
LIGEHERRAEER, BEN RO EEERS TR RIUEREE], DA
IR,
[ 6] The direction of a force can be indicated by an arrow.
SRR e T _
[ 7] Heavy metal pollution, including lead, zinc, and cooper may be caused by corrosion of the very
pipes that carry water from its source to the consumer.
AR, 058, BBt RTRER S TRANAKREESB P 6o A 0 Ak
R A '

FEIEEREREY 1" PR EE, NEEhESEEEOTIERE, KR E TR
PERAFIETE .

WA T .
It is assumed that B, BE
It is found that AMIEH
It is hypothesized 1514
It is known that KRBT REA
It is proposed that —RAR, AARE
1t is suggested that FARY
It is supposed that B
442 HFRHA

P EARERSMEAA L, HPEAEENBENB SUTENIARNER, R
SRR, BRI
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1 HaEE

HiiE all, both, each, every, many, much, always, often 2¥iF}5 not IEBLFRIR I EE .-
[} 8] All metals are not good conductors. :

A BHERAR T,
{%19] Every machine here is not produced in our factory.

EFHME I RERA S wike,
2 BERE )

TERBENRETENRNEY, FREEREIENIA, MESEE MM IENTH
AHELE.
{1 10] 1do not believe that percentage humidity and relative humidity are the same.

HAEEE G Rfofa N BER LA,
3 BXEE

FEPA AR A SRR SR Y, SHARSRENFERALREEY, BELL
BETE]. :

LM AT EE AT LA S

deny, fail, lack, miss, free from. hardly, 'seldom, invain, too-.-to, until, without &5,
[£4 11] Flame-hardening is used on small lots because of its adaptability and freedom from special
tooling and setup.

BT ESFARREEEA LRSS, KEELL LA T ML %,
[ 12] This equation is far from being complicated.

BANFR— B E 5.
4 NWETE

TN EER AN RER—~ M T RERTETE. RETERINEEREEN, BE
RIGENTTRRNESELR, WARREEER.

W R E T SRR .

can't--without, never---without, no---unless, no---but, not(none)---the less, not---until %,
[ 13] There is no grammatical rule that has no exceptions.

A — e AL A ST
[ 14 1The fractures were not discovered until the machine parts were sectioned while searching for the
cause of service failures.

HEAFREARE R BB R T A ST R B

45 K8

PHOOCETESRA SRS, R TR, RRERMMERE, FHASEEAR,. 4T
K, SRR BEXAaTR, SRFREFCUNEESHIAERAR. ARBNENRLS
1%, RSanERESF. BEEKaEN RGN EANUT L, BFEEiri®E,
HANAERERE AU,
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1 MEPREE

W EERRT S, REAAHERIUEA T I ZEs R, —RRRERABUFRE.

[ %) 1} In some mechanical systems there may be internal forces which are proportional to the velocity
with which their poinis of application move and which oppese the motion as in viscous dampers; such
forces dissipate energy as heat.

EXEIRART TRAEF—ERN, REAAHIDFENRGER SGREREH, I
Bk A S R - IdE S, defl BAGHCY
2 EFIEE

YN F AR AT ENF AUERR N, MERIUEN RIS AR T2
SRR P .

[ 2} The simplification of assuming the fiuid to be inviscid may not be made when analysis of heat
convection are undertaken, because the process of convection of heat away from the wall is intimately
concemed with thermal conduction and energy transport due to motion in the fluid layers in the
immediate vicinity of the wall. .

B A A A SR R DR B A8 & B RARE R A BRI AT F s X
it HnARA, APARATRTAS AR, AR R YRR 4 AABER] . (because F11 when 5]
o ol N R b 2 S E g )

3 4%

FHER TR, HEA TR SRS LR, AR bamortt, MESIRERS
.

[ 3] This book is a practical guide aimed at those thousands of practicing engineers who may have a
general understanding of the concept of reliability, but who lack. or have forgotten, the precise
understanding of the language of Reliability Engineering to be able to confidently make effective
practical use of the technique involved.

AR B AR A S G AR TRBRPAX TTERNEALES, ANTRSTER
RMEAE —RMA TH, 2ARMAANTEE TSRS AINGER, IRALET, .ﬁ w2
R FRTAROERA RO BARERR, (HF who FBIFMERATERAD

4.6 EENIHEEF

1 RGIEER MR

BRI EE AR VIR EE, AYREESENTE S K SRR bR
WENEFEMER— 9.

[ 1] Polymers which conduct electricity like metals, and new methods of making them, are set to

revolutionize materials technology.

R AEETHILEGHITREWFL 2N F S EH R ARRS | A X
1. :
[ 2] The balance is essentially a pendulurn which can tilt in any direction.

F AL LR AT ST 4R,
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[#1 3] The cam is driven by a known input motion, usually a shaft which rotates at constant speed,
and it is intended to produce a certain desired output motion for the follower.
ity — A SlotGiE S5, AW RN, AR A MRk
EF.
[$1 4] An interesting feature of the new unit is that it uses a patented method of heating based on high
frequency induction which provides high level of efficiency. )
RERD| A LR ERA T A SR B PO BHME LR k.
[ 5] Fuel consumption on two-stroke engines can be cut by up to 50 per cent with a new low cost
fuel injector which uses the kinetic energy in a column of liquid as its power source.
AR —HHBEALINTHE, TEAELDIERBERRT 2 521, R GHEA
Rainshfete by b .
2 JFRBEERNA
TERRFEEEN G SR BHNE B RAFIHAES 52, RN T AGERRES|
G LRGN
[ 6] Some 200 year ago, an unknown engineer invented the Oldham coupling, which allows two
parallel but misaligned shafts to be efficiently coupled.
X85 200 £9, BRI L TAFER T Oldham BAH B, XA B LB ZA0F
AL LA P o S ROERLS AR R,
[%17] When arigid body has a moticn of pure translation, the resulting inertial force and the resulting
external force have the same line of action. which passes through the mass center of the body.
H B E-F B SN, MR EE NIt S ARAER—£EL, HEHE BRSO R
FP,
[%4 8] The high performance fans located inside the alternator body at each end of the rotor coil help to
keep the unit cooler than previous generations, which only had a single external fans.
B FRAE IR, BT KT 240 75 & B ALRAUA B T ey R 46 T2 2 %,
# = &b RSB T — & B,
AREENDEHREAE. i2b, ROASEEN, XN LERRE.
[ %1 91 These polymer chains when coiled exhibit plasticity, but some, when they are cross-linked, loss
plasticity and become elastic.
XERHRR AL Z DN, fTR R B kW E AL
[ 10] Vibrating systems, whether lumped or distributed, are described by differential equations, and
like them can be classified as linear or non-linear,
FBEHRERREXERSHX, CMEHTRARS FRANE, Fhsh REiLEraE
5 K R e AR W AR R
3 [ which T as 5| BAMFHEIEMR
B which BR as 5| RAURFHER WADERMEM—4518), M 24k BReA 47, A9 which
B as R T4 RN TERERBMAET, which BY as TR “XX”,
[#{ 11} Nowadays extemal treatment of water involves the principle of ion-exchange, which ensures
water of virually zero hardness.
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S KSR B TR BT X RE, AARKGREILFAE,
{112} The increased stress reduces the velocity of sound in the metal, which further increases the
echo time.
AW KARIT B R R AR AR K, S — PR KT o Bk e,
{4113 As has been previously stated, there are certain cases, such as cylinders, discs, curved bars,
in which it is rather more convenient to use cylindrical co-ondinates.
SR AT, AAEBES, ik, BE, ¥, ZAERERRALFE.
[ 5141 As will be shown by test data, the surface strength of steel specimens may be as low as
one-half that of the subsurface material.
WERHARH A, MEAARARETIERA AGRTHHBES—F.

4.7 HEEEAIEE

TR AN I RS, SRR AR IS R AR (iR
¥, BHFEMEIERAHE HWINT -7 0 HEIMR-- -7 WED . FRBERR B AL
BREMERBL R RORIE, R W T " YRR Bl

increase N times 08 “IHIMPIFCEA N A7 B “HNT N—1457.

reduce N times B “WPBIFCER N ” B “BPT(N—1)IN".

R E L AEEZ EIR

toRTER RN RPN F.

by+3FEAE FR B BE I AR

by a factor of N: FERIEIIBIFORA N BB BIFORE 1IN, (Epﬁﬁﬂ]’ N— L {ERET
N—1/ND.

[ 81 1] The cost was reduced to 30% .
AAE, D 8] 30%.
[ 2] The cost was cut down by 30% .
BARBY T 30%.
L1 3] The price was increased by a factor of 2.
MR HE) (RAS) 243, CHIHEET 1465).
[ 4] The new device will reduce the error probability by a factor of 5.
PRA B IR E AR 45, [ RIS (FSRAD US]

[ 53 Suppose a cylindrical tube of the type discussed above is to have its second moment of area
increased by a factor of ¢ while the arca remains constant. Then, since I=7 Pt=AK =2 1 rt (*12)
this requires that r be increased by a factor of ,[p whilst simultaneously the thickness of the tube must
be reduced by a factor of +/p .

fo R fde LR W H A FHRRBHER X o 45, SHREFERERT, NHFL
‘ I=1Pr=AK'=27r(P12)
Toe, r AR Jp & ARERAEBRYHRRGY Jp .
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RS R iR SB P — ORI EGE e T REE, .
Order of magnitude 4K,
of the order of 290
within a factor of ten  ZE— BRI E A
[ % 6] Either the inertial force or the viscous force, or both, must be of the same order of magnitude as
the buoyancy force,

BAERMBRARE RS, AEZREN-F, FXIRLEFES L~ HEL.

®x ¥ X & 3

1. Assumptions afid approximations

Exact solutions for stress, displacements, etc., in real engineering problems are not always
mathematicalty possible and even those that are possible can involve lengthy computation and advanced
mathematical techniques which are not necessarily justifiable. This is because we seldom know the exact
conditions of applied loading on a component or structure for its expected working life, and the materials
used are not wholly predictable in behavior. It therefore becomes necessary and desirable mm most
engineering problems to make some simplifying approximations and assumptions, while not changing the
basic nature of the problem, will allow a simple solution and an answer which is not too far from the truth.
It is important, however, that any approximations or assumptions are clearly stated at the start so that the
reader may assess the validity of the answer in respect of what might be the exact solution.

Some of the problems to follow are in general not statically determinate but, with some realistic
geometrical limitations, they can be solved purely from equilibrium conditions to give answers which
although not exact, are reasonably accurate for the purposes of engineering desigr.

2. Stress relieving

Most iron castings have internal siresses when they are released from the mould. These stress not
only reduce the strength of the casting, they may also cause it to warp and distort during machining,
Traditionally, machine beds and frames which were required to be dimensionally and geometrically
stable were “weathered”; that is they were rough machined and left out of doors for a period of time
varying from months to years. The continual changes in temperature caused diffusion of the internal
structure coupled with continual expansion and contraction. This resulted in the release of the internal
stresses .and allowed the casting to warp to theitr final shape so that, after finish machining no further
distortion took place.

Nowadays, castings are more like to be relieved by soaking them in furnace at (approxi mately)
550°C for 2 pertod ranging from several hours to several days, depending upon the size of the casting.
Very slow cooling foilows the heating. Thus the temperature for the stress relief of iron castings is very
much lower than that for the whole annealing of steel castings and forgings.
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weather B

annealing iRk
3. LeamnIT system

We describe LearnIT, a computer program that can observe an iterative solution to parametric

design problem and learn the strategy employed. When the design requirernents change, the program uses
the learned strategy to automatically generate a new solution in the “style” of the original. The program
uses a specialized instance—based leatning method based on observation the iterative design is often a
form of debugging—each iteration is an attempt t repair a particular flaw in the design. ‘Thus the program
learns the design strategy by observing what actions are taken in response to each kind of flaw.
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FESE PERIXEE

LRAMBEHPFHARBNEEER, REAB RS T LATRY T
Z—. MERENSBAGLERR, RENHETFESSERRONLBREBS, ¥
FRIEB AL XE SR N TAE G IRE. F2ERE A IR
B F RS MR

51 BXHARTS

EfELASR, REMERNIECASBN RN EFE S THE, —SBE
RIEARSETIN BT IR RSO BRAER . HEE, —BRSRBTI2ERBGe S =B AR,
WE. ESC B, BHURMBRERAM.

I The Proceedings of the Institution of Mechanical Engineers 3415 3CRIP 2N FE Bk
T

The preferred order of contents is as follows:

1. Title of paper.

2. Author (s) name (s) and business address (es).

3. Synopsis of not more than 200 words: covering the aim of the work, methods used, restlts
obtained and conclusions reached, keywords for information retrieval purposes should be indicated.

4. List of notation in alphabetical order, defining all the symbols used in the paper.

3. Body of the paper: organized into logical sections sequentially, numbered with no more
than two grades of subheadings.

6. Acknowledgements.

7. References in the order to which they have been referred in the text.

8. Appendices.

9. Tables: these should be numbered consecutively throughout the text.

10. List of captions for the illustrations, which should be numbered consecutively throughout
the text; both line drawings and photographs must be included in the same numbering sequence.

32 KFEHNRE

i 2
FERE—RIECAEENE—R, FEMZSIAEBUESIEE, EREENLEF
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HERMIEXHFERE. SHREERM: (1) The most precise words possible. (2) Words
that indicate the main point of the paper. (3) Words that lend themselves to indexing the subject.

CBE Style Manual X588 ERE T TRRN:

The title should be as informative as possible within the limit of length, which should be
stipulated by the journal in its information-for-authors page. A title should be straightforwardly
descriptive and eschew hyperbolic rhethoric. The title should start with a word or term representing
the most important aspect of the article, with the following texrms in descending order of
importance, if possible. Standard terms for formal scientific nomenclatures should generally be
preferred to common or nonstandard terms.

w =

WEMERR: (1) To show the reader very quickly whether the full report is valuable for
further study. (2) To be extracted {abstracted) from the full report for separate publication. (3)
To furnish terminology to help in literature searches by individuals or by literature retrieval
specialists for indexes and computer banks.

HFEBLX BB R, The abstract must be a short, concise, but self-explanatory report on a
scientific investigation.

R AN The abstract must include (1) The research objective and basic justification for
conducting the investigation. (2) The basic methods used. (3) The results and significant
conclusions that can be drawn.

HEMHCE Most journals specify that the abstract should not exceed 200 to 250 words or 3
to 5% of the length of the paper itself and the form should be one paragraph,

CBE Style Manual 3 5 {ER M T REN

Abstract

The content and sequence should accurately and objectively represent the text and include the
major elements of the method, findings, and conclusions. Abstracts of researéh reports should be
informative (ANSI1979), giving specific summaries of all elements of contents. For reviews and
other similarly long and wide-scope articles, abstracts have to be indicative (ANSI 1979), simply
sketching out the topics of the article and not summarizing evidence and conclusions.
Abbreviations should not be used unless they are understood when standing atone. Abstracts should
not include bibliographic reference or tabulated data.

In general, abstracts should be single paragraphs and carry no subheadings. It should be no
longer than the length limit stipulated in the journal’s information-for-authors sheet.

B

(611] XR—RUIRBASELERERRIARERCHHE.

Prediction of natural frequencies for thin circular cylindrical shells

M N Naeem and C B sharma*

Department of Mathematics, University of Manchester Institute of Science and Technology,
Manchester, UK

Abstract: In this paper an analytical procedure is given to study the free-vibration
characteristics of thin circular cylindrical shells, Ritz polynomial functions are assumed to model
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the axial moda! dependence and the Rayleigh-Ritz variational approach is employed to formulate
the general eigenvalue problem. Influence of some commonly used boundary conditions, viz.
simply supported-simply supported, clamped-clamped and clamped-free, and also the effects of
variations of shell parameters on the vibration frequencies are examined. Natural frequencies for a
number of particular cases are evaluated and compared with some available experitnental and other
analytical results in the literature on this topic. These results are given in the form of tables and
figures. A very good agreement between these results of the present analysis and the comresponding
experimental and analytical results available in the literature is obtained to confirm the validity and
accuracy as well as the efficiency of the method.

Keywords : cylindrical shells, variations, boundary conditions, Rayleigh-Ritz method, Ritz
polynomial functions, natural frequencies

*Corresponding author : Department of Mathematics , UMIST, PO Box 88, Manchester M60
10D, UK '

BHEXL |

R 1 o T TR s 3 2 P T

WE: ARG —FPIRERI M5 A BRI, AR RE TR RN
BB R, AN RS EWE RGNS, CPPIR T &% RN
MFEG, BPRENX, BER-BeER BER—EhE URFSEEEEIL R
R, N —EEERE FNEERIERETIHE, H SRS RURE SRR
BRP M SRR T A . RESRSMERERS N . FXMARABN RS
AR H A s R S 1010 EF, RIIA SO B M U T 4R

XRE: BRIEEE, b AREE AR, BERSHRRN EAHR

53 ExMERNSHE

FRERFHBTHE PR SRR DI IR &AL 3L (research report).
B BMIESCEE Introduction, Methods and Materials, Results, Discussion %584y, &84
HIZHREINT -
Introduction
Describes the state of the knowledge that gives rise to the question examined by, or the
hypothesis posed for, the research. State the question or hypothesis.
Methods and Materials
Describe the rescarch design, the methods and materials used in the research (subjects, their
selection, equipment, laboratory or freld procedures), and how the findings were analyzed.
Results
Findings in the described research. Tables and figures supporting the text,
Discussion
Brief summary of the decisive findings and tentative conclusions. Examination of other
&0



evidence supporting or contradicting the tentative conclusions. Final answer. Implications for
further research.

RIEGEICH B MBRN BIEE PR RE MR AR, RASRBIEER AR RRE
e M. XHESUNRERR, —RRRILHSENET = m, —R/IEXER,
“RWRNFE, —RIeCRENEGETR. RERNSCBEENRCIERSER, B
AR EAE . BEOE SCER A B VERI B S RHE TR R 7, 1EBhE S Ee, B,
SRS, BENEASEE.

NTEBEEER, AEEREERUTLL:

(1) FEEXFARIEMNSHANEYE, SEHA—TEAFEL. KRNEBERAE
2R A—BBIN%, WREDIFEE, MWEEDS RN RRF .

(2) BAESK, 8—-BARE—{RE.

(3) B—MRRE—MER. FEEEZHNEZE—MITE, HRERBEM,

(4) RBERMRORAMEE, BERIRELNOR SGATREN, SASEN. @
AR RIE . PanRRRF ] A expect, HLA]F anticipate, fHLARA expect HiF.

(5) BHREXTE KRNI RGNS, WETRERR.

(6) MCPHEEMS, HAKRZERAR—MARR, RIS XTPRLERLE.

(7> RIESFERSEERER N TFREEEXR, S0TE.

| WTAEEARNSATTAR
x ®R - I
I#* also, and, apart from, as well, besides. equally, finally, first (second, etc.), firstly. in addition,
in the same way, last, lastly, next, suchas .
B # as, asaresult, because, consequently, for thisTeason, since, so, therefore, thus, then
7 briefly, finally, in brief, in conclusion, inshort, in summary. to conclude, to summarise
‘Stkeakiks | again, alternatively, although, at the same time, but, compared with, contrary to, even though,
even if, however, in any case, in contrast to. in spite of, instead, on the contrary, on the other
hand, regardless of, still, whereas, while, yet
i | for example, for instance, in other words, to illustrate, thatis, suchas
AL, o
5S4 ¥ R & &
) g

EMBGREE RS AR SR —RAEN, REVEEMESD. WRETRH
ARETHL L FIBLTESE e .
61 1] A fatigue failure begins with a small crack. .
[#12] A great deal of research has been devoted to a study of the mechanism of fatigue, and yet
there is still not 2 complete understanding of the 'phenomenon.

SIATAERANS SR S A RER, ERETES, SRERDAMEREE
RIUAFUREM. B, R, BN,
£lhiEA
. 61



B ARKEEMR f 188, HFr KR iRRnRAR:
unless (=if not), providing (that), suppose (that), assume (that), onlyif, with, without,
so (as) long as, %,
[ 3] If a bar is subjected to longitadinal tensile stress, it will extend in the direction of the
stress and contract in the transverse direction. .
[ 4] Lead is virtually unaffected by air and moisture and so is pure alumipium providing it has
. been correctly pretreated and is regularly washed clean.
[ 4 5] Hydraulic systems have many advantages, such as high power density, but are difficulty to
control without considerable loss of energy.
[} 6] In this book the values of the thermal conductivity will be given in SI units unless noted
otherwise.
[ 1 7] Only after the liquid has been heated sufficiently will the vapor bubble travel ail the way to
the liquid surface.
#rEE
[ 8] Let’s refer to Fig. 5.6 in order to understand the reasons for this increase in hardness.
{ %191 Remember that thermoplastics is that group of polymeric materials that can be softened
every time they are heated.
[ 10] Note that the act of holding x constant means that C1 and C2 can be functions of y.
[ %] 11] Suppose that the flow in the non-turbulent region is imrotational, as is usually the case in
the examples that have been mentioned.
I R ERINGH
B IGEEERERREMHAL, ERHTAER: Papers should be written in the third
person in an objective, formal and impersonal style. FILLE Tt AR 15 A P A B4 U AR
. “
It+is+3&iE+to FER
K+is+ FifF +that \F),
% B FFEA seem, appear, become, prove.
" [ 12] 1t is necessary to be familiar with the assumptions used in any analysis.
[ 13] It is very important for the designer to develop a “feel” for stress concentration so that he
will know intuitively when it exists and what to do about it,
LIz
BERSGERHE SRR, ERRMATERNERT, B XEENEFRASE
BEEA, THAEET —HEANARER.
1 R HRgaRENa
[#] 14] By adupting a radically different geometry,a new, low cost sensor is able to measure
yawing—twisting about a vertical axis—to an accuracy of 0.2%s.
{# 15] Before writing the equation of motion of the linear system, it is necessary to investgate
the preloading of the retaining spring. '
[#1 16] When the temperature of a piece of material is changed, its size will also change, and
when expressed non-dimensionally this is termed thermal strain.
62



2 REEaRAERREERERENAG

[ 17] Siress concentrations caused by sharp comers, sudden changes of section, or undercuts
are all classified as “incipient cracks” from which a fatigue crack may spread.

144 18) However, in dynamic applications the low component cost is often offset by the high
maintenance and repair costs caused by the material’s static and dynamic friction properties,
coupled with a wide difference between the two values.

3 HRMARHER
HAESNHB NP EB—HTHERINT T RS, LA,

[#119] With all these tentative decisions made, a lubricant can be selected and the hydrody-
namic analysis made as already presented.

[4120] Not only can base elastomers be treated, but also fabric and fibre-reinforced, metal-
caged and bounded components.

4 RN ER
HRIFMDHEE S AR ZEHERHBBIESAER e iy, ATPE be THW.

[#21} Although primarily researched as a sclution to the problem of repairing subsea oil
installations, the core technology could be applied in many other industries.

[#122] Aleady proven in the telecommunications industry, the technique now looks set to
revolutionise electronics and electrical circuitry m cars,

5 RAEEE

FEA WY USRS EIEER, XRUENIRER, ERYEEAFEMULM
2 e iFed R, Plin: isotope dilution assay results; angle steel pylon system £,
Bt iR, FAEEREe S, ERe S (Avoid noun clusters).

55 AR

Bl 3 3l Introduction, Methods and Materials, Results, Discussion 218, &4
RNARE, BEFTEMERRE, 2P44NERS0BEANH— SERNMR.
5w '
#E Introduction FEPLAFFRMT R, JIERRERNIATHR. XEHELLMBANT
fE. BERAMIEREE.
[# 1] Attempts have been made to simulate polymer structure and its creep and recovery
responses by mechaniczl type modelling using two principal elements.
[$12] To date many technologies have been developed to reduce the surface friction of elasto-
meric components, all with their own set of disadvantages.
(%9 3] During the last few decagdes the theory of dynamical system has experienced extremely
rapid progress.
£ X
RFIRICP MBS, NZEEFERAARR 2, XRFESHEMNEX. B
HITA
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. iS s
- is defined as -
==+ is called ---
[ % 4] A power screw is a device used in machinery to change angular metion into linear motion
and, ‘usually, to fransmit power.
[ 5] The critical cooling rate is defined as the slowest coohng rate (qucnchmg rate) which
will produce a martensitic structure throughout the mass of the steel.
SRGHR
AR, FLIEMERILE, AETMENFHAR. HRENRE.
There are +++ types of -+
There are --- kinds of -
There are *-- sorts of «-
There are - classes of -~
-+ can be classified into -+
+= can be divided into +-*
*+ can be categorized into -
can be grouped into -+
[ 6] The Curies classified the radiation form radium and polonium into three types, according
to the direction of deflection in a magnetic field. These three types of radiation were called aipha
(), beta (B), and gamma ().
FRERMOBRMRE, HHNE.
a5 *** A8 - '
notas ** as -
L 2% +than :
- (be) superiorto
=+ (be’ inferiorto ---
[ 7] Large components do not cool as quickly as small components and may not achieve the
critical cooling rate necessary for maxlmum hardness.

FRIH
FARF AN RMEWREE, —RARIARMREE, M.,
by -
with -+
theoretically
statistically
empirically -
I8 8] Materials selection for high-temperature apphcatmns is alded by deformatlon mechanism
diagrams since they provide creep information plainly and succinctly.
[# 93 Flow is measured by pressure drop across an orifice and the pressure drop is measured by
a silicon diaphragm differential transducer.

o4
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KBRNER _ :

RGBT RBHIE XM ESF Z—, EEAVII AU S BA B A ER R,
R E RRE RN . SR EN A X B R, e3chE
oo B R R System International (SI) units. 2R T 3.

Table 5.1 SI Units for Mechanical/Electrical Systems

Quantity Symbol - Unit Abbreviation
Length ! meter m
Mass m kilogram kg
Time ! second sec
Enerpy e joule J
Force F Newton N
Power P watt W
Charge 0 coulomb C
Current Tori ampere A
Voltage Vorv volt v
Resistance R ohm Y
Capacitance C farad F
Inductance L henry H
Temperature T Kelvin K

[#110] All aluminium alloys lose strength rapidly at temperature above 150°C and the speed of
Concord, the civil supersonic transport, is therefore limited to Mach 2.2. This corresponds to
saturation skin temperature of about 125°C,

#1111 A reduction in vehicle weight results in fuel savings of about 7% in the city and 4% on
longer journeys.

[ 12] Recent trends in pressure sengors include the development for an array of 100 pressure
sensors on a single chip of the size of 0.5mmx0.5mm.

BRMA
ERERIT R T BN % A EENE R R NIRR.
TR — R R R AR T

T bl . Li L] r Li
02 -
[ R]

[J .13

L v | A i L L A H
e = = -
P

Fig.5.1 Spreading Velocity v, as Function of 5 Found from the Exponents A, (r),
The dashed line Is a fit with oy =ap—b with a=0.24 and »=0.56
[van de Witer and Bohr 1993]



[ 13) FEHW
Table 5.2 Typical Gray Cast irons

Compositions (%)
Applications
c i Mn hy P
3.30 1.90 0.65 0.08 0.15 Motor vehicle brake drums
3.25 2.25 0.65 0.10 Q.15 Moior vehicle cylinder blocks
3.25 175 0.50 0.10 (.35 Medium machine castings
3.25 1.25 0.50 0.10 0.35 Heavy machine castings
3.60 1.75 0.50 0.10 (.80 Light and medium spun cast water pipes
350 275 0.50 0.10 08 Ormamental castings requiring maximum
fluidity but only low su-cng;h
N ¥
FERSUVERAT ARG R, FEEsORESHR. WA ARNELE T3
o2k
Fm B AR R
suppose, assume
ForREERIE AT
find, follow get, give. obtain, produce, resultin, yield.
R A% AL
" form, manner, means, method, way.
F TR N BRI
rearranging .
by analogy to
with respect to

FHES—BE, R A HARNESTR, REREE LERIAT
Iz .
The equations of equilibrium for an element of materials are
4o, ,0,~0, _

0 5—1
dr r ( )
and since @, is constant
do
=0 5—2
dr ( )
The strain-displacement eqguations are
du
E = — 5_3
s (5—3)
7
£ =2 —a)

r



dw
g: e
dz
The stress-strain relationships are

(5—35)

g v du
g =—tm—(G,+0,)=— (5—5)
" E E(" ) dr
-9 VvV =X 5—7
A = E(c:rz+cr,) - _ , ( )
o,V dw
=—+—(0, +0,)=— (5—38)
&= E(’ 7 dg

differentiating eqn (5-—7) with respect to r gives
E[du u]_do‘, _, 4o, _ do

——— —— — 3 La

dr r -

dr dr dr

r

Substituting for du /dr and u /r from eqns (5—6) and (5—7) and symplying,
1+v do, do do

—_— —_ = & _ i, r
. (o, —0,) 3 Vdr Vdr —9

Now, since £,=constant, de, /dr=0 and differentiating eqn. (5—8) gives

do, =v( do,  do, ] (5—10)

dr dr dr

Substituting into eqn. (5~9) for do,/dr fromeqn. (5—10) and (0, —&p)r
fromegqn. (5—1) and simplying gives

(l_vz)[i'}_J,E‘.&):o G—11)
_ dr dr

From eqns (5—11) and (5—12) we se¢ that dcy/dr=0 and therefore &, is cnstant through the wall
thickness. Integrting eqn. (5—11) shows that '

(o, +0,)=constant = 2A (5—12)
Eliminating 0 between eqns (5—12) and (5—1) gives

do, , 20,-24 _

. - 0 (5—13)
From which, multiplying by %,
o, =A-5 (5—14)
and from eqn. (5—12),
| Op= A+ (5—15)

r

Where A and B are constants which may be found using the boundary conditions. It will be noted
that these equations are the same as equations in the previous chapter, which confirms that they
satisfy the equilibrium and compatibility conditions.
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Text Citation. Within the text, reference should be sited in numerical order according to their
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Example: .

It was shown by Prisa [1] that the width of the plume decreases under these conditions.
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works by numerous authors should include:
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the construction of VR environments, different three-dimensional modeling methods are analysed in
this paper, and the authors report an effective methodology to construct virtal manufacturing
environments, A three-dimensional surface reconstruction system, based on image analysis, forms a
new approach to data acquisition and promises to be a competitive technique for VR applications.
This three-dimensional surface reconstruction system integrates the binocular sterco principle and the
shape from shading technique. Experimental results are encouraging and the performance of the
system has been evaluated by simulation procedures.

Keywords: virtual manufacturing, CAD, reverse engincering

NOTATION
b displacement between two cameras used for obtaining the image pair
I focal length of the camera
Iy incident intensity of the point light source
¥/ image coordinate system
ky constant diffuse reflectivity
N surface normal
D g parital derivatives of height Z with respect to image coordinates
Dss Gs partial derivatives of the light direction
= (X, ¥, Z)T coordinate vector of a point relative to the world coordinate system
Fleo = (Xs Vs z)T coordinate vector of a point relative to the image coordinate system
Ry roatation matrices between the image coordinate and the world coordinate
Tico translation matrices between the image coordinate and the world coordinate
Wes world coordinate system
X=X, pixel shift at a point between two corresponding images
z={(x, y) surface funcition of the object
e(x) Heaviside function
A . Lagrangian muitiptier used to enforce the constraint of surface smoothness
Ex,y) reflection coefficient
02w thresholds

1 INTRODUCTION

The exciting new technology of virtual reality (VR) is being increasingly employed to
improve and the reduce the costs in design and manufacturing. The great potential of VR is that it
can provide a virtual environment in which a user can experiment with different design and
manufacturing techniques. Unlike most simulation systems, which replay a predetermined sequence
of the design or manufacturing process, the VR system allows the user to follow their instinctive
idea to complete a design or manufacturing process, and allows the operations to be performed on a
workpiece in real time. In a VR system, for example, components of a product to be designed can
be merged or split, and workpieces to be cut can be fixtured on the work-table of the machine tool.
Therefore, rather than being just a simulation of the process, VR can provide much more support
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for the design and manufacturing process. However, this places a heavy demand on the geometric
modelling task in the virtual design and manufacturing system, and building an environment around
a particular system continues to prove one of the most difficult development problems. For instance,
a replica of-a factory floor with its machine tools and supporting equipment could be modelled on a
computer aided design (CAD) package. Each item would have to be individuaily created as a
three-dimensional model and merged together to form the whole manufacturing envirenment. This
accounts for a significant portion of the overall process.

Therefore, it is a challenging task to create a completely new virtual environment and it needs
support from efficient three-dimensional modeling methods. Most of the current virtual CAD/CAM
{computer aided design/manufacture) systems use a “synthetic” virtual world that is based on
advanced computer graphics and realtime simulation techaology [1-4] as their virtual environment.
The first step to set up a virtua] “synthetic” environment is to make a copy of the real world. The
process of building a virtual environment is shown in Fig.5.2 In each loop, the system gathers
information about the enviropment from sensors, such as a mouse, spaceball or camera, and
processes the input data to form the shape of the object and update the VR environinent.

Next object
v
Reading sensors '
v g
Input data processing
¥
Object reconstruction
¥

Update environment with new object

Fig.52 A Virtual Environment Buflding Process

Current commercial VR software provides powerful VR functionality but may fall short of
creating the new VR environment. The shape information of a new object has to be built by other
CAD software, such as Pro/Engineer or AutoCAD, in a standard CAD format and then translated
into a virtnal object in a VR system. An alternative method is to use virtual reality modelling
language (VRML) to download existing three-dimensional object models from three-dimensional
shape libraries by Internet. Using a CAD system to define the required three-dimensional shape can
substantially reduce the shape building work, but building a virtual world stili requires significant
time, espectally when CAD libraries are not available. The most g::neral demand of a VR system is
to make users fee] that they are a part of the environment and can easily interact with it, i.e. provide
an immersive capability.

The appreach to building a VR environment should ideally be:

1. Fast. It should catch and build the object quickly and meet the real-time requirement.

2. Automatic. The process should be abie to extract all the shape information without input
from an operator.
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3. Versatile. The method should not be limited to simple geometries but should be able to
handle complex items.

4. Accurate and efficient.

Different three-dimensional modeling methods, such as CAD/CAM system-based methods,
three-dimensional scanner-based approaches, magnetic sensor-based methods and image-based

| approaches are analysed in this paper, and the anthors réport an effective methodology to construct

virtual manufacturing environments. The main aim of the methodology is to extract the geometric
information from a three-dimensional object and transfer this information into the VR system. The
new three-dimensional surface construction approach integrates the binocular stereo principle and
the shape from image information technique. The experimental results are encouraging and support
the development of VR technology and its applications into the manufacturing environments,

2 THREE-DIMENSIONAL SHAPE CAPTURING METHCDS

Several methods which can provide a guick means to construct VR envirenments are being
considered. ‘
2.1 CAD/CAM system-based methods

An integrated CAD/CAM system allows users to design the manufacturing process as a
unified model representation that sﬁpports the transfer of the model between software systems.
Feature-based methods are used by most of the current CAD systems. The feature extraction and
recognition method analyses the geometry and topology of the existing CAD model and attempt to
classify geometric features of the model as different manufacturing entities {5]. This method is
" limited to the existing CAD model. Staiting with a simple shape, features are added or modified to
refine the model. This approach speeds up the model creation process because previous designs can
be used as the basis for new models. However, this restricts the user using new features to define
the model. It will also take a long time to build a new VR environment from the start if an existing
CAD database is not available. This has forced researchers to look to other emerging technologies
when forming an immersive three-dimensional environment [6, 7). '
2.2 Three-dimensional scanner-based methods _

The three-dimensional laser scanner is a populer and accurate method of recovering
three-dimensional data from an object. However, its capturing process is slow, becanse it scans the
surface line-by-line and point-to-point. The high energy light source also needs to be treated with
care. .

An alternative approach to three-dimensional shape capture is to use tactile methods that
measure the surface of an object by the touch of mechanical arms. The relative corrdinate positions
are determined by the sensors in the joints of the arm, which can be supported by robotic devices.
This method is accurate and reliable but the slow speed is a disadvantage [8].

2.3 The magnetic sensor-based technique

In the magnetic sensor system, a transmitter is driven by a pulsed d.c. signal, as shown in
Fig.5.3. The sensor measures the transmitted magnetic-field pulse referenced to the magnetic
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transmitter. An electronics card controls the transmitting and receiving elements and converts the
received signals into three-dimensional position and

orientation measurements. This method supports Tmf’:mm Sensor

realtime measurement with high accuracy, but its _ y

disadvantages include the touch measuring process with mf Pms:aéﬂ'lng

wire and sensor, limited captured points from the Eicctronics | | Hectronics

sensors and the limitations of the magnetic-field that is

applied. ] ’ Electronics Unit

2.4 Image-based approaches v
Inage-based methods have the special features of 3D data

noncontact measurement, low energy and capturing all Fjg53 Magnetic Sensor-Based Technique
the surface data at the same time. An ultrasonic

image-based method is shown in Fig.5.4. The ultrasonic imaging systemn consists of a transmitter,
an ultrasonic receiver array, and an object to be recovered. The three-dimensional surface of the
object is defined by . .z

. ¥
fxy,2)=&(x, )& (x,y)~2) Toomios - v —
Therefore, the three-dimensional shape of the object can be \/’ o o ;:,

reconstructed from the observed pressure of the scattered <

wave at specific locations and time t9]. __// e d o Ly
Even in dark environments, the images of an object .

can be obtained by the ultrasonic system. However, it has Ot °

seldom been used for surface reconstruction because the
following factors lower the resolution: leng wavelength,
limited number of receivers, attenuation due to propagation through air, and the non-lmear response
of the ultrasonic receiver. An alternative way is to use charge coupled devices (CCDs) or digital
cameras as the sensors to capture the image, and apply the appmaches of image processing to
Tecover the object information. . -

The methods of three-dimensional shape reconsi:mcnon, based on vision information from a
CCD or a digital camera, have received considerable attention and various methods have been used
to capture the three-dimensional depth information of objects from their two~dimensional digital
images [10-13). These methods can be divided imto two groups: photometric sterec-based and
binocular stereo-based. The photometric stereo-based techniques use images of the same scene with
differegt light source directions. If the surface reflectance properties of the object are known, the
local surface orientation and the height of illuminated points can be computed by the techniques of
shape from shading. One of the important advantages of this method is that it does not suffer from
the correspondence problem, which is referred to later in this paper. It has been used effectively by
the authors in reverse engineering applications [14]. Unfortunately, as the images are captured at
different times, this approach cannot meet the needs of real time in a VR system. The binocular
stereo-based techniques extract the depth information from intensity images acquired by two
cameras at the same time; the two cameras being displaced from each other by a known distance.
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The key to this method is to determine the point in one image which corresponds to a given point in
the other image, namely the comespondence problem. A significant amount of work has been
carried out to solve this challenging problem, but the results have not been satisfactory [11],
because time delays hinder real-time applications. The techiique is also limited by the sparse
(feature points) depth information which it can provide,

This paper outlines an approach to overcome these problems by integrating the information
from the shape from shading process with the binocular stereoc-based techmique. The
three-dimensional shape information of an object is recovered from the key feature points extracted
by the binocular stereo-based method and the shape from shading method reconstructs the surface
of the object.

3 THE SHAPE FROM SHADING METHOD _

In order to describe the difficulties in recovering a three-dimensional shape from an image, it
is necessary to understand the nature of reflection from an object and the associated image
information process. Most implementations of the shape from shading module assume a
Lambertian surface, which only considers diffuse reflection from materials with a distance point
source. ‘

Given a Lambertian image, the image irradiance equation relates the intensity of an image
point {x, y) with the surface normal N, as follows [10]:

I(x, )=R(p, )=k, I L = N
k1, 1+ pp, +4q, _
J1+P gt 14+ p? +
Shapeﬁ'omshadingbyﬁsingleinmgedoesnotpmduceaocm‘ateresu]ts.Thesurfaoenormalax
each point is represented by two numbers, p and ¢, the two variables representing the surface
normal direction at each point cannot be computed by using one equation. Boundary conditions and
local constraints based on reasonable assumptions support the most common reported solutions.

A direct formulation of the shape from shading problem, with a smoothness condition on the
surface, is stated in the following minimization problem:

H{ ll{x' N ~kyl, 1+ pp, +4q,
a

(5—16)

2

1+ P +q* 1+ p* +¢?

+2(p, ~¢,)* Jaxdy - min 5—17)

where p,=g;. Therefore, p and g can be computed by the iterative scheme from equation (5—17),
as follows {10]:

p; =7+, - R a)R, (2,90 (5—18)

g =7; +All, - R gIR, (2.4) (5—19)
where

S | - 1

P=E(Pm1 +Pia)s d =E('?1+:}+Q.i—u)’
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Unfortunately, even for ideal Lambertian diffuse reflectance, this model has practical difficulties in

achieving an accurate solution for three-dimensional shape recovery. However, the shape from

shading process can converge to a unique solution when the boundary condition is available. The

binocular sterec-based method can be used to find this information.

4 THE SHAPE FROM BINOCULAR STEREQO METHOD

5 THE INTEGRATION OF THE BINOCULAR STEREQO AND SHAPE FROM SHADING
METHODS )

ssssss

7 CONCLUSIONS

Many of the ideas and technologies of VR are still being researched, but progress suggests that
VR technologies will play a key role in future design and manufacturing application. The initial
results from the suggested method are encouraging and support VR environments to be constructed
with little expense and effort. The approach described in this paper is still under development in the
following directions:

1. To develop an automatic process system to link a group of images in order to form a whele
recovery shape of an object, because the pictures taken from one angle can only be used to recover
the visible surface of the object.

2. A fast calibration system is needed to cooperate with the camera system in order to build
three-dimensional mode] rapidly and efficiently.

3. Colour image information is to be used to improve the recovery accuracy.

ACKNOWLEDGEMENT

The authors acknowledge the support given by the CVCP for the ORS award and the School
of Manufacturing and Mechanical Engineering at the University of Birmingham for additional
assistance,

REFERENCES

1 Kim, 8., Sonthi, R. and Gadh, R. Virtual engineering environment applications: an over-
view. In Design for Manufacturability, 1994, De-Vol. 67 pp.1-11 (American Society of
Mechanical Engineers, New York).

2 Lefort, L. and Kesavadas, T. Interactive virtual factory of-a shopfloor using single cluster
analysis. In Proceedings of the 1998 IEEE International Conference on Robotics and

75



Automation, Leuven, Belgium, 1998, pp. 269-271.
3 Chuter; C., Jernigan, S. R. and Barber, K. 8. A virtual environment sirnulator for reactive
‘manufacturing schedules. In Proceedings of Conference on VR in Manufacturing Research and
Education, Chicago, 7-8 October 1996 (American Society of Mechanical Engineers, New
York).

4 Mourant, R., Wilson, B, H., Li, M. and Qiu, N. A virtual environment for training overhead
crane operators. h1 Proceedings of Conference of VR in Manufacturing Research and Education,
Chicago, 7-8 October 1996 (American Society of Mechanical Engineers, New York).

5 Kraftcheck, J., Dani, T, and Gadh, R. State of the art in virtual design and manufacturing. VR
News, 1997, 6(4), 16-22, |

76



F6E HMIBEL N CHERE

1 Design Process

Engineering is defined by ABET (the Accreditation Board for Engineering and Technology)

-+« that profession in which knowledge of the mathematical and natural sciences gained by
study, experience and practice is applied with judgment to develop ways to utilize, economically,
the materials and forces of nature for the benefit of mankind.

What differentiates engineering from many other fields is that it attempts to go from theory
into practice for the purpose of developing products and processes instead of merely observing the
phenomena of that science or art. For example, a physicist studies and records findings in ordet to
understand better some phenomenon or physical process. On the other hand, an engineer utilizes
scientific information to make a particular process or product for use by consumers, ABET further
defines the design portion of engineering activity as follows:

Fundamentally, design is the process of problem solving. Problem solving is used by
professionals from many different fields in the normal course of their work. In this chapter, we will
look at the definition of design and how it fits into the overall scheme of problem solving. We will
also look at the process one uses in implementing a design task. We will then discuss the
computational tools that are helpful to the design analysis process. Finally, we will take a brief look
at where one goes to acquire technical information to angment the design process.

Problem Solving and Design

The organization of problem solving is a hicrarchical domain. One way to think of this is to
consider the nested circles shown in Fig.6.1.1 below. What becomes obvious from this diagram is
that many subfields are a part of the domain of problem solving. It is easy to think of problem
solving that is not design because it is not oriented toward developing a product or process. For
example, when one solves a legal problem it is likely not design. In much the same way, one can
follow the hierarchical structure to see that there are types of design that do not involve the vse of
engineering fundamentals, A good example of this would be interior design, which draws heavily
on art rather than on scientific or engineering knowledge. Within the domain of engineering design
there are many subdomains that relate to the different disciplines of the engineering profession. In
this text we are more interested in the discipline of mechanical engineering, but it is safe to
conclude that there are excellent design activities in other engineering fields such as electrical, civil,
chemical, eic. ] |
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The smallest two domains presented in Fig 6.1.1 are those of mechanical design and machine
design. The reason for the distinction between these two is that the field of mechanical engineering
is divided into two stems. These are the (1) energy stem and the (2) structures and motion stem.
The term mechanical design applies to design in mechanical engineering systems where both
stems can be involved. Thé Engineering design is the process of devising a system, component, or
process to meet desired needs. It is a decision-making process (often iterative), in which the basic
. sciences and mathematics and engineering sciences are applied to convert resources optimaily to
meet a stated objective. Among the fundamental elements of the design process are the-
establishment of objectives and criteria, synthesis, analysis, construction, testing, and evaluation.

Prablem Solving

Engineering
Design

Mechanical
Design

Fig.6.1.1 The Hicrarchy of Problem Sclving

The Design Process

It is important that a rational method of design be understood by engineers. There are two
reasons for this. The first is that a rational method of design helps engineers o manage their task
when confronted with a vast amount of input information, The second reasen is that the use of a
common procedure for design greatly facilitates interaction among engineers. Although the content
of each engineering design problem is unique, the methodology for solving these problems is
universal and can be described in a specific way, Although a number of authorities on the
methodology of design have presented descriptions of the process, most of these descriptions tend
to be similar. The design process, as we will describe it, involves the six-step procedure
diagrammed in Fig.6.1.2. We will now look at the activity that takes place during each of these
steps.

Step 1: Recognize the need—Some people mistakenly believe that engineers create need.
This is, of course, no more true than the notion that physicians create illness or farmers create
hunger. The products and processes created by engineering design are a direct response to spesific
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Fig.6.1.2 The Six-Step Process of Design

needs of society. The first step in the design process is probably the single most important part of
the overall process. Yet it is frequently given inadequate treatment in the design process. A
carefully formulated statement of need can offen save considerable time and energy later in the
design cycle. Implied in any statement of need is an understanding of the real constraints on the
problem. Once a statement of need has been established, the designer would be well advised to
review this statement periodically during the design process so that it can be revised if necessary.

Step 2: Create a design—Once the need has been clearly recognized and stated in a succinct
way, the next step is to begin creating design ideas that will satisfy this need. Of all of the steps in
the design process, this one requires the most ingenuity and imagination.

Step 3: Prepare a model-—Once an idea has been created, it becomes necessary to find a
Means to evaluate the quality of that idea in satisfying the need requirements. One way to do this,
of course, would be to build the suggested design idea. This procedure is usually impractical for
reasons of cost, time, and effort. In order to conserve cost, time, and effort, engineers frequently
make use of a simplified model to evaluate a design idea. A model may be real or abstract and may
be anything from a simple mental image of the idea to a complex mathematical or physical
reproduction of the proposed concept. A frequently used model is a mathematical equation that
describes the physical performance of the part. Much of this book will be devoted to developing
such mathematical relationships. A designer must understand that all models are only
approximations of a physical phenomenon. It is thus important to know when a model is robust
enough te give meaningful results. An understanding of significant figures in calculations is also
highly important to performing design analysis,

Step 4: Test and evaluate the model—Once the model has been prepared, it is time to
evaluate the proposed design idea by exercising the model, The testing usually involves judgment.
In the casc of a mathematical model of a physical phenomenon, the engineer will put valpes into
the equations and look at the results. What becomes obvious as a result of this type of model is that
it is important for the designer to become proficient in the manipulation of mathematical models
and that a good system of documenting the solution process is highly desirable. It is for this reason
that this book makes use of spreadsheet calculations to solve problems in machine design.

Step 5: Improve the design—As a result of the tests performed on the model, the engineer
should have a quantitative measure of the success or failure of the idea. The engineer will likely
know whether the ideas should be abandoned or whether it should be retained for further
improvement, One of the fortunate results of testing and evaluation is that this process often
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provides considerable insight into where improvements can and should be made. Thus, this step
leads back to the creation step. Since a number of different design ideas may be tried, modified, and
improved before a final design choice is made, the process shown in Fig 6.1.2 is quite iterative.
What is important to realize is that the design process may yield many workable solutions or no
solutions at ail. This characteristic is one that makes design problem solving quite different from
most engineering science problems, where there is often only one right answer.

Step 6: Communicate the design—No matter how well a design may satisfy a particular
human need, it cannot be converted into a useful product or process if the details of the design are
not communicated to those who will implement its use. Thus, the communication step is a very
important part of the desige process. Communication of engineering design ideas may be by
written words, spoken words, or by pictures, graphs, or drawings.

As we think about applying the engineering design method diagram, several important facts
are worth keeping in mind. First, the human mind is capable of handling straightforward design
decisions with remarkable speed. The complete process of making a good design choice need not
take excessive time for routine problems. Second, the human mind often has difficulty defining
boundaries between the steps in the process. The designer may combine one or more of the blocks
in thé diagram into what seems like a single activity. While this procedure is not wrong, it should
be avoided if it results in inadequate treatment of each important step.

Stages of Design

The design process, as described in the previous section, is a thought module that can be
applied over apd over again in engineering practice. In the industrial environment, design is
frequently accomplished through a progressive series of four operational stages. These stages carry
the design through from inception to completion. Each of these stages involves a complete design
cycle. The four stages are presented in Fig.6.1.3. Each of these stages is connected in series with
the next so that the communications output of the first stage will provide a statement of néed for the
second stage and so on. The diagram also provides for the possibility of returning to a previous
stage if the outcome of a particular stage suggests that this is prudent. A close inspection of
Fig.6.3.1-3shows that the stages are: “feasibility stage,” “preliminary stage,” “detail stage” and

“revision stage.” The characteristics of each of these stages will now be discussed.

Stage 1: Feasibility stage—The first stage determines whether it is both possible and profi-
table to undertake a given engineering project. For this reason, the need statement will often be
phrased “to consider the desirability of -+” or “to consider the economic feasibility of -+~ .

The ideas generated during this stage of the design process generally consist of general state-
ments about overall concepts rather than specific descriptions of hardware. The models for this
stage tend to be based on economic theories, market surveys, and the opinions of authorities. For
this reason, people who are experts from disciplines other than engineering are often part of the
design team during this stage. The output of this stage will generally be a recommendation either to
proceed or to abandon the project.
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Fig6.1.3 The Four Stages of Design

Stage 2: Preliminary stage—The purpose of the preliminary stage is to make qualitative
judgments about the types of components and resources to use in meeting the conceptual need
identified by the feasibility study. The statement of need for this stage usually calls for the designer
to select the kinds of components that will be used to make the process or product. The selection
process involves studying the tradeoffs between alternative types of component hardware and raw
materials. It is beyond the scope of this stage to select quantitative things such as dimensional size,
critical geometry, color, weight, etc.

Stage 3: Detail stage—The communication output of the preliminary stage will form the basis
for a statement of need that requires the complete, detailed specification of the elements
recommended for the final product or process. This is called the detail stage. The tasks required for
the completion of this stage of design will involve making quantitative design selections with
respect to size, shape, orientation, color, etc. The modeling and testing parts of this stage often
involve extensive calculations and experiments. Much of what we will develop in this text will be
appropriate to making decisions in the detail design stage. The output of this stage usually results in
the manufacture of the product.

Stage 4: Revision stage—Once the detail stage has been completed and the product or pro-
cess has been placed in service, it may be found desirable to use field experience as a basis for
further improvement of the product. This process is called the revision stage. Since the final
product is available, it often becomes the model for evaluation during the revision stage. The
revision stage is not always used in the design process.
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2 Finding and Using Information in Machine Design

Although the chapters in this book will enable you to design your own machine parts, it should
be noted that often the design process involves specifying and using standard parts that are
designed and sold by companies who specialize in the manufacture of machine parts, Usually, parts
acquired in this way are of high quality and allow the designer to utilize the knowledge and
experience of specialists who have based their entire careers on producing optimum parts for a very
reasonable cost. Frequently these vendors will be able to provide you with highly detailed technical
information on the optimum application of their products. This might even include on-site help or
free consulting recommendations about the application of their products and parts. Many véndors
also supply very goed design handbooks that enable you to choose the right product for an
application you have in mind. The information in this text will enable you to utilize and understand
the terminology of standard parts. It will acquaint you with the modes of failure as well as the
critical parameters that need to be considered when utilizing such standard parts. The issue then is
how to obtain information about the availability of standard parts and the vendors that supply these.
There are several excellent sources of this type of information.

Libraries of Catalogs and Specifications

Most companies that are engaged in machine design maintain their own product catalog library.
Even though vendors of standard parts may be located far away from your place of business, most
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use 800 toll-free numbers for information and for orders. Many also have local representatives in
your comununity who are knowledgeable and willing to assist you with information. For
thosestandard parts that you find yourself using repeatedly, you may want to develop your own
mini-library of catalogs and specifications.

Catalog Services on Microfilm/Microfiche and CD Rom

Some companies make a business of compiling catalogs and specification sheets of machine
parts and then making these available on some type of media that enables the user to quickly access
the information that he or she needs. These information organizations often provide regular updates
of their materials so that you can be reasonably sure that you are getting the most recent
information about'standard parts. Although information on media is much easier to use than a paper
library, the services of such information companies can be expensive. Thus, the size of your
company and the extent to which they use standard parts will determine if the use of an information
service is economically justified.

The Internet’

More and more manufacturers of standard machine paris are beginning to place home pages
on the Intemet. Almost any type of web browser can be used to search for gears, beanings, roller
chains, etc. Most web pages now have telephone numbers to call to obtain further information and
catalogs. Seme companies are even putting their entire catalogs on-line.

Spe.cial Yellow Pages of Suppliers

Although your local yellow pages will likely provide you with sources of standard machine
parts, many communities now have special yellow pages that are designed for use by industrial
organizations. These can be an extremely valuable source of infermation and contacts.

Trade Publications and Magazitno_s

Most trade publications and magazines that deal with topics relating to machine design have
extensive advertisements that will give you the names of companies that manufacture and sell
siandard parts. Many of these magazines have reader service cards that you can use to request
information: Thé most often read trade magazines by machine designers are Machine Design,
Chilton’s Product Design and Development, and Design News. One of the best things about the
use of trade magazines is that the extensive advertisements that they contain enables the publisher
to provide these to you for a very low cost or even for free,

Trade Shows

Trade shows either at the regional or national level are an excellent opportunity for you to
collect catalogs and to talk face-to-face with sales representatives of those companies that provide
the standard parts that you may need to use. The largest and best-known trade show for machine
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design is the ASME Design Show that is held every spring in Chicago, IL. The show is often
combined with workshops and seminars that should be well worth a trip to this event even if
yourorganization is not located in the middle part of the country.

Product Registers

Product registers, such as Thomas Register or Sweet's Catalog, provide an encyclopedia-like
library reference that lists companies that manufacture and sell standard parts. These publications
are often found in company libraries, university libraries as well as public libraries, and are updated
on an annual basis. As an example of what one of these references might include, consider the
three-part Thomas Register. The first part, consisting of 16 volumes, provides a listing of over
50 000 products and services. These are listed alphabetically by product name and the listings are
organized by state in order to allow you to identify those that do business near to where you work.
The second part, consisting of two additiopal volumes, provides profiles on’ 145000 U.S.
companies that includes their name, address, phone number, and asset tating. The second part also
includes and additional volume that lists the name and owner company for trademarks and brand
namnes. The third and final part of the Thomas Register consists of 8 volumes containing 11 000
pages of recent catalogs from 2 000 companies.

Recognized Standards for Design

As one undertakes the design of machine parts, it is not uncommon to encounter codes and
standards that are jn place to assist the designer as well as the consuming public. It would be well
advised for engineers to become acquainted with the use of standards and to incorporate this
information into their professional activities. Two questions come to mind.

1. Who sets the standards?

2. Where can information be obtained about these standards?

The most logical groups to set standards are the two closest to the products-the manufacturers
and the users. Engineers from the user community have a strong interest in seeing that the standard
specifications for design of engineering products are written in a way that will provide maximum
utility and maximum safety for the consuming public. In like manner, engineers from the
manufacturing companies have a strong economic interest in seeing that their products have the
widest possible wvse in the engineering marketplace. For this reason, national committees of
engineers are often brought together under the auspices of engineering professional societies or
trade organizations to establish and to document national standards that are acceptable to all sectors,
The national standards system is presently administered by ANSI (the American National
Standards Institute) in New York. Companies may subscribe to membership in ANSI and may
purchase copies of standards from this orgamization or from other organizations that provide
standards, These standards specify factors of safety and provide design guidelines for safe practice
particularly in the case of designs where public safety is at stake. For example, the American
Society of Mechanical Engineers provides standards for the design of elevators and pressure
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vessels. In many cases, standards developed through ANSI and through professional organizations
have actually become part of the legal codes for design in the U.S. and throughout the world. Some
of the sponsoring organizations of ANSI are listed in Table 6.2.1. ANSI provides a valuable service
both for the engineering community and for the consuming public. ANSI publishes a Catalog of
American National Standards which alphabetically lists the titles of available standards. This
catalog is available on the Internet at http://www.ansi.org/cat_top.htm! for those who care to use
this on-line resource.

Table 6.2.1 Selected Ansi Accredited Standards Developers (DECEMBER, 1996)
(List selected by the author as appropriate to machine design. For a complete list of ANSI stundard
developers, contact the American National Standards Institute at 11 W 42nd 51, New York, NY 10036)

Arr-Conditioning and Refrigeration Institute
Aluminum Association

American Architectural Manufacturers Association
American Association of Textile Chemists and Colorists
American Concrete Institute

American Dental Association

American Foundtymen's Socicty

American Gear Manufactyrers Association
American Institute of Aeronautics and Astronautics
American Institute of Steel Construction

American Institute of Timber Construction
American Nuclear Society

American Petroleum Institute

Ametican Society for Quality Control

American Socicty for Testing and Materials
American Society of Agricultural Engineers
American Society of Civil Engineers

American Society of Heating, Refrigeration and Air-Conditioning Engineers
American Society of Mechanical Engineers
American Society of Non-Destructive Testing
American Society of Sanitary Engineers

American Water Works Association

American Welding Society

American Wind Energy Association

American Wire Cloth Institute

Builders Hardware Manufacterers Association
Compressed Air and Gas Institute

Compressed Gas Assaciation

Concrete Reinforcing Steel Institute

Consortium for Advanced Manufacturing International
Conveyor Equipment Manufactures Association
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Table 6.2.1 (cont.?

Cooling Tower Institute

Electronics Industries Association

Federal Highway Administration

Fluid Conltrols Institute

Human Factors & Ergonomics Society

Hydraulic Institute

Hluminating Engineering Society of North America
Industrial Safety Equipment Association

Institute of Electrical and Electronics Engineers
Instrument Society of America

International Electrical Testing Association

Material Handling Institute

National Association of Architectural Mictal Manufacturers
National Association of Corrosion Engineers

National Board of Boiler and Pressure Vessel Inspectors
National Conference of States on Building Codes and Standards
National Electrical Manufacturers Association

National Fire Protection Association

Naticnal Tnformation Standards Organization

National Safety Council

North American Die Casting Association

NSF international

Nuclear Information and Records Management Association
Packaging Machinery Manufacturess Institute

Plastic Drum Institute

Power Tool Institute

Recreational Vehicle Industries Association

Robotics Industries Association

Rubber Manufacturers Association

Society of Automotive Engineers

Society of Cable Telecommunications Engineers
Society of the Plastics Industry

Standards Engineering Society

Steel Tank Institute

Toy Manufacturers of America

Teuss Plate Institute

Tubular Rivet and Machine Institute

U.5. Product Data Association

Underwriters Laboratories

Uniform Code Council

Water Quality Association
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Computational Tools for Machine Design

It goes without saying that the process of machine design relies heavily on calculations and
experiments. The principles of design are, of course, universal. The same theory or equations may
be applied to a very small part, as in an instrument, or to a larger but similar part used in a piece of
heavy equipment. In no case, however, should mathematical calculations be looked upon as
absolute and final. They are all subject to the accuracy of the various assumptions which must
necessarily be made in engineering work. Sometimes only a portion of the total number of parts in
a machine are designed on the basis of analytic calculations. The form and size of the remaining
parts are then usually determined by practical considerations. One the other hand, if the machine is
very expensive, ot if weight is a factor, as in airplanes, design computation may then be made for
almost all the parts,

The purpose of the design calculations is, of course, to attempt to predict the stress or
deformation in a part in order that it may safely carry the loads which wiil be imposed updn i, and
that it may last for the expected life of the machine. All calculations are, of course, dependent on
the physical properties of the construction materials as determined by laboratory tests. A rationai
method of design attempts to take the results of relatively simple and fundamental tests and apply
them to all the complicated and involved situations encountered in present-day machinery.

Training in rapid and accurate numerical work is invaluable to the designer. The designer
should keep accurate work records, as it is frequently necessary to refer to work done in the past. It

_goes without saying that all data, assumptions, equations, and calculations should be documented in
full in order to be intelligible when referred to at a later date. The student should start forming such
habits, and it is recommended that the problems in this book be worked out and preserved as
reference material,

A vaviety of computational tools can be applied to design calculations with success, Even at a
~ low level of cost, a notebook and a quality scientific calculator can be used to solve most of the
problems in this text. Other special-purpose computational tools are emerging in the fields of
engineering that have particular merit for particular computational tasks. Among these are
softwarepackages like Mathematica, MATLAB, TK Solver, and Math Cad. Because they are so
widely used, spreadsheet programs like Excel, Lotus 1-2-3, and Quattro Pro have especially high
promise for engineering problem solving. These packages have the advantage of allowing the user
to document and save completed work in a highly detailed fashion.

Conclusions

The practice of design can be one of the most exciting and fulfilling activities that an engineer
can undertake. There is a strong semse 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 judgmnent and wide experience, qualities which are
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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. ‘
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3 The Formalization of Selection Procedures

In selecting a material for a given application the materials engineer is faced with an almost
endless number of possibilities, If the choice is to be made with economy of time and effort, but
also with the assurance that no possibility is overlooked, some systematization of procedures is
essential.

The basis for inaterials selection is a shopping list of design requirements and, as stated in the
Introduction, the selection procedure should be as mumnerate as possible. The extent to which
thiscan be achieved, however, varies from one design requirement to another, extending from
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atterpts to quantify the aesthetics of design and current fashion to the considerable precision
attainable in some property parameters.

A useful reduction in the initial number of candidate materials can be obtained by establishing
at the outset upper and lower bounds for the various desigﬂ requirements, On the basis that every
design requirement must be present to an acceptable degree, but that costs must inevitably increase
if it is present to a greater extent than is strictly necessary, a table can be drawn up (Table 6.3.1)
summarizing the merits and demerits of the contenders so as to permit early elimination of
unsuitable materials. Materials M1 to M6 represent generic types of material for this initial
materials selection step, for example, cast aluminiurm alloys, austenitic stainless steels, polyamides,
polyacetals etc. Analysis of individual materials at this stage, e.g. PA6, 6%-30% glass fibre filled, is
dangerous, as other families of material may be missed; what is needed is a broad sweep of all
genetic materials” families.

Table 63.1
Design requirements
Materials Primary Secondary Cost Decision
DR1 DR2 DR3 DR4 DR5

M1 A O A A A E ]
Reject

M2 A A A O A A

M3 U A A A A A Reloct

M4 A 0 A A 0 A oo

M35 A A A A A E .
Reject

M6 A A A u A A )

U=Usderprovision; O=0Over-provision; E=Excessgive; A=Acceptable, .

Considerable knowledge and experience are required to reject a material at this stage, because
materials properties can be varied widely during manufacture and processing, and so also can costs.
A material would not necessarily be rejected because it was unsatisfactory in respect of a single
secondary design requirement, or even a primary one, if there were scope for ameliorating the
disadvantage during design and manufacture. Whether or not over-provision of some property is
cause for rejection depends upon the effect upon cost. Excessive cost is always cause for rejection
but cost is also a function of processing. Clearly, any version of basically expensive material, such
as titanium, will be costly but whereas steels are mostly cheap they become expensive when highly
alloyed or manufactured to tight tolerances or compositional limits. It is likely that any class of
material which passes this initial stage of selection will produce three or more competing variants
of the same material to be considered at a later stage.

Table 6.3.1 can be refined by replacing the simple go/no-go criteria of satisfactory and
unsatisfactory by varying degrees of merit. For properties that are not reliably quantifiable,
more-or-less vague terms such as poor, fair, exceilent, etc. are best abandoned in favour of
numerical ratings of, say, 1 to 5 in ascending order of merit. The individual merit ratings ¢an then
be totalled to give an overali numerical rating as in Table 6.3.2.
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Table 6.3.2

Material et Rigidity S‘;’:‘;:ﬁ;?ht:g Mouldability 0{‘1’“"“::‘?;%‘;3
M1 4 3 3 3 13/20 = 0.65
M2 2 3 4 3 1220 =0.60
M3 5 4 1 1 11720 = 0.5
M4 1 1 4 3 9/20=045
M5 4 5 1 3 1320 = 0.65
M6 3 2 5 5 15120 = 075

Clearly, the overall superiority of M6 derives from its maximum ratings in respect of siress
cracking and mouldability, but what if heat resistance and rigidity were the properties more
urgently required? This might well be so, since although the life of the component could be
determined by its Tesistance to stress cracking, its resistance to heat and its rigidity could determine
whether or not it can do the job at all. (Mouldability is.important mainly through its influence on
costs.) The relative importance of the various properties therefore depend upon the nature of the
application and this can only be assessed by the designer using the tools of function analysis and
quality function deployment, as discussed in earlier chapters. For example, he can exercise his
judgement in this respect by assigning weighting factors to the various properties, as in Table 6.3.3.

Table 6.3.3
Material mli?taa;ce Rigidity sl;:'ssissz?igﬁit:g Mouldability Overall rating
x5 x5 NG X } (Max =75)
M1 20 15 G S . 3015 = 0.67
M2 10 15 3 9 42175 = 0.56
M3 25 20 . 2 3 50015 = (.67
M4 3 3 8 9 2175=036
M5 20 25 2 9 55175 =073

Mb6 13 10 10 15 50715 = 0.67

The choice now moves to M5, which means that a short-life material has been preferred to a
long-life material. This emphasizes that weighting factors must be used cautiously, since by their
use small changes in heavily weighted properties can mask the effects of large changes in more
lightly weighted properties. However, the next stage will be to examine specific materials within
the M5 family in more detail, although for the example shown, families M1, M3 and M6 should not
be ruled out:

As always, materials selection is more effective when it can be carried out in terms ©i
precisely defined quantitative property parameters. A method of dealing with this may be
exemplified by means of the data given in Table 6.3.4, in which are listed materials which might be
considered for use in an aeroplane wing. These materials could have been arrived at following a
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“sweeping” exercise as illustrated above, The values of cost/tonne given are iliustrative only, and
must not be taken as definitive. Price instability will bring change of magnitude and possibly, even,
relationships.

Table 6.3.4
Material (MPs) (MPam'®) (ionnes/m®)  (Gpa)  (&/tomne)

Aluminium alloy 1 330 45 2.7 70 590
Aluminium alloy 2 550 25 2.7 70 700
Titanium alloy 280 60 4.5 110 5500
Stainless steel 000 100 1.8 200 500
Unidirectional high strength carbon fibre

epoxy laminate (60% carbon) . e 1300 50 1.8 130, 15000

These data cannot be used in raw from, first, because the significance of the individual
properties varies from one part of the structure to another, and second, because the units are
variegated, The first point can be dealt with by combining units into so-called “merit parameters”,
formulated by consideration of the target function, as discussed in previous chapters, the second by

expressing the data in each column as proportions of the largest figure appearing in that column
(see Table 6.3.5).

Table 6.3.5
o2 /o kY /p EY3fp Cost(&/onne) ~ Overall rating
Material A+B+C+@-D)
Abs. Rel.{(=A) Abs, RelL.(=B) Abs, Rel.(=C) Abs. Rel. (=D} 4

Aluminium alloy 1 693 0.35 248 063 1.53 0.54 390 0.04 0.62
Aluminivm alloy 2 .69 043 1.85 0.47 1.53 0.54 700 0.05 0.60
Titanium alloy 6.59 0.33 1.72 0.44 L.06 0.38 5 500 0.37 Q.45
Stainless steel 385 0.19 1.28 0.33 0.75 0.27 500 0.03 044
Enidirectional high strength

carbon fibre epoxy laminate  20.03 1.00 393 L.O0 281 1.00 15 000 1,040 0.75

{60% carbon)

Abs=Absolute value; Rel. =Value relative to largest quantity.

The values of the three merit parameters listed in Table 6.3.5 should be maximized to provide
the minimum weight of a flat panel, loaded in bending where the thickness is free. Where strength
is important, o'%/p is important; where stiffness is important, £°/p is important; where toughness
is important, K.*/p is important. These are all reasonable parameters to apply to aircraft wing
skin materials. Despite its high price, the overall rating of the composite is the highest. There is
apparently little to choose between the aluminium alloys or, at the bottom of the five candidate
materials, titanium alloy and stainless steel. It is hardly surprising that where cost is relatively
insignificant, which is generally the case for military supersonic aircraft, composite materials are
used. Even in civil aircraft, the use of composites is increasing. However, aluminium alleys remain
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a good choice, partly for conservative reasons because their processing and behaviour is well
characterized. The use of stainless steels in wing structures is limited, despite their corrosion
resistance, but some titanium alloys have been developed for selected aircraft skin applications,
despite the low overall rating shown in Table 6.3.5, and the reasons are explored in Chapter 15.
TNlustrating, perhaps, that while merit parameters are useful, in the real world the situation is often

more complicated.
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4 Materials Databases

The importance of integrating materials selection and manufacturing method with the design
process has been highlighted in Chapter 2, as has the role of computer-aided design and
computer-gzided manufacture. Therefore, it is logical that the materials selection should also be
computerized. Also, the computer is able fo sort through masses of data rapidly, which is invaliable
given the ever expanding number of available engineering materials, making a manual search of
data very laborious if not impossibie. Much of the available materials data does now exist in
computerized form, and several information networks now exist. However, hardcopy databases
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should not be ignored, and the relationship between the different database forms is illustrated in
Fig.6.4.1. The different types of database available are shown in Fig.6.4.2.
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Fig.6.4.2 Database Types

The use of a database with a particular selection methodology was an idea developed many
years ago by Waterman and further discussed by Appoo and Alexander, Gillam also discussed some
aspects of computer selection, and Reid and Greenberg described, as an example, how a simple
computer program could aid optimal materials selection for a compound beam. The apprcach has
now become wellestablished, with several systems available commercially.
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Generic Datahases

Generic databases are concerned with materials at the “ family ” level. Property values are those
considered typical for specific grades within the family, although the materials are often subdivided
into a reasonably narrow band of materials, generally suitable for the conceptual design stage.

The Cambridge Materials Selector is 2 generic database that builds on the graphical methods
described by Ashby, which are user-friendly and very effective in the initial; sorting stages. The
selection philosophy involves first identifying the design requirements. These are then expressed in
terms of a merit parameter, The merit parameter can be plotted as a straight line onto the Ashby
map, where on logarithmic scales, the properties under consideration are displayed along the axes.
Two examples are shown as Fig.6.4.3 and 6.4.4, where Young’s modulus is plotted against density
and Young's modulus is piotted against strength, respectively, The range of properties displayed by
each family of materials is described by a“balloon "on the map. In Fig.6.4.3, the lines for Efp, E*/p
and E'”/p=C, where C is a constant, are drawn. For minimpm weight design, the value of C
should be maximized, which represents moving the lines from right to left. As already noted, when
selecting materials for a light, stiff column, E'*/p should be maximized, and, as can be seen from

Fig.6.4.3, wood and composite CFRP are good candidate materials, residing in the unshaded
portion of the graph.
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Fig.6.4.3 Materials Selection Chart: Young’s Modulus/Density Indicating
Relationships of Specific Stiffness

In Fig.6.4.4, the lines for g,/E and o7 /E==C are drawn, To minimize the volume of a spring
o4



with a specified energy storage value, for example, the parameter 0';‘: /E should be maximized,
regardiess of spring shape or loading method. Moving the line for o2 /E to increase C (N.B left to
right), materials with maximum C values include rubber and spring steels, which might have been
anticipated. Note, however, that CFRP and glass make excellent springs in the right circumstances,
hence the use of glass galvanonieter suspensions and CFRP vehicle springs.
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Fig64.4 Materials Selection Chart: Young’s Modulus/Strength Indicating Relationships
for Consideration as Springs

The method is very powerful and makes it possible to sweep across the properties of each of
the generic materials families, useful in design innovation exercises. The Cambridge Materials
Selector (CMS) allows these maps to be plotted from the comprehensive database, with continuous
properties such as strength plotted as shown above; discontinnous properties such as corrosion
resistance in certain environments are ranked on a scale of 1 to 5. After the design requirements are
finalized, it is possible to perform several sequential selection steps as well 2s combine properties
on one axis {e.g. cost multiplied by density) and the materials passing each and all of the steps can
be displayed. Although included in the generic databases, CMS uses several specific databases as
well as a front-end generic database, including polymers, light alloys and metal matrix composites.
Once the generic database has highlighted, for example, that 2 number of polymer families are
candidate materials, it is possible to refine the selection further by interrogating the polymers
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database, although there is no data on specific commercial grades, and the selection of “short fibre
reinforced polymers” with the generic database may be refined only to “polyarmide 6/6-30% short
glass fibre reinforced” using the polymers database. The generic database contains 143 materials
(15 of which are thermoplastics), the polymers database contains 178 materials (54 of these are
thermoplastics).

Plascams is a generic database for plastics, with 351 material types included, arranged under
84 generic family titles. The search philosophy is more basic than the approach used in CMS.
Initially, an elimination search is conducted to ascertain those materials meeting certain essential
design criteria, e.g. “tensile strength greater than 60 MPa”. Materials passing these elimination
searches are then ranked by a combined weighting search of desirable propertics. Each of the 351
materials has been given an “expert” ranking between 0 and 9 for each property. These rankings are
simply multiplied by the weightings assigned to the property by the designer. There can be a danger
in using the weightings to arrive at the answer that might have been anficipated from past
experience. Rubacams is a sister database to Plascams, containing data on 38 generic types of
rubbers and elastomers, utilizing a broadly similar selection philosophy to Plascams. The
producers of Plascams and Rubacams have used this software in recently released
knowledge-based systems for plastics and rubbers. Using CD-ROM technology, the producers have
been able to combine several software programs and databases into one system. This enables it to
cut across the boundaries shown in Fig.6.4.2, containing abstracts, encyclopaedic information,
materials processing analysis software as well as materials selection systems. The knowledge-base
allows all of these compenents to be “hot-linked ” so that a line of enquiry can be followed through
the system.

Grade-Specific Databases

These databases hold property values for identified commercially available material grades, so
they work well in conjunction with a generic database, refining the materials selection to specific
grades and suppliers. For plasties, Campus is the world-leader in grade-specific databases and
emerged from an initiative by the major materials producers. Now more than 30 materials suppliers
produce Campas disks, holding daia on their own material grades. Compatibility of data between
suppliers is ensured by utilizing the ISO standards for single and multi-point data. It is possible ta
search the grades of all suppliers stmltaneously using a program developed by the producers of the
database engine, M-Base. This allows access to more than 6 000 grades of plastic materials.
Materials selection is made by deﬁniﬁg upper and lower bounds to the desired property.

Other grade-specific database for plastics inciude Selector II, giving a total coverage of
some 21 500 grades of thermoplastic and thermoset. Plaspec contains data on more than 11 600
grades: The selector program can be enhanced with the purchase of other database modules
containing bibliographic information. For metals, a number of disks are available in the UK that
originated from a recent government initiative. Databases for copper alloys, magnesium alloys,
stainless steels and titanium alloys have been produced to run under DOS. The Aluminium
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Federation produce a database of aluminium alloys, Aluselect,

There are also a number of databases providing grade-specific information on a range of
materials. Mat. DB is a modular database that can be built to suit the user. Ten modules are
currently a-vailable, mcluding thermoplastics, composites and steels. The data are derived largely
from standards and critical assessment of the scientific literature. It is, however, expensive and
somewhat cumbersome to use. Cen BASE/Materials is another grade-specific database covering
about 30 000 plastics, metals, composites and other materials. All property fields are searchable
and the data are backed-up by full-text descriptions and supplier contact details. In a recent
development, CenBASE/Materials, has become available on the Internet, with unlimited access
for a small annual subscription (<http://www.icentor.com>, see below), M-Vision is an expensive
system, primarily containing data for aerospace alloys and composites, but the selection procedum;s
are very flexible, although it needs a workstation to operate.

The Plastics Design Library have developed Rover PDL Electronic Handbooks, which are a
medular database system, building on the PDL hardcopy data on the environmental properties of
plastics, and will include data on metals and ceramics,

Bibliographical Databases

Bibliographical databases are designed to rapidly assemble a series of references relevant to a
particular enquiry. They normally comprise abstracts but sometimes include numerical data and
statistical information. Rapra Abstracts is the world’s biggest store of plastics information,
containing over 400 000 references, all classified by keywords. Engineered Materials Abstracts
is a bibliographical database of over 75 000 references concerned with plastics, ceramics and
composites. The abstracts are derived from technical joumnals, books, patents, conference
proceedings and suppliers” literature. Metadex is the equivalent database for metals. Each of these
bibliographical systems is available on-line or via CD-ROM.

The Internet

The Internet population is growing rapidly and most information providers now have a
presence on the world-wide web. There is a good deal of information made available without
charge, but several sites are used to act as “tasters” for a subscription service, although the charges
for these can be modest. Useful Internet addresses are listed below at the end of this chapter.

Data Quality

In all these selection systems, whether computerized or not, much hinges on the current
recognition of the service requirements and correct instructions in terms of weightings given to
various factors and the significance of constraints. Several important properties are not easily
quantifiable and data may not be obtainable, particularly in relation to wear and various forms of
corrosion. The GIGO principle applies, namely garbage in-garbage out. And no database has been
developed to truly deal with synergistics, making the testing of materials in their anticipated service
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conditions just as essential before final selection.

The quality of the data held in computerized and hard copy systems is always of concern and
it is important to ensure that data used for comparative purposes results not only from equivalent
testing but that its accuracy is also validated.

At an advanced stage in the selection process, whether or not computerized handling of the
data is envisaged, it becomes convenient to combine cost and property parameters because
processing accounts for a Jarge part of final costs, and it may happen that the properties exhibited
by a material processed in one way are different from the properties of the same material processed
in another way. It is best then to employ compound parameters such as (Cg), /Ovs, Where (Cp) is the
price per unit mass, and where the parameter takes different values for different materials variants
and different manufacturing processes. An overall rating can then be obtained in terms of these
parameters in the manner previously described, using weighting factors and lower hounds, as
appropriate. A list of compound parameters of this sort is given in the Infroduction.

It may be noted that where space-filling is the major requirement, as applies for example to a
pressure-activated device, then the only criteria of choice are surface stability and price per unit
volume since mechanical properties are irrelevant.

PC-Based Materials Databases

Cambridge Materials Selector
Granta Design Ltd

' 20 Trumpington Street
Cambridge CB2 1QA, UK
Tel: +44(0) 1223 334755
Fax: +44(0) 1223 332797

WWW: http://www.granta.co.uk
Plascams, Rubacams, Rapra Abstracts, Plastics and Rubber Knowledge-Based Systems

Rapra Technology Ltd
Shawbury

Shrewsbury

Shropshire SY4 4NR, UK
Tel: +44(0) 1939 250383
Fax: +44(0) 1939 251118
WWW. http./fwww.rapra.net

Campus (disks available from plastics material manufacturers)

M-Base GmbH
Dennewart Strasse 27

DS-2068 Aachen, Germany
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Tel: +49 241 963 1450
Fax: +49 241 963 1469
WWW. hitp//www.m-base.de

Selector I

Data Business Publishing
15 Inverness Way East
PO Box 6510

" Englewood
CO 801556510, USA
Tel: +1 303 799 0381
Fax: +1 303 799 4082

Aluselect

Aluminium Federation
Broadway House
Calthorpe, Fiveways
Bimmingham B15 1TW, UK
Tel: +44(0) 121 456 1103
Fax: +44(0) 121 456 2274

Mat. DB, Engineered Materials Abstracts, Metadex

ASM International .
Materials Park

OH 44073, USA

Tel: +1 216 338 5151

Fax: +1 216 338 4634

WWW. hup://www.asm-intl.org

CenBASE/Materials

Infodex

12782 Valley View Sireet

Garden Grove

CA 92645, USA

Tel: +1 714 893 2471

Fax: +1 714 893 4856

WWW: http://www.centor.com/cbmat/index.html

M-Vision

PDA Engineering
2975 Redhill Avenue
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Costa Mesa

CA 92626, USA

Tel: +1 714 540 8900
Fax; +1 714 979 2990

PDL Electronic Handbooks

Plastics Design Library

13 Eaton Avenue

Norwich

NY 13815, USA

Tel: +1 607 337 5000

Fax: +1 607 337 5090

WWW: http:/ferww.norwich.net/~ wai001

On-Line Materials Databases
Plaspec

D & S Data Resources, Inc
POBox H

Yardley

PA 19067, USA

Tel: +1 215 428 1060

Fax: +1 215 428 1069

Engineered Materials Abstracts, Metadex ASM International
as above

Rapra Abstracts
as above

On-Line Service Providers

ERA-IRS Dialtech

British Library

25 Southampton Buildings
London WC2A 1AW, UK
Tel: +44(0) 171 323 7951
Fax: +44(0) 171 323 7954

Datastar Dialog Europe _
Knight-Ridder Information Ltd
Haymarket House
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1 Oxenden Street

London SWIY 4EE, UK
Tel; +44(0) 171 930 7646
Fax: +44(0) 171 930 2531

Questel Orbit

18 Parkshot

Richmond

Surrey TW9 2RG, UK
Tel: +44(0) 181 332 7888
Fax: +44(0) 181 332 7449

STN International
FIZ Karlsruhe

PO Box 2465

76012 Karlsruhe
Germany

Tel: +49 7247 808555
Fax: +49 7247 808131

Internet Sites General Materials

Cen BASE/Materials
as above »

Cambridge Materials Selector
as above

The Institute of Materials
http://www.instmat.co.uk

University of Cambridge, Departinent of Materials Science and Metallurgy

http:/fwww.msm.cam.ac.uk

Index to WWW Materials Engineering
http:/fwww.materials.drexel.edn/others/industry.html

Metals

The Copper page
http:/fwww.copper.org

The Aluminum Industry WWW Server
http:#/www.euro.net/concepts/industry.btm]

Metal Powder Industries Federation
http:/fwww.well.com/user/css/mpif htm
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Ceramics

Technical ceramics-WWW virtual libraxy
http:/ferww.ikts.fhg.de/ceramics.html

Plastics

Rapra Technology Ltd
as above

PDL/Plastics Design Library
as above

Polymer DotCom
http://www.polymers.com/dotcom/subscribe.html

Plastics News
http:/fwrww.plasticsnews.com
Allied Signal Plastics
http://www.asresin.com

BASF .
http:/ferww.basf.de/basf/html/e/home.htm

GE Plastics .
hitp:/fwww.ge com/plasticsfindex.htm

Hoescht
http://www.hoescht.com

IDES Databases
http://www.odesinc.com

IRC in Polymer Science
University of Leeds
http:/fwww.irc.leeds.ac.uk

Composites

Turner Mess Co
http:/ferww.advmat.com/links.html

Word and Phrases
1. selection philosophy byl
2. logarithmic pag- i
3. Young's modulus _ HEER
4. interrogating Ll
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5. encyclopaedic AREHN, SREHERE, I

6. thermoplastic i34 3
7. thermoset FAE#
8. cumbersome BRI, FERY
9, bibliographic - HERER
10. Magnesium &%
11. hinge on B®RF
12. envisage R, w8

5 Graphical Analysis

Graphicai Posiﬁon Analysis

Regardiess of what procedure is used for a linkage analysis, it is necessary to determine the
angular positions of the links before it is possible to perform a velocity analysis. Likewise, it is
necessary to know the link angular velocities before an acceleration analysis can be performed.
That is, the kinematic analysis of a linkage must always proceed in this sequence: position analysis,
then velocity analysis, then acceleration analysis. If the linkage has one degree of freedom and the
driver is a crank, it is necessary that the angular position, angular velocity, and angular acceleration
of a driving link be specified for a solution to be possible. If the driving member is connected to the
hase by a prismatic joint, the linear position, velocity, and acceleration of any point in that link
must be specified. .

When working graphically, the position analysis consists of simply drawing the linkage to
scale. Usually this is to straightforward that it tends to be forgotten as an important step in the
solution process. The representation used is a geometric skeleton of the linkage: links connected by
revolute joints are represented by the line, or lines, joining the joint axes. Prismatic joints are
represented by lines in ths direction of sliding. Revolute joints are usually represented only by the
points that are the intersections of their axes with the plane of motion. The way the method works
in the analysis of a simple linkage is illustrated in the examples.

As will be shown in Chapter 3, the position equations for mechanisms are inherently nonlinear,
In many cases, the mechanism can be assembled (or drawn) in two possible configurations. It is

' necessary to know before the analysis is conducted which solution is desired. This will be
illustrated in the examples that will be discussed after the equations for velocity and acceleration
are developed.

We will begin the analysis of velocities and accelerations with a relatively simple case
involving two points fixed to the same rigid link. The equations for this case are commonly
developed in courses in mechanics using the procedure we shall use here, The equations developed
will be directly applicable to mechanisms with revolute joints and/or sliders on fixed lines. We will
illustrate the use of the procedure with several examples.
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For more complex joints, a more rigorous and general approach will be used to develop the
velocity and acceleration equations. This will entail identifying the coordinate systems relative to
which each of the vectors is described and relative to which the time derivatives are desired. It will
be shown that the velocity and acceleration equations developed for the case of two points on a
rigid link are special cases of the more general equations.

Planar Velecity Polygons

Velocity analysis is the determination of the angular velocities of different links in a
mechanism and of the velocities of points on the links, given either the angular velocity of some
member or the velocity of some point on the link designated as the input. The vector polygon
technique will be used here to solve the velbcity and acceleration equations. The method facilitates
the solution of a large variety of velocity and acceleration problems and also has the advantage that
the acceleration polygon solution has a strong similarity to that of the velocity polygon, ‘which
makes it relatively straightforward to learn and remember. Almost all practica.l problems can be
solved by this apprqach

In thcory nowever, the techmque is not general. It is possible to formutate problems that
cannot be solved by the methods presented here. Special techniques have been developed that allow
treatment of some of the simpler cases that are not amenable to the vector polygon mc'r.hod
however, it is posmble to formulate problems that cannot be solved by even these embel[lshed
techniques. The reader is referred to books by Hirschhorn,' Hall, 2 nd Holowenko ‘for the
auxiliary- pomt techmque and other methods of handling more general mcchamsms It should be
emphasized, ‘however, that problems that cannot be solved by the methods pmsented in this chapter
are rarely encountered in practice.

The key to the graphical velocity analysis of most linkages is the relaﬁon_sﬁip between the
velocities of ahy two points embedied in a rigid body. This relationship is
Vo . o 65—1)
wherc A and. B are Pomts fixedina movmg lamina (rigid body) as shown in Fig.6.5.1, v, and vg are

Vg =V, F XTI,

" Fig65.1 Position Relationships of Two Points Embedded in a Moving Lamina

1 Hirschhom, I., Kinematics and Dynamicy of Flane Mechanisms, McGraw Hill Book Co., New York, 1952
2 Hall, A., Kinematics qnd Linkage Design, Balt Publishers, West Lafayerie, IN, 1966
3 Hbolowenka, A. R., Dynamics of Machinery, Jobhn Wiley & Soms, Inc., New York, 1955
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the respective velocities relative to the frame of those points, 7z4 is the vector AB , and @ is the
angular velocity of the lamina relative to the frame.

To prove this relationship, consider the two points A and B fixed in the lamina shown in
Fig.6.5.1. The lamina is moving with general planar motion. Let the position of point A relative to a
fixed reference frame be r, and that of point B be rg. The vector AB is rys and is pointed from A
to B. Therefore

r, B“: Tat T34 : (6.5—2)
Differentiating Eq.(6.5—2) with respect to time gives
vy=Vv,+dr, /dt

Now, since points A and B are fixed in the moving lamina, vector rg,y is fixed in that lamina and
moves with it. It has constant length, so only its direction changes. Let the change in direction in a
small time interval &: be 86 as shown ir Fig.6.5.2. The magnitude of the change in rg;, i3

Sr=ry, 00
As Jr and hence 66 approach zero, the angle between vectors
Org and rg, approaches 90°. If o is the magnitude of the
angular velocity of the lamina,

=wdt
Fig.6.5.2 Successive Positions of the
Therefore Lamina Separated by a Small
Oridt=row Time Interval, 5t

50, in the limit as §¢ approaches zero,

|drsm / dtl = Ty149
i o is considered to be a vector normal to the plane of motion, clockwise (CW) if directed away
from the observer and counterclockwise (CCW) if directed toward the observer, the direction of

drgs/dr is normal to wand to rg, and obeys the right-hand screw rule with respect to those vectors.
Therefore d,z,4/df can be represented by the expression '

drs;a/df=mxrnra
Thus _

Vg =V T OXTg,, (6.5—1)

As will be shown later, this expression is actually valid for general, spatial motion, although the
derivation above applies only to planar motion.
It is convenient to write Eq.(6.5—1) in the from

Vg =V, TV, (6.5—3)
where
Vpa S WX, {(6.5—4)

The vector vy is usually called the velocity of B relative to A, although, strictly speaking, it is
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meaningless to talk of a velocity relative to a point. Velocities are vectors and are measured relative
to reference frames. Therefore, va, would be the véiocity of point B relative to a reference frame
which has its origin at point A. The reference frame moves so as to be always parallel to the fixed
frame. ;

The basic technique used in a graphical linkage analysis is to work from one or more points
with known velocity to one of unknown velocity using the relationship in Eq.(6.5—1) between the
velocities of two points fixed in the same lamina. The intersections of the axes of revolute joints
with the plane of motion form transfer points because they are actually coincident points fixed in
two different links, Thus, the velocity of a revolute point can be obtzined by congidering it to be a
point in one of the links it connects. That information can then be used by considering it to be fixed
in the other link.

Eq. (6.5—3) can be represented graphically as the vector triangle shown in Fig.6.5.3. This
triangle can always be solved given the direction and magnitude
of one of the three vectors and the directions of the remaining
two. This is the normal situation in planar velocity analysis.
Again, the way in which this works will be illustrated in several
examples after all of the mecessary equations have been
developed.

Based on Eq.{6.5—3), to find the angular velocity, @, fora
given link, we must compute the relative velocity between two  Fig.6.5.3 Velocities of Two Points
pbints on the link, and the velocity must be given relative to the Embedded in 8 Lamina
desired reference frame. For example, the relative velocity relationship for points B and A can be
written as

Vara =0T, (6.5—5)

The vectors will be mutually orthogonal as indicated schematically in Fig.6.5.4. Because we will
know the lines along which each of the vectors must ke, the main problem is to determine the
directions along the lines and the magnitudes of each of the vectors. Given any two of the vector
directions, we can find the direction of the third by observing the directions given by the right-hand
screw rule. Two examples are shown in Fig.6.5.4.

Fig.6.54 The Direction Relationship Among the Vectors vg,, &, and rg,, for Planar Motion

Notice that vgy and rga are always perpendicular to each other. Also, visually, we can
determine the direction of vy, by rotating rg, 90° in the direction of @. Similarly, if we know the
directions of g4 and vg,, we can determine the direction of @ by visualizing the direction in which
we must rotate rp, to obtain the direction of vga.
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Because the three vectors in Eq.(6.5—4) are orthogonal, their magnitudes are related by
Vara|=| @] 72 (6.5—6)
Given any two of the three magnitudes in Eq.(6.5—6) we can easily solve for the third magnitude.

Graphical Acceleration Analysis

Just as was the case for velocity analysis, the key to most graphical acceleration analysis is the
relationship between the accelerations of two points fixed in the same rigid lamina or link. This
relationship can be derived by differentiating the velocity relationship with respect to time.
Rewriting Eq.{(6.5—1)

Vp =V, T OXIg,, (6.5—1)
Differentiating

ay =a, +dafdtxr,,, +@xdr,,, [dt
As was shown above,

dry, . [at=@xry,,

Also, ¢ris defined tg be dea¥d:. Hence
Gy =Q, +aXty,, +OX(@Xrg,) 6.5—7)

As will be demonstrated later, this expression is generally valid for three-dimensional motion,
although it has been derived here only in the planar motion context. For planar motion, it is
possible to simplify the expression by noting that, in this case, @ and rg, are orthogonal ,as shown
in Fig.6.5.5. Also, @X rg, has the magnitude @rpy and is normal to both @ and rgy, in the sense
given by the right-hend screw rule. Then @X (@Xrg,) has the magnitude @?r,,, and is
orthogonal to both @ and @ X rgu. Applying the right-hand screw rule, it can be seen that this
vector X (@X rg;) is always in the negative rpy direction. Therefore it can be written as— &'z, ,
and the relationship between the accelerations of peints A and B is

Gy =a, +0Xrg,, —@°1y,, (6.5—8)
It is usual to write

, . .
A =—0ry, and a,, =0xr,, (6.5—9)

T
ax(@xry=«or

Fig.6.5.5 The Derivation of the Relationship @ (@ x r )= ~ ®*r which is Valid for Planar Motion
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with a;,, called the radial component of the acceleration of B relative to A and aj,, called the
transverse component of the acceleration of B relative to A. As was noted in the case of velocities,
it is not really proper to talk about the velocity or acceleration of one point relative to another point.
The vector ag, is really the acceleration of point B relative to a reference frame with origin at A.
The reference frame moves so that it is.always parallel to the fixed frame.

The vector polygon corresponding to Eq.(6.5—7) is shown in Fig.6.5.6. If a velocity analysis
of the linkage has been performed, the angular velocities of all the links are known, and so the
radial component aj ,; =-w’r,,, can always be calculated and plotted. Hence, if one of the other
vectors is known, and the directions of the remaining two are also known, the polygon can be
solved in very much the same way as the vector triangle was used in velocity analysis. This is the
normal procedure for a graphical acceleration analysis.

47

Fig.6.5.6 Acclerations of Two Points Enbedded In a Moving Lamine

The angular acceleration for a given link is obtained in the same manner as the angular
velocity except that the tangential component of relative acceleration isyised instead of the Jinear
velocity. To find a value of @, we must know the tangential component of the relative acceleration
between any two points on the link, That tangential component of acceleration must be given
relative to the desired reference frame. For example, the relative tangential acceleration relationship
for points B and A can be written as

Aya =X Ty, J
Because we will know the lines along which the vectors must lie, the main problem again is to
determine the directions along the lines and the magnitude of each of the vectors. Given any two of
the vector directions, we can find the direction oftihe third by observing the directions given by the
right-hand screw rule. Two examples are shown schematically in Fig.6.5.7.

Fig.6.5.7 The Direction Relationship Among the Vectors a §,, , &, 7z for Planar Motion

Notice that these relationships are exactly the same as for the velocity expressions if @ is
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replaced by o and v, is replaced by a4;,,. In particular, notice that a4y,, and rga are always
perpendicular to each other. Also, we can determine the direction of aj,, by visually rotating rz,
30° in the direction of or. Similarly, if we know the directions of rz; and ay,,, we can determine
the direction of & by visualizing the direction in which we must rotate rg, to obtain the direction of
p14- :
Because the three vectors in Eq.(6.5—9) are orthogonal, their magnitudes are related by
‘ a;;ml=| a' |ram| (6f5_..10)

Given any two of the three magnitudes in Eq.(6.5—10), we can easily solve for the thmi

magnitude.

Word and Phrases
1. constraint R
2. ingenuity MO, RiHEE
3. robust B, 88
4. iterative RE, &R
5. kinematic BEE
6. linkage EIFHLH
7. degree of freedom HEREE
8. driver BB
9. crank iig]
10. prismatic joint BzhE|
11. revolute joint =21
12. inherently RTERT, BERMN
13. slider Wi
14. entail T
15. derivative B \
16. polygon &hiE 8
17. rigid body Rl &
18. lamina - ERa
19. amenable to BT
20. embellish 2 gt
21. coincident —H. FEH
22. transverse component s
23. tangential component

nasE

6 Ball and Roller Bearings

+ Ball and roller bearings have been brought to their present state of perfection only after a long
period of research and development. The benefits of such specialized research can be obtained
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when it is possible to use a standardized bearing of the proper size and type. Ball bearings are used
in almost every kind of machine and device with rotating parts. However, such bearings cannot be
used indiscriminately without a careful study of the loads and operating conditions. In addition, the
bearing must be provided with adequate mounting, lubrication, and sealing.

Pillow blocks, incorporating ball or roller bearings, are available from stock, and are very
convenient as the mounting and sealing of the bearing has already been done.

Construction and Types of Ball Bearings

A ball bearing usually consists of four parts: an inner ring, an outer ring, the balls, and the
cage or separator, To increase the contact area and permit larger loads to be carried, the balls run in
curvilinear grooves in the rings. The radius of the groove is slightly larger than the radius of the ball,
and a very slight amount of radial play must be provided. The bearing is thus permitted to adjust
itself to small amounts of angular misalignment in the assembled shaft and mounting. The separator
keeps the balls evenly spaced and prevents them from touching each other on the sides, where their
relative velocities are the greatest.

Ball bearings are made in a wide varety of types and sizes. Single-row radial bearings are
made in four series, “extra light, light, medium, and heavy,” for each bore, as illustrated in
Fig.6.6.1(a), (b), and (c). The heavy series of bearings is designated by 400. Most manufacturers
use a numbering system so devised that if the last two digits are multiplied by 3, the result will be
the bore in millimeters. The digit in the third place from the right indicates the series number. Thus,
bearing 307 signifies a medium-series bearing of 30 mm bore. Additional digits, which may be
present in the catalog number of a bearing, refer to the mamufacturer’s details. Some makers list
deep groove bearings and bearings with two rows of balls,

J00 Series Axial theust  Angular confact  Self-aiigning
Mudiurn baaring baaring baaring

Flg.6.6.1 Types.of Ball Bearings

The radial bearing is able to carry a considerable amount of axial thrust. However, when the
load is directed entirely along the axis, the thrust type of bearing should be used. The angular
contact bearing will take care of both radial and axial loads. The self-aligning ball bearing will take
care of large amounts of angular misalignment.. An increase in radial capacity may be secured by
using rings with deep grooves, or by employing a double-row radial bearing.

Radial bearing are divided into two general classes depending on the method of assembly.
These are the Conrad, or nenfilling-notch type, and the maximum, or filling-notch type. In the
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Conrad bearing, the balls are placed between the rings as shown in Fig.6.6.2(a). Then they are
evenly spaced and the separator is riveted in place. In the maximum-type bearing, the balls are
inserted through a filling notch ground into each ring, as shown in Fig.6.6.2(b). Because more balls
can be placed in such bearings, their load capacity is greater than that of the Conrad type. However,
the presence of the notches limits the load-carrying ability of these bearings in the axial direction.

““Notch

(a) Conrad or non-filling notch type (b) Maximem or filling notch type
Fig.6.6.2 Methods of Assembly for Ball Bearings

-

High-carbon chromium steel 52100 is used for balls and rings. It is heat treated to Ligh
strength and. hardness, and the surfaces are smoothly ground and polished. The dimensional
tolerances are -very small; the balls must be very uniform in size. The stresses are extremely bigh
because of the small contact areas, and the yield point of the material may be exceeded at certain
points. Because of the high values of the fluctuating stresses, antifriction bearings are not designed
for unlimited life, but for some finite period of service determined. by the fatigue strength of the
materials. A specified speed and number of hours of expected service must therefore accompany
the given load values for these bearings.

Roller Bearings

When shock and ifmpact loads are present, or when a large bearing is needed, cylindrical and
tapered roller bearings ave usually used. A toller bearing, in general, consists of the same for

elements as a ball bearing: the two rings, the cage, and the rollers. Some typical examples of roller
bearings are shown in Fig.6.6.3.

D
o=

Y

R
WL ZN

ARSI

E

B

I

\ Cylindrical  Fiexible Yescl Tapered  Sphericel | Rolier |
roller raiier aring rotler rolier thrusf
hearing baaring bearing bearing bearing

Fig6.6.3 Types of Roller Bearings
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In the cylindrical roller bearing, the flanges on the rings serve to guide the rollers in the proper
direction. When the flanges are omitted from one of the rings, as shown in Fig.6.6.3, the rings can
thﬂnxbe displaced axially with respect to each other, and no thrust component can be carried.

In addition to the radial load, the tapered roller bearing can carry a large axial component
whose magnitude depends on the angularity of the rollers. The radial load will also produce a thrust
component. The outer ring is separable from the remainder of the bearing. In this type of bearing, it
is possible to make adjustment for the radial clearance: Two bearings are usually mounted opposed
tc each other, and the clearance is controlled by adjusting one bearing against the other. Doublerow
tapered roller bearing are also available.

Roller bearings, in general, can be applied only where the angular misalignment caused by
shaft deflection is very slight. This deficiency is not present in the sphérical roller bearing. It has
excellent load capacity and can carry a thrust component in either direction.

In the flexible roller bearing, the rollers are wound from strips of spring steel, and afterwards
are hardened and gmund to size. If desired, the rollers can bear d1rectly on the shaft without an
inner ring, particularly if the shaft surface has been locally hardened. This bearing has been -
successfully applied under conditions of dirty environment. '

The needle bearing has rollers that are very long as compared to their diameters. Cages are
frequently not used, and the inner ring may of may not be present. The outer ring may consist of
hardened thin-walled metal as shown in Fig.6.6.3; the housing in which the bearing is mounted
must have sufficient thickness to give adequate support. The friction of heedie bearings is several
times as great as for ordinary cylindrical rolier bearings. Because of the tendency of the unguided
rollers to skew, needle bearings are particularly adapted to oscillating loads as in wrist pins, rocker
arms, and universal joints. For continuous rotation; needle bearings are nsually suitable where the
loading is intermittent and variable so that thé needles will be frequently unloaded and thus tend to
return to their proper locations. When the application involves angular misalignment of the shaft,
two short bearings end to end are usually better than one bearing with long rollers. The needlp
bearing is lowpriced and requires very little radial space.

Sphierical roller bearings, Fig.6.6.3, can be used when the shaft hag angular misalignment.

Thrust bearings can be constructed by the use of straight or'tapered rollers.

' Roller bearings are selected by a process simiilar to that used for ball bearings. They must be
chosen, however, in accordance with the recommendations given in the catalog of theé manufacturer
of the particular type of bearing under consideration. |

Contact Stress Between Spheres and Cylinders'

When two bodies having surfaoes of diﬂ‘crerit cﬁrvatun'es are pressed together, an area of
contact develops because there is no such thing as lice or point contact. This area is usually very
small, and the resultmg stress can attam a very high vah!le In addition to rolling contact bearings,

1 Formalas in this section are from Roark s Formulas for Stress & Strain, 6th Edition, by Warren C. Young, McGraw Hill Book Co. 1989
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the problem is of importance in the design of cams and gear teeth. The resulting contact stresses are
often referred to as “Hertz” stresses after the German engineer H. Hertz who first studied their
behavior in 1881. The siress patterns that result from contact between bodies pressed together are
iriaxial states of stress that are concentrated in highly local regions. This suggests that surface
treatment of the bodies can be highly important. We will consider three different types of loading.

Contact between two spheres. For the case of two spheres pressed into contact, the area of
contact will be a circle of radius a. The normal stress at the surface will be maximum along the
center of the circle and will diminish to zero at the edges of this
footprint, as shown in Fig.6.6.4. The radius of the contact area will
increase as the load is increased, and its value will depend on the
relative softness of the material according to the relationship:

e "3FCK,
8

'

where: P i
2 ..
H szl_#l +1_lu2 i
E E,
— dldl
p=—2
d +d,

'Fig.6.6.4 Contact Between
where #1; and 1, are the Poisson ratios for the material of sphere land Two Spheres
sphere 2, and E; and F, are the elastic modulus values for each of the spheres. If the concavity of
either of the two spheres is changed, as would be the case of a ball bearing rolling on the inside
surface of the outer race of a bearing, the sign on the d; values should be changed. Thus, for a
sphere contacting the inside of another sphere, the value of Ky would be:
__ 44 |
? T d-d,
If one of the surfaces of the spheres is flat, as would be the case of a sphere that is resting on a flat
surface, then 1/d=0 for this particular surface. Thus, if a sphere rests on a flat plane, the value of
Kp would be: -
K,=d,
The maximum normal stress will be on the surface of the spheres at the center of the circle of
contact and will be:
o3P
z 2].[ aZ
As the sign suggests, this stress is compression. The state of stress at points within the spheres is
triaxial. This means that there are two other normal stresses at this point that are somewhat smaller
than this value. Thus, the value of this maximum compressive stress O can be used in the
maximum normal stress theory of failure to determine if a design is safe. If the designer wishes to
use another design equation, he or she will need to know the other stress components in the spheres
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and some information about how they change as the distance from the point of contact changes.
Although it is beyond the scope of this text to develop these equations, the theories predict that the
point of maximum shear stress will be at a location along the line of contact at a distance of about
0.5 a below the surface. At this location, the maximum shear stress is:

fm = gazﬂ'
This value conld be used together with the maximum shear stress thcory of failure to determine if
the design is safe.

The relationship between load and deflection for the two spheres in contact will be:

22 .
8= 10401‘FC .
KD

This is a nonlinear relationship that stiffens. .

Contact between two cylinders with parallel axes. For the case of contact between two
cylinders pressed together with parallel axes as shown in Fig.6.6.5, the area of contact will be a
rectangle of width 2& and length I. The stresses will be distributed elliptically over this rectangular
footprint, with the maximum normal stress being along the center of the rectangle. The half width
of the rectangle “b” can be found from:

. ’ZF
b= T[_ICEKD

bl

F

z

Fig.6.6.5 Contact Between Two Cylinders with Parallel Axes
In this expression, the value of / is the length of the cylinders and

=g 1-pty
Cp = mmide o tte
El E2
_ dd,
®Td +d,
As before, if the concavity of either of the cylmde.m is changed, the sign on the d term for that
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cylinder should be changed. If one of the surfaces is flat, the value of 1/d=0. The maximum
normal stress will be on the surface of contact along the center line of the contact rectangle and will
be:
o = -2F
z0 1h I

This maximum normal stress component can be used in the max normal stress theory of failure to
determine if the design is safe from failure. Since the state of stress between the two cylinders is
triaxial, there will be normal stress components at the point of contact in the x and y directions.
Thus, if one wishes to apply some other failure theory, these components will need to be known.
Although it is beyond the scope of this text to develop these equations, the interested reader should
consult the work of Timoshenko and Goodier or Boresi and Sidebottom Iisted as references at the
end of this chapter. For the designer interested in applying the maximum shear stress theory of
failure, the maximum shear stress arising from the contact of these two cylinders will be at a
location about 0.8 below the surface. At this location, the maximum shear stress will be:

T = l::1' 0

w30

Roark reports that the deflection for two cylinders having the same material properties will be of
the following form:

5=M{3+mﬁ+mﬁ]
inE (3 b b
Since the value of b is related to the applied force F, this relationship is nonlinear.

Contact between two cylinders with axes at right angles. Contact between two cylinders
at right angles, as shown in Fig.6.6.6, will result in an area of contact that is an ellipse with ¢ as the
major semiaxis and 4 as the minor semiaxis. These two semiaxes are reported by Young to be:

c=al FK,C;
d=BJFK,C,

F
dz
area of contact
]Ir d
2d
2% mingr axis
major axis
F

Fig.6.6.6 Contact Between Two Cylinders witk Axes at Right Angles
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where:

o iz 1-i
T E E,
__dd,
° 7 d, +d,

and the values of ez and f§ depend on the ratio d;/d; and are found from Table 6.6.1.

Table 6.6.1 Coefficients Needed for the Analysis of Cylinders in Contact with Axes at Right Angles

d/fd; | T 2 3 4 6 10
& 0.908 1.045 1.158 1.350 1.515 1.767 2,175
. B 0.908 6.799 0.734 0.651 0.602 0.544 0.481
A 0.825 0.818 0.804 0.774 0.747 0.702 0.641

For this loading case, the maximum normal stress at the surface will be:

_—15F
0 n(’.‘d

The maximum shear stress will be:

T =

Max

U,_O

L | -

Roark reports that the deflection can be found from the relationship:
P
K,

o=

Each of these three cases of contact stress have been implemented as speadsheet modules to
facilitate the vse of the equations in this section.

Word and Phrases
1. pillow block
2. curvilinear
3. groove
4. bore
5. radial play
6- misalignment
7. designate
8. thrust
9. notch

10, rivet

I1. chromium

12. grind (ground)
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13. polish il
14. shock Bz
15. impact iz
16. tapered i3/
17. flange =, %
18. clearance 1] 78
19, deficiency Rz, A, A5H
20. flexible . R
21. wind (wound) W, 5
22. skew EHH
23. wrist pin G, i, RORH
24. cam L .
25. concavity Y3 : 3
26, elliptically . FRETEH
27, rocker . T '

7 Defining Reliability

Wi
Intent

We learned, that the disciplipe known as reliability was devélpped to provide methods, for
assuring that a product or service will function when it is required to do so by its user: These
methods consist of technigues for determining what cap go wrong, how we can prevent it from
going wrong, and, if something does go-wrong, how we can quickly recover and minimize the
consequences. This chapter presents.the definitions of common terminology applied o the
techniques and provides an understanding of how reliability is regarded under various
circumstances.,

System

In this text, we shall regard any product or service that is used by a consumer as a system.
Accordingly, let us consider a systein to be an arrangement of related material or nonmaterial items
that behave as a whole body, a body whose purpose is to perform some functions or services. Under
this definition 2 system can be a physical assemblage of items (parts) to form a fanctional piece of
equipment or it can be an established sequence of items (that is, a procedure) for performing a
service, Hence, as a product a system can be anything from a tape dispenser to a personal computer
or a power plant, any product fmm which a consumer has usage demands. As a service, a system
can be a medical procedure, a i:irdcess for having a restaurant meal served, or the Internal Revenue

Service.
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Reltability

We can now define reliability in terms of a generic item.

The RELIABILITY of an item is the probability that the item will
perform a specified function
under specified operational and environmental conditions,
at and throughout g specified fime

The first thing to notice in this definition is that reliability is a probability, so we are dealing
with the laws of random chance as they appear in nature. Indeed, occurrences of inopportune
interruptions in functionability or service in a system are random events, the expected frequencies
of which we aim to reduce.

The next thing to notice. is that the definition depends on a specified function, operating
conditions, environment, and time. So before we can deal with reliability, the producer (or provider)
and the user must reach formal agreements on what the product or service is to do, how the user is
to use the product or service (that is, how he or she will operate the product or receive or apply the
service), the range of environments under which the product of service is expected to perform
satisfactorily, and the instant or duration in time that the performance of the product or service is
demanded. |

Demand Time =

The definition of reliability allows for the specification of demand tine to be either an instant
in tithe or a titne Interval. In actuality, the demand time may be # sequence of instances (or periods
of ¢yclesy or it may be a series of intervals. That depends, of course, on the type of system or
setvice. How we apply the definition of reliability to an actual product or service depends heavily
upon the mature of the demand time. Fig.6.7.1 illustratés the four types of demsnd times that can be
apphied to an item’s performance. Each of these suggest a different way of regarding the reliability
of an item. ' a T '

Ttern
performance
Cycle- Time-
dependent dependent
pesformance performance
One- 'Rnpeaﬁad " [Fnie | [ Continuousiy
shot cycles miskion Opéraning
Success ‘ .Suolcess Misslm Availability
probability probability . relisbility MTRF

MTBMA

Fig.6.7.1 Reliahility Parameters
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When the demand time of an item’s performance is either a discrete instant in time or a series
of instances, we shall use the term cycle-dependent performance. A cycle-dependent performance
may be one-shot or repeated cycles. Examples of one-shot iterns are a mouse trap, the cancellation
of a postage stamp, or a match. The one-shot item (product or service) is expected to operate just
once and at one instance in time, the demand time. A postage stamp needs to be canceled just once,
at the point in time that the piece of mail is being processed at the post office. A mouse trap also
needs to operate oncg, at the time the mouse arives. A one-shot item is absolutely useless if it
functions at any time other than the demand time, A toggle switch is an example of a repeated cycle
item. It has a series of demand instances, and it must function every time it is demanded for, say,
turning or a light. '

If the demand time of an item’s performance is a time interval or is continuous, we describe
the performance as time dependent. A time-dependent performance may be for a specified mission
or may be continuously operating. Examples of a specifiedmission operation are the launching of a
satellite or a haircut. Examples of a continuously operating item are a refrigerator, a
power-generating station, or the telephone company’s directory assistance service. Time-dependent
items are expected to operate thronghout their demand intervals without interruption or, in the case
of continuously operating iterns, all the time.

One-Shot Items

The reliability of a one-shot item is best described as its success probablhty—that is, the
probability that the item will perform as expected (as specified, under spemﬁed operating and
environmental conditions) at the specific instance of the item’s demand. Consmcr. as an cxample a
wooden match. If you, the user, strike the match and it hghts, success has been acb1eved On the
other hand, if it fails to light (that is, it is incapable of lighting no matter how many times you strike
it), a failure occurs.

Regarding the definition of reliability in this example, the ifem is the wooden match, the
specified function is the lighting of the match, the specified env:mnmenta! condmons consist of
typical ambient conditions (dry, no wind, etc.), the specified qperatmg conditions consist of the
accepted metheds for striking a match, and the specified time is your demand time (that is, the point
in time that you choose to stnke the match). |

The reliability of the wooden match is its success probability under the spcclﬁed environ-
mental and operating conditions, and it can be expressed as

M
R=PS)=—=—— 6.7—1
(5)= N S+F ¢ )

where P(S)=success probability
N=number of sequential trials of match strikes

S =nomber of successes
F=number of failures

In other words, if we struck millions of similar types of matches, matches that were produced
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through the same process, the ratio of successful lightings to total trials would estimate the success
probability.

Repeated Cycles

As with one-ghot items, the reliability of an item that functions through repeated cycles is also
its success probability. As an example, if you, the user, drop a coin into & postage stamp machine,
the reliability of that stamp machine is the probabi]ity that the machine provides the expected stamp
for you.

To examine the elements of the deﬁnrhon of reliability through our stamp machine example,
the specified function is that the machine produces the stamp that it indicates it will—that is, the
proper denomination or a specific commemorative stamp as pictured on the face of the machine. A
further specified function may be that the machine advertises that it will make change, in which
case the correct amount of change is also expected.

The specified operational conditions would be presented as instructions for operating the
machine; for example, pennies may be restricted or the machine may or may not take paper money.
If you, the user, violate the specified operating conditions by, say, dropping in a penny or by
inserting a $10 bill into the paper money slot when the machine is specified to make change for
only $1 and $5 bills, then the machine is not expeated to perform. Further operating conditions may
be that the machine is not to be used if it indicates that it is out of stamps or that only correct
change is to be used if tha machine mdlcates that it is out of change.

Spec;ﬁad environmental conditions may mclude maintenance of reloadmg {of stamps or
change) instructions and restrictions for the location of the machine (e.g., indoors only). It would be
up to the mamtamer of the stamp machine (the post office or store) to provide the specified
envuonmental condmons Finally, the specified t1me is that instant in time when you choose to
insert your com(s) or bill into the machine.

The response to your inserting of the coin(s) or bill will be either a success or failure. If the
machme prowdes the stamp you ordered and the correct change, if apphcable, the functioning is
conmdemd a success. In other words you got what you wanted ‘when you wanted it. If, on the other
hand, you fail fo get a stamp, or you get the wrong stamp, or you get the wrong change, it is 2
failore. If you fail ‘to get the right stamp or change but specified operating or environmental
conditions were viclated, the function cannot be considered a sucgess or failure,

For millions of transactions with our postage stamp machine leading to success or failure, the
machine’s success probability can be estimated by the number of successes divided by the number
of trials. So the reliability is
s__S_ (6.7—2)
N S+F .
where P(S)=success probability

N=number of trials (either success or failure)
=number of successes
F=number of failures
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Time-Dependent Items of Specified Mission 0o ) T T

When an item’s function is time dependent and it is needed ihrougﬁbht ‘a time intérval—but
only throughout that specified time interval-“its rehhbiﬁty 1§ k:noWn "as mssion’ réability,

expresed as T g
R=R() R e U et e il gy
where R(f)=reliability defined as a function of time f, (i¢.. the. reliability for the specified
duration #) S
t=specified mission time duration SR Y SRR e i

An example is a satellite launching rocket, which must-operate long enough to launch the
satellite but need not operate beyond that. So if the time to ksinch s, sey, 30 min, the rocket must
Operate mthout any failures during that 39 mm mission, aftcrﬁvihﬁh ?tlfnle we do ) not care al:'»c_‘)ut it,
Hence, its nusmon rehabﬂlty is R'—R(r) R(30 mm) We deal wnﬂ determmmg 1111531611 rehablllty
in the next chapter e

As another cxample conmder hamg dinmer’ at%a restaimht. "The fhissién in ‘this case is the
interval from the time you enfer tﬁe réstaurdnt uptil you Teavé for S’oﬁf next atﬁﬁrlt{y (or, pbgﬁgﬁf
witil “your Body Has satisfactorily digested ait e téstauratity ¥ood): ThE relisbility is- HEHRES
probabilny ‘that ¢ your restaurant - experience "is” Failtifé freé throughiut the definéd mission:
Reliability in tfis example is'cortainly a fubction of the systeriis within'fHe Pestaviretit. But it is
concerned only with results during youir demand interval, not before it @hd fiok afvek i, - v

For-some types of services, such 4§ a paint jéb, the mission time-may beé defined by the

-upon warrantee period. The paintey may guaarantee. that the exterior paint jobren your hobse
will be effective for 3 years, and that becomes the mission time.

Fhonre o gl

Continuously Operating Items SNIEE
i{ .

Now let us consider the type of item that ] s reqmred to operate continuously, forever or for the
duration of a long, extended service life. Here we a{e talking about products such as a personal
computer or your home’s heating system and sermcesh ‘such as electric power or the postal systzm
Because there are no finite missions associated w1th the operation of such iterns, mission rehabﬂlty
is not the best way to define or specify reliability reqmremcnts Nevertheless duration rehafnhty,
R(?), values are sometimes used, regardless’ of the Yact that R() is relatively meaningless’ m such
situations. For example, we may consider the probaﬁihty that electric power is providéd ‘without
incident during the hours of 5:00 p.m. to 8:00 pm'“L—in other words, the interval telizbitity<for a
fictitious mission within our infinite demand time, ™ ST

More useful refiability parameters for continuously operating items are 8 irfein ! fime
between failures (MTBF) and the availability. The MTBF tells us how frequentty; orr theaverage,
we can expect our item to experience an outage. The availability tells us the proportion «f thé time
that we can expect our item to be operating. Assoéiated with these characteristics ardthe mean
downtime (MDT), the average time that it takes to return to an operating state after an outage has
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occurred, and the outage rate, the complement of availability, or'the portion of the time that we can
expect our item to be down.
Availability and cutage rate are reiated as follows.,

availability=1—outage rate (6.7—4)
In the gjmplest possible situation an item’s availability is
= MIBE. (6.7—5)
MTBF+MDT

and an item’s outage rate (OR) is

" OR= DT (6.1—6)
MTBF4+MDT - S '
In la.ter chapters you wﬂl see that for complex itcms Eq 6. 7-—5 and 6. 7—-6 are not neccssanly

u-ue_ Wbl L

A Associated with contmuously operaung 1tems are the mean time between maintenance
aaﬂpl}s MTBMA) and the egn time to rcstore (MTI‘R) The MTBM{\ 15 the average
frequency, of (preventive or gorective) majntegance actions upon the item, whether or not the
mmgxenamqacuons impose or are in respanse to an ontage, The MTTR is the average time taken
up by maintengnce activities, whether or not the item is inoperable qlqnng,the maintenance
activities, If the ifem is always out during maintenance, then MTBMA =MTBF and MTTR =MDT.
You will see i later chapters, however, that the MDT may be composed of 2 Jogistics delay time
angd an administiative downtime in addition to maintenance downtime. - 5 .

Word and Phrases R
1. assemblage £E e L
2. pulse o 2
Lepindle U A LE
4. sorew ;"'_;f e T
S_j;nﬂhnsmacmne L, R
Whe . )
‘ (?,tm'ret e IIEE (E—HE)
e kel'lﬁ . CyT o ﬁA“ L
o 15 m%?motor. C e JARENE
10. torque R, BE
M feadback . .-, ol R _ L
12, diserepancy <« - . . ot R . .
.1 13, tramsdueer - - . o L TR
s184, tpol magazine: ’ . JIRE
I5. sequential il )
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8 Construction of CNC Machines

CNC machire tools are complex assemblies, and a more detailed 'study is a topic for a separate
book. However, in general, any CNC machine tool consists of the following units:

1. Computers

2. Contro! systems

3. Drive motors

4, Tool changers

According to the construction of CNC machine tools, CNC machines work in the following
(simplified) manner:

1. The CNC machine control computer reads a prepared program and translates it into
machine language, which is a programming language of binary notation used on computers, not on
CNC machines.

2. When the operator starts the execution cycle, the computer translates binary codes into
electronic pulses which are automatically sent to the machine’s power units. The control units
compare the number of pulses sent and received. _

3. When the motors receive each pulse, they automatically transform the puolses into rotations
that drive the spindle and lead screw, causing the spindie fomﬁon and slide or table movement. The
part on the milling machine table or the tool in the lathe turret is driven to the position specified by
the program.

Computers

The first NC machines relied on electronic hardware based on the digital circuit technology
available at that time. These machines had no memory and were not able to store programs. To
produce a new part, the NC machine had to reread the program one statement at a time and execute
each statement before proceeding. CNC machines, introduced in the late 1970s, are less dependent
on hardware and mare dependent on software. These machines store a program into memory when
it is first read in. This provides for faster operation when producing a number of identical parts,
since the program can be recalled from memory repeatedly without having to read it again. CNC
machines use an on-board computer that allows the operator to read, analyze, and edit programmed
information, while NC machines require ppérators to make a new tape to alter a program. In
essence, the computer is what distinguishes CNC from NC.

As with all computers, the CNC machine computer works on a binary principle using only two
characters, 1 and 0, for information processing. The computer reacts on precise time impulses from
the circuit. There are two states, a state with voltage, 1, and a state without voltage, 0. Series of
ones and zeroes are the only states that the computer distinguishes, Called machine language, it is
the only language the computer understands. When creating the brogram the programmer does ot
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care about the machine language; he or she simply uses a list of codes and keys in the meaningful
information. Special built-in software compiles the program into machine language and the
machine moves the tool by its servomotors. However, the programmability of the machine is
dependent on whether there is a computer in the machine’s control. If there is a minicomputer
programming, say, a radius (which is a rather simple task), the computer will calculate all the points
on the tool path. On the machine without a minicomputer, this may prove to be a tedious task, since
the programmer must calculate all the points of intersection on the tool path.

Modern CNC machines use 32-bit processors in their computers that allow fast and accurate
processing of information. This results in a savings of machining time.

Drive Motors

The drive motors control the machine slide movement on NC/CNC equipment.

They come 1n four basic types: |

1. Stepper motors

2. DC servomotors

3. AC servomotors

4. Fluid servomotors

Stepper Motors convert a digital pulse, generated by the microcomputer unit (MCU), into a
stnall step rotation. Stepper motors have a certain number of steps that they can travel, The number
of pulses that the MCU sends to the stepper motor controls the amount of the rotation of the motor,
Stepper motors are mostly used in applications where low torque is required.

Stepper motors are used in open-loop controf systems, while AC, DC, or hydraulic
servomotors are used in closed-loop control systems. (Control systems are discussed in the next
section.}

Direct Current (DC) servomotors are variable speed motors that rotate in response to the
applied voltage. They are used to drive a lead screw and gear mechanism. DC servos provide
higher-torque output than stepper motors.

Alternative Current (AC) servomotors are controlled by varying the voltage frequency to
control speed. They can develop more power then a DC servo. They are also used to drive a lead
screw and gear mechanism.

Fluid, or hydraulic, servomotors are also variable speed motors. They are able to produce
more power, or more speed in the case of pneumatic motors, than electric servomotors, They
hydraulic pump provides energy to valves that are controlled by the MCU.

Control Systems

There are two types of control systems on NC/CNC machines: open loop and closed loop. The
overall accuracy of the machine is determined by the type of control loop used.

The open-loop conirol system does not provide positioning feedback to the control unit, The
movement pulses are sent out by the control and they are received by a special type of servomotor
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called 2 stepper motor. The number of pulses that the control sends to the stepper motor confrols the
arnount of the rotetion of the motor. The stepper motor then proceeds with the next movement
commeand. Since this control system only counts pulses and cannot identify discrepancies in
positioning, the control has no way of knowing that the tool did not reach the proper location. The
machine will continue this inaccuracy until semebody finds the error.

The open-loop control can be used in applications in which there is no change in load
conditions, such as the NC drilling machine. The advantage of the open-loop control system is that
it is less expensive, since it does not require the additional hardware and electronics needed for
positioning feedback. The disadvantage is the difficulty of detecting a positioning error. .

In the closed-loop control gystem, the electronic movement pulses are sent from the control to
the servomotor, enabling the motor to rotate with each pulse. The movements are detected and
counted by a feedback device called a transducer. With each step of movement, a transducer sends
a signal back to the control, which compares the current position of the driven axis with the
programmed position. When the number of pulses sent and received match, the control staris
sending out pulses for the next movement.

Closed-loop systemns are very accurate. Most have an automatic compensation for error, since
the feedback device indicates the error and the control makes the necessary adjustments to bring the
slide back to the position. They use AC, DC, or hydraulic servomotors.

Tool Changers .

Most of the time, several different cutting tools are used to produce a part. The tools must be
replaced quickly for the next machining operation. For this reason, the majority of NC/CNC
machine tools are equipped with automatic tool changers, such as magazines on machining
centers and turrets on turning centers (Fig.6.8.1). They allow tool changing without the intervention
of the operator. Typically, an automatic tool changer grips the tool in the spindle, pulls it out, and
replaces it with another tool. On most machines with automatic tool changers, the turret or
magazine can rotate in either direction, forward or reverse.

MAGAZINE TURRET

RROEHEVOEO®

Fig.6.8.1 The Automatic Tool Changers Used Most Often

Tool changers may be equipped for either random or sequential selection. In random tool
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selection, there is no specific pattern of tool selection. On the machining center, when the program
calls for the tool, it is automatically indexed into waiting position, where it can be retrieved by the
tool handling device. On the turning center, the turret automatically rotates, bringing the tool into
position.

In random tool selection, the tools do not have to be loaded into the magazine or turret in the
order in which they are called for in the program. The machine control knows where to find a
particular tool as many times as it appears in the program. For instance, in one program, tools are
called for in the following order: 1-2-3-4-5. However, they may be loaded in the magazine in any
order, such as 5-1-34-2. This is illustrated in Fig.6.8.2.
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Fig.6.8.2 Random Tool Selection

In sequential tool seleétion, the tools must be loaded in the exact order in which they are
called for in the program. (Fig.6.8.3). Even if the tools are not in the correct order, the next tool is
automatically selected, whether or not it is suitable for the next machining operation. When it is
necessary to use a tool twice, the operator must load another tool with the same purpose.

Fig.6.8.3 Sequential Tool Selection

The advantage of sequential tool selection is that less time is needed for indexing the tool into
waiting position. The disadvantage is that more time is needed for setup when switching to a job
with a different order of tools. This means that although the same tools are to be used, they have to
be preloaded (rearranged) because of a different order in the program. The majority of modem
machines are able to return the tool in the magazine and to search for the next tool during the
program execution, This eliminates the time advantage of sequential tool selection, making random

tool selection a standard feature on today’s CNC machine tools.
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9 Accelerometer Designs

An accelerometer 1s an electromechanical transducer which generates an electrical output
when subjected to mechanical shock or vibration. Accelerometers are inertial sensors which make
measurements by virtue of Newton’s second law. Unlike displacement and velocity, which are
usually determined with respect to an arbitrary reference point, acceleration can be measured on an
absolute basis.

Shock and vibration measurements are vital to the development, testing and operation of
structures and machines in all fields of engineering. Accelerometers are widely used because of
their accuracy, robustness, wide frequency response, and sensitivity. In general accelerometers are
smaller, lighter, and easier to install than other types of vibration sensor.

In this section the design characteristics, operating principles, and Limitations of the most
common forms of accelerometer are described. The underlying mathematics are discussed in
section 4.2. Clearly, few if any users will wish to design their own accelerometer. However,
understanding how a sensor operates is an essential prerequisite to its intelligent selection and ugse.

Piezoresistive Accelerometers

-

The piezoresistive effect occurs in silicon and other materials, and is used in the fabrication of
minjature accelerometers. As the name implies, a change in electrical resistance occurs in response
to changes in the applied stress. Piezoresistive (FR) vibration sensors are formed by placing
stress-sensitive resistors on highly stressed parts of a suitable mechanical structure. The PR
transducers are usually attached to cantilevers, or other beam configurations, and are connected in a
Wheatstone bridge circuit. The beam may carry a seismic mass or may utilize its own self-weight,
Under acceleration the beam deflects due to the inertial forces and undergoes stress changes. These
stress variations are converted inio an electrical output, which is proportional to acceleration, by the
PR transducers.
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PR accelerometers are relatively easy to construct, provide a low frequency response
extending to DC, and work well over a relatively large temperature range {—50°C to+ 150°C). A
further feature which makes them valuable is their ability to include signal processing and
communication functions within the sensor package at little extra cost.

The drawbacks of PR devices are that the output signal level is moderate (typically 100 mV
full scale for a 10 V bridge excitation), the sensitivity can be temperature dependent, and the usable
bandwidth is not as large as that which may be obtained from a PE sensor.

Before considering the design of PR accelerometers in detail, we need to understand the
phenomenon of piezoresistance.

Analysis of Piezoresistance

If a rectilinear resistor has length I, width w, thickness f and a bulk resistivity p, its resistance
R will be:

rR=£t (6.9—13)

The gauge factor or strain sensitivity is defined as &, where:
dR/R
£
€ is the relative change in length of the resistor (the strain) due to a stress, ¢, applied to the
substrate parallel to its length, Fig.6.9.1 shows the consequences of the applied stress. The length
increases by an amount d/, while the width and thickness decrease by dw and dr due to Poisson’s
ratio v. It is clear that dw= —vweand dt= —wte '
The original cross-section was:

k=

(6.9—14)

A=wr

/ y ’ _&:7 t—dt
"p’;’r.{,...._._._._.-..._--;/I.;?‘::,, l
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Fig.6.9.1 Geometrical Changes due io Applied Stress
Owing to the strain &, the new cross-sectional area is
A =(w-dw)(t—dt) =wt+2vwie+vinte

The term (v*wre) is very small compared with the other two terms in the equation and can be
neglected. We can therefore write the change in cross-sectional area as
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A—A =dA=-2veA
giving
% =—2ve
A

Differentiating Eq. (6.9—13) gives

R p I A
hence the gauge factor & is:
k= 9—‘2'—"+(1+ 2v) (6.9—15)

Typically v will be between 0.2 and 0.3. Eq. (6.9—15) therefore shows that the longitudinal gauge
factor is 2 function of changes in both longitudinal resistivity and geometry. In a conventional foil
or wire strain gauges the piezoresistive effects are negligible, and the variations in resistance are
mainly a function of dimensional changes. For a foil gauge k is approximately 2. For PR strain
gauges the first term in Eq. (9.6—15) is significant, and higher gange factors (typically around 10)
can be achieved, giving enhanced sensitivity. It should be noted however that the resistivity of most
PR materials is strongly temperature dependent, and that as a result PR strain gauges generally have
a higher thermal sensitivity than other types.

Silicon Piezoresistive (PR) Accelerometers

One of the first silicon accelerometers was demonstrated in 1976. It consisted of a single
cantilever carrying PR strain gauges near iis root. The device was fragile and required the inclusion
of a liquid-filled cell for damping. Improved designs have since appeared.

Three types of silicon PR accelerometer have since evolved, as shown in Fig.6.9.2. These are
the single canilever, the doubly supported structure, and the “fop hat” design. It will be noted that,
despite its name, the single cantilever design can have one, two or more supporting beams carrying
the seismic mass. The distinguishing feature of this type is that the support beams are all placed
along one edge. The doubly supported cantilever of Fig.6.9.2(b) uses four supporting beams, and

{c) Doubla cantilever with lop hat springe

Fig.6.9.2 Three Types of Silicon PR Accelerometer
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for this reason is sometimes referred to as a quad cantilever. The top hat approach is implemented
when a device capable of undergoing large displacements is required. If the supports are folded as
shown in Fig.6.9.2(c) the effective length can be increased, while the package size is kept constant.
In all three types viscous damping is provided by the inclusion of a small volume of air.
The single cantilever type has the highest gain, but can also have a large transverse sensitivity.
The doubly supported and top hat designs provide good off-axis cancellation and are reasonably
robust. They are consequently the inost common configuration for PR silicon accelerometers.

Resonance Frequency

The resonance frequency of a silicon PR accelerometer is determined by the stiffness of the
suppo}t structure and the seismic mass as discussed previously. Typical resonance frequencies for
silicon PR accelerometers are in the range 500-5 000 Hz. Thus the bandwidth is considerably lower
than that of a typical PE device. For comparison, thick film devices (see later) usually have
resonance frequencies between 300 and 2 000 Hz.

Sensitivity of Silicon Accelerometers

The sensitivity increases with seismic mass mi,, decreases with support stiffness K, and is
modulated by a transduction efficiency term b:

sensitivity =4 - ”;E

The main parameters which determine b are the position of the PR transducers, the number of PR
transducers, and the transduction efficiency of the transducers, which is a function of their
geometry and chemical constitution.
The sensitivity is also inversely proportional to the square of the resonance frequency f-
(2m)'b
2

sensitivity= = (6.916)

Eq. (6.9—16) shows that if a sensitive accelerometer is required the resonance frequency should be
as low as possible. Thus the sensitivity requirement is in conflict with the need for a large
bandwidth. A typical doubly supported design with an output of 5 mV/g per volt of bridge
excitation will have a resonance around 500 Hz, implying the usefal bandwidth extends from DC to
around 150 Hz. If the design is modified so that the resonance moves to 37 kHz, which is
approaching the practical limit for this type of accelerometer, the sensitivity decreases to 5 uVig
per volt of bridge excitation. #

I

Off-Axis Modes and Transverse Sensitivity

A major advantage of the doubly supported type is a substantial reduction in transverse
sensitivity and unwanted resonant modes compared with the single cantilever. The three principal
modes of vibration for a doubly supported cantilever are shown in Fig.6.9.3. The intended axis of
sensitivity is vertical, and therefore only the mode shown in Fig.6.9.3(a) is desired. However, for
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the modes shown in Fig.6.9.3(b) and (c), which are excited by off-axis acceleration, opposite sides
of the structure undergo opposite forms of bending. Careful positioning of the PR transducers and
the use of a bridge circuit can therefore be used to give a high degree of immunity to outputs
originating from these modes. No such symmetry exists in the case of a single cantilever. The
maximum transverse sensitivity of a doubly supported PR silicon accelerometer is comparable with
that of a PE device, and is typically 5% of the main axis sensitivity.

(b)

Fig.6.9.3 Three Principal Modes of Vibration for Doubly-Supported Cantilever

Word and Phrases -
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10 Sigma-Delta One-Bit Converters

Sigma-delta converters are difficult to categorize, For starters, they are symmetric in the sense
that the same structure can be used to create either an A/D or a D/A converter. In the speed range,
they usually overlap with successive-approximation converters, In operating principle, however,
they look most like pulse-width modulation. Developments in sigma-delta converters have been
driven by the need for low-cost, high-precision converters. The lowest cost can be achieved in
high-production devices by incorporating the converter onto the same integrated circuit as the other
functions needed for system operation. Since converters by nature have both analog and digital
information, the IC chips that include them must be hybrid designs (i.e., have a mixture of analog
and digital circuitry on the same chip). There is a strong premium in hybrid chips to minimize the
amount of analog circnitry since it is more difficult to manufacture reliably and also occupies more
space than digital circuitry. The sigma-delta converter fills this need by increasing the reliance on
digital circuits and minimizing both the amount and the sensitivity of analog circuitry needed for a
given conversion performance. . ' )

The best known example of sigma-delta converters is in compact-disk players that are
advertised as having “one-bit” converters. These are sigma-delta D/A converters. In broad terms,
they have no advantage over other types of D/A converters, except for lower cost, but the term has
been seized on by the advertising industry as a distinguishing characteristic.

Deita Modulation ~

The delta modulator serves as the basis for sigma-delta converters. The key idea behind this
modulation scheme is to “track” the incoming analog signal in an average sense and produce a
digital waveform that can be used to represent the analog signal. The demoﬂulation process
recovers an analog signal from the digital waveform by filtering. As with any modulated signal, the
modulation (or catrier) frequency must be much Ingher than the highest frequencies of interest in
the original signal in order for the representation to have a high degree of fidelity.

Fig.6.10.1 on the next page shows a delta modulator and a delta demodulator. As shown, the

Delta modulator

Analog
input + Clockead G
comparator —

Integratos

Dalta demodulator

at !
—>{ ) Integrator hﬁ; pass | o Vout

Fig.6.10.1 Delta Modulator/Demodulator
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output of the modulator, d(z), is fed directly into the demodulator. This is dote to show how the
modulated signal is created and interpreted; in practical applications, some form of digital
processing would normally take place on d(f) before putting it through the demodulator. The cutput
of the modulator, d(), is a digital signal, since it is the output of a comparator. The input signal, Vi,
and the internal (estimated 'signal, V.4 are analog signals. By summing the modulated
signalthrough the integrator an estimate of the input is produced. The feedback comparison then
produces an error signat that is then used to create d(#). As the sign of the error changes, d(r)
switches from one digital value to the other. The carrier frequency of this process is determined by
the clock frequency used for the clocked comparator. '

The top graph of Fig.6.10.2 shows the input (solid) and estimated (dashed) signals; the middle
graph shows the modulated signal, d(f). The comparator used outputs of —1 and +1. A
lower-than-normal clock frequency is used so that the nature of the signals can be seen clearly on
the graph. In practice, the clock frequency must be high enough so that the error in Vi is within the
project specifications. The demodulation process first passes the modulated signal through an
integrater, then filters out the high-frequency (carier) part of the signal in a low-pass filter. The
input (solid) and the demodulated signal (dashed), V., is shown in the lower graph of Fig.6.10.2.
The phase and amplitude differences are due to the action of the low-pass filter, which was only
first order for this simulation.

Fig.6.10.2 Simulation of Delta Modulation/Demodulation

Sigma-Delta Modulation

Sigma-delta converters use a feedback structure similar to that of the delta modulator to
produce a modulated one-bit digital signal at the output of the comparator (Fig.6.10.3). This same
basic structure applies to both analog-to-digital and digital-to-analog converters. The modulation
process, which is a generalization of the delta modulator shown in Fig.6.10.2 is the heart of the
converter and the reason why so little analog circuitry is needed. The output of the converter is at
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the output of the filter. This block diagram shows generalized signal domains, so it can represent
either an A/D or D/A converter.

Y-scale . V-scale .
+* 1-bit
Yin —>{ Integrator > Comparator Fiter |—»

- F-goaia

Scaler
V-scale -bit

Fig.6.10.3 Sigma-Delta Converter Structure

Three scale domains are shown in the figure, The V-scale domain indicates signals in the same
units as the input signal, V},; the one-bit domain consists of signals that are one-bit digital values;
and the F-scale domain is scaled to the output units. Note that, as pictured, this is a generic
sigma-delta converter—it can be implemented as either a D/A or an A/D converter, The feedback
loop is constructed in such a way that on average the output of the scaler will be equal to the input
value, Vi, The input to the scaler is a one-bit signal, so its output will be either the minimum or
maximum of the V-scale range. If it is the high limit value, it will generally be larger than V;, so
the outpuit of the subtraction will be negaﬁve. This causes the integrator to start integrating down;
when its output crosses zerc, the comparator switches, the scaler’s output switches to the low
V-scale limit, and the integrator starts integrating up. Since the scaler can only produce
extremevalued outputs, there will be constant switching going on in the comparator, The result is
that the output of the comparator is a modulated one-bit signal such that its average value
corresponds to the converter’s input value, The filter does the averaging necessary to turn the
modulated signal into a scaled representation of the input. This is illustrated below with an example,
but first this generic converter will be turned into an A/, then a D/A. converter.

This sigma-delta structure is specifically designed for use as a converter, as compared to the
more general modulation structure of the delta modulator. As such, it has some advantages over the
delta modulator shown in the Delta Modulation Section. First, it requires only one integrator.
Second, the designer of the converter has more control of how quantization noise will influence the
device and therefore, can tailor it to the intended application. Third, the sigma-delta structure is
better at dealing with rapidly changing input signals.

Sigma-Delta Analog-to-Digital Converter

In an A/D converter the V-scale domain is analog. The input signal is the unknown analog
voltage; the subtractor and integrator are analog components; the comparator is, in effect, a one-bit
A/D converter; the scaler is a one-bit D/A converter; and the filter is a digital filter. Although the
D/A converter is only one bit, it still plays an important role. Whereas its input is a digital signal
whose actual voltage value can fall anywhere in the acceptable range for the logic family involved,
its output is analog and must conform to the proper voltage within the noise tolerances on the
analog side.

134



The F-scale domain is an n-bit digital domain, where the n-bit value is the output of the
analog-to-digital conversion. The digital filter is often implemented with a digital signal processor
(DSP). This structure is shown in a relabeled version of the converter structure (Fig.6.10.4). The
one-bit domain is assumed to be synchronous, so that the operation of the one-bit ADC (comparator)
and the digital are synchronized by a common clock.

Analog Analeg

+ 1-bit

Integrator 1-bit ADC Fiter |—>

Yin

= n-bit

1-bit DAC -
Analog 1-bit

Fig.6.104 Sigma-Delta A/D Converter

An example of the output from a simple operating A/D converter is shown in Fig.6.10.5,
which shows the output of the integrator and the comparater, and Fig.6.10.6, which shows the
output of the filter. The input domain is analog, with a range of —1.0 to +1.0. The input signal is
a constant voltage of 0.3. The output range is 0.0 to 1.0. The simple design, in both the converter
and the digital filter, is used so that the operating principles can be demonstrated in a short
simulated record. )
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Fig.6.10.5 Sigmo-Delta Converter Operation: Integrator and Comparator
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Fig.6.10.6 Sigma Delta Operation: Filter Output

Looking first at the comparator (one-bit ADC) output, it takes on only the digital values of ¢
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or 1 {the time scale is in number of time steps; sloped lines are interpolated from point to point by »
the drawing program). Consistent with the fact that the input value is in the top haif of the input
domain’s range (1.3out of 2.0), the comparator has a value of 1 for more of the time than the value
is 0, The integrator. on the other hand, crosses back and forth across zero, causing the comparator
to switch each time it crosses Zero. Again, consistent with the input value, the integrator is above
zero for more time than it is below. The integrator is in the V-scale domain and takes on arbitrary
values between —1.0 and 1.0.

Output signals are shown for two types of filters, a FIR (finite impulse response) filter and an
IR (infinite impulse responsé_) filter. The IIR filter is a digital version of a standard analog filter. In
this case, the first-order filter implemented is described by the input-output relation,

where u is the input to the filter and y is its output. This type of filter has a theoretically infinite tail,
That is, if u is a constant, y will approach that constant value exponentially. The resulting signal
takes about 15 time steps to reach its final value, then varies around its final value with an
amplitude of about 0.1. This variation is what determines the precision of a sigma-delta converter.
In this case the variation is about-{ part in 20, giving a converter with about four-bit precision.

A FIR filter differs from an IIR filter in that the right-hand side of the filter equation has
values of the input, &, and its past values, but the previous values of the output, y, do not appear,

¥ =Couy, +Cy  + Gyt ++- (6.10—3)

The simplest form of this filter is when all the coefficients have the same value, 1/n, where n is the
number of terms. This is also called a boxcar filter; it is a moving average of the most recent n
points. The IIR filter shown in the figure is of the boxcar type, with n=10. It has roughly the same
rise time as the FIR filter and about the same amount of variation—but many more terms. There is
a major advantagc of using a FIR filter with a sigma-delta converter, however. Because the inputs
are all 0’s and 1’s, no multiplications are necessary; if an input is 1, the corresponding coefficient is
added into the sum. Otherwise, the term is skipped.

The FIR filter is also more sensitive. to patterns in the input. In Fig.6.10.7, for example, all
parameters are the same as in the previous case, except that the input, Vi, is zero, This is exactly at
the midpoint of the V-scale range, so the modulation pattern is completed within the 10 samples of
the filter, so no cutput variation appears after the filter has settled. In this case, the IIR filter shows
its characteristic variation, but the FIR filter does not. Another advantage of the FIR-based
sigma-delta converter is that it handles oversampling effectively (another advertising buzzword for

CD players).
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Fig.6.10.7 Filter Output for Vin=0
Sigma-Delta Digital-te-Analog Converters

The D/A sigma-delta structure is shown in Fig.6.10.8. The input value is the digital number to
be converted, the accumulator is a digital summation element, and the comparator and scaler are
also fully digital components. The filter is an analog filter. Because it is apalog, the filter will of
necessity be of the IR type. The performance curves given above can just as easily be interpreted
as D/A performance as they were for A/D, except that the FIR filter outputs should be ignored since
they cannot be realized in analog form. This system is & version of the one-bit DAC of CD fame.

n-bit ~ nbit :
+ 1-bit

Vi, Accumulator — Comparator > Filter —>»

- Scaler
n-bit , 1-bit

Fig.6.10.8 Sigma-Delta Digital-to-Analog Converter Structure
Sigma-Delta Design Considerations

Design of practical sigma-delta converters focuses on three aspects of the design: the
modulator, the filter, and cost. The structures shown previously are first-order modulators
Higher-order modulators can be used to improve noise rejection and to increase the dynamic range
of a converter. Multiorder feedback or feedforward structures can be used. The feedback structures
are simpler but harder to design. Becanse of the feedback structure used for all sigma-delta
converters, there are possibilities of instabilities caused from loop closure. It is more difficult to
assure stability for higher-order feedback structures because the comparator and scaler are
nonlinear elements and make the stability analysis difficult or impossible, Stability cannot be
guaranteed for higher-than-second-order sigma-delta structures. Higher-order feedforward
structures, on the other hand, have gnaranteed stability since they use cascaded first-order elements
that are guaranteed to be stable. However, they use more components for the same performance.

Filter design is a major course of study in itself. For sigma-delta DACs, the output filter is
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analog, so the design decisions involve standard filter design parameters. For the ADC, however, it
is possible to use either FIR or IR filter structures. IR filters achieve similar performance with
fewer terms (as in the previous example) but are more difficult to design. FIR filters also have
linear phase response (which is of particular importance in audio applications) and can be used
directly in decimation configurations.

Cost is often more of a consideration in sigma-delta converters than in other types because
they are peculiarly applicable to incotperation in high-volume integrated circuits. Extremely careful
specificaiion of input and noise signal characteristics and realistic specification of performance
constraints are critical to arriving at the most cost-effective design.

Word and Phrases
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- 11 Exergy (Availability) Analysis

Defining Exergy

The basis for the exergy concept is present in the introduction to the second law. A principal
conclusion is that an ppportunity exists for doing work whenever two sytems at different states are
brought into communication, for in principle work can be developed as the systems are allowed to
come into equilibrium. When one of the two systems is a suitably idealized system called an exergy
reference environment or simply, an environment, and the other is some system of interest, exergy is
the maximum theoretical work obtainable as they interact to equilibrium.

The definition of exergy will not be complete, however, until we define the reference
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environment and show how numerical values for exergy can be determined. These tasks are closely

related because the numerical value of exergy depends on the state of a system of interest, as well
as the condition of the environment.

Exergy Reference Environment

Any system, whether a component of a larger system such as a steam turbine in a power plant
or the larger system itself {(power plant), operates within surroundings of some kind. It is important
to distinguish between the environment used for calculating exefgy and a system’s surroundings.
Strictly speaking, the term surroundings refers to everything not included in the system. However,
when considering the exergy concept, we distinguish between the immediate surroundings, where
intensive properties may vary during interactions with the system, and the larger portion of the
swrroundings at a distance, where the intensive properties are unaffected by any process involving
the system and its immediate surroundings. The term emviromment identifies this larger portion of
the surroundings.

Modeling the Environment

The physical world is complicated, and to include every detail in an analysis is not practical.
Accordingly, in describing the environment, simplifications are made and a model results. The
validity and utility of an analysis using any modet are, of course, restricted by the idealizations
made in formulating the model. In this book the environment is regarded to be a simple
compressible system that is large in extent and uniform in temperature, Ty, and pressure, pg. In
keeping with the idea that the environment represents a portion of the physical world, the values for
both p, and T, used throughout a particular analysis are normally taken as typical environmental
conditions, such as 1 atm and 25°C (77°F). The intensive properties of each phase of the
environment are uniform and do not change significantly as a result of any proceés under
consideration. The environment is also regarded as free of irreversibilities. All signiﬁi:ant
irreversibilities are located within the system and its immediate surroundings.

Although its intensive properties do not change, the environment can experlence changes inits
extensive properties as a result of interactions with other systems. Changes in the extenswe
properties internal energy U, entropy S, and volume ¥, of the environment are related through the
first T dS equation, Since 7, and p, are constant, The eguation takes the form

AU, =T AS, - p, AV, (6.11-—1)
In this chapter kinetic and potential energies are evaluated relative to the environment, all parts of
which are considered to be at rest with respect to one another. Accordingly, as indicated by the
foregoing equation, a change in the energy of the environment can be a change in its intemal energy
only. Eq. (6.11—1) is used below to develop an expression for evaluating exergy. Later the
environment concept is extend;d to allow for the possibility of chemical reactions, which are
excluded from the present considerations.
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Dend State

Let us consider next the concept of the delad state, which is also important in completing our
understanding of the property exergy.

If the state of a fixed quantity of matter, a closed system, departs from that of the environment,
an opportunity exists for developing work. However, as the system changes state toward that of the
environment, the opportunity diminishes, ceasing to exist when the two are in equilibrivm with one
another. This state of the system is called the dead state. At the dead state, the fixed quantity of
matter under consideration is imagined to be sealed in an envelope impervious to mass flow, at rest
relative to the environment, and internally in eguilibrium at the temperature T; and pressure p, of
the environment. At the dead state, both the system and environment possess energy, but the value
of exergy is zero because there is no possibility of a spontaneous change within the system or the
environment, nor can there be an interaction between them.

With the introduction of the concepts of environment and dead state, we are in a position to
show how a numerical value can be determined for exergy. This is considered next.

Evaluating Exergy

The exergy of a system, E, at a specified state is given by the expression
E=(E-Uy)+ p,(V-¥)=T,(5-§,) (6.11—2)

where E(=U-+KE+PE), V, and § denote, respectively, the energy, volume, and entropy of the
system, and Uy, Vo and Sp are the values of the same properties if the system were at the dead state.
By inspection of Eq. (6.11—2), the units of exergy are seen to be the same as those of energy.

In this book, £ and e are used for exergy and specific exergy, respectively, while E and e
denote energy and specific energy, respectively, Such notation is in keeping with standard practice.
The appropriate concept, exergy or energy, will be clear in context, Still, care is reguired to avoid
mistaking the symbols for these concepts.

Eq.(6.11—72) can be derived by applying energy and entropy balances to the combined system
shown in Fig.6.11.1, which consists of a closed system and an environment. Exergy is the
maximim theoretical work that could be done by the combined system if the closed system were to
come into equilibrium with the environment — that is, if the closed system passed to the dead state.
Since the objective is to evaluate the maximum work that could be developed by the combined
system, the boundary of the combined system is located so that the only energy transfers across it
are work transfers of energy. This ensures that the work developed by the combined system is not
affected by heat transfer to or from it. Moreover, although the volumes of the closed system and the
environment can vary, the boundary of the combined system is located so that the total volume of
the combined system remains constant. This ensures that the work developed by the combined
system is fully available for lifting a weight in its surroundings, say, and is not expended in merely
displacing the surroundings of the combined systern. Let us now apply an energy balance evaluate
the work developed by the combined system.
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Fig.6.11.1 Combined System of Closed System and Environment

Energy Balance, An energy balance for the combined system reduces to
AE, =0 -W, - (6.11—3)
where W, is the work developed by the combined system, and AE. is the energy change of the
combined system, equal to the sum of the energy changes of the closed system and the environment,
The energy of the closed system initially is denoted by E, which includes the kinetic energy,
potential energy, and internal energy of the system. Since the kinetic energy and potential energy
are evaluated relative to the environment, the energy of the closed system when at the dead state
would be just its internal energy, Us. Accordingly, AE, can be expressed as
AE =(U,-E)+AU,
Using Eq.(6.11—1) to reptace Al,, the expression becomes
AE,=(U,—E)+{T,AS, - p, AV,) 6.11—4)
Substituting Eq. (6.11—4) into Eq. (6.11—3) and solving for W, gives
W, =(E~U,)~(T,AS, - p,AV.)
As noted previously, the total volume of the combined system is constant. Hence, the change in
volume of the environment is equal in magnitude but opposite in sign to the volume change of the
closed system: AV, = — (¥, ~ V). With this substitution, the above expression for work becomes
W, =(E-Uy)+ po(V ~¥)-T, AS, ' (6.11—5)
This equation gives the work developed by the combined system as the closed system passes to the
dead state while interacting énly with the environment. The maximum theoretical value for the
work is determined using the entropy balance as follows.
Entropy Balance. The entropy balance for the combined system reduces to give
AS, =0,
where the entropy transfer term is omitted because no heat transfer takes place across the boundary
of the combined system, and @, accounts for entropy production due to irreversibilities as the

closed system comes into equilibrium with the environment. AS. is the entropy change of the
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combined system, equal to the sum of the entropy changes for the closed system and environment,
respectively

AS, =(5,-5)+AS,
where § and S denote the entropy of the closed system at the given state and the dead state,
respectively. Combining the last two equations

(S, —S)+AS, =0, ' (6.11—6)
Eliminating AS, between Eqgs. (6.11—35) and (6.11—%6) results in
W, =(E-U)+p,(V =¥} T (S = 5,)-T,0, (6.11—T7)

The value of the underlined term in Eq, (6.11—7) is determined by the two end states of the closed
system—the given state and the dead state—and is independent of the details of the process linking
these states. However, the value of the term T,0, depends on the nature of the process as the closed
system passes to the dead state. In accordance with the second law, 7,0, is positive when
irreversibilities are present and vanishes in the limiting case where there are no irreversibilities. The
value of Ty0, cannot be negative. Hence, the maximum theoretical value for the work of the
combined system is obtained by setting 7,0, to zero in Eq. (6.11—7). By definition, the extensive

property exergy, E, is this maximum value. Accordingly, Eq. (6.11—2) is seen to be the appropriate
expression for evaluating exergy. .

Exergy Aspects

In this section, we consider several important aspects of the exergy concept, beginning with
the following:

* Exergy is a measure of the departure of the state of a system from that of the environment. It
is therefore an attribute of the system and environment together. However, once the environment is
epecified, a value can be assigned to exergy in terms of property values for the system only, so
exergy can be regarded as a property of the system.

* The value of exergy cannot be negative. If a system were at any state other than the dead
state, the system would be able to change its condition spontaneously toward the dead state; this
tendency would cease when the dead state was reached. No work must be done to effect such a
spontaneous change. Accordingly, any change in state of the system to the dead state can be
accomplished with at least zero work being developed, and thus the maximum work (exergy)
cannot be negative, ,

* Exergy is not conserved but is destroyed by irreversibilities. A limiting case is when exergy
is completely destroyed, as would occur if a system were permitted to underge a spontaneous
change to the dead state with no provision to obtain work. The potential to develop work that
existed originally would be completely wasted in such a spontaneous process.

* Exergy has been viewed thus far as the maximum theoretical work obtainable from the
combined system of system plus environment as a system passes from a given state to the dead

state while interacting with the environment only. Alternatively, exergy can be regarded as the
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magnitude of the minimum theoretical work input required to bring the system from the dead.state
to the given state. Using energy and entropy balances as above, we can readily develop Eq. (6.11—2)
from this viewpoint. This is left as an exercise. '

Although exergy is an extensive property, it is often convenient to work with it on a unit mass

or molar basis. The specific exergy on a unit mass basis, e, is given by

e=(e—~u,)+ p,(v=v,)-T(s-5,) (6.11—8)
where, e, v, and 5 are the specific energy, volume, and entropy, respectively, at a given state; ug, Uy,
and s, are the same specific properties evaluated at the dead state. Withe =u + ¥i2 + 2z,

e=[(u+V?12+g2)—uy ]+ po(v—v, )~ T, (5 —5,)
and the expression for the speeific exergy becomes

e= (U—1)+ py(v-v,) ~To(s~5,)+V>/2+gz (6.11—9)
By inspection, the units of specific exergy are the same as those of specific energy. Also note that
the kinetic and potential energies measured relative to the environment contribute their full values
to the exergy magnitude, for in principle each could be completely converted to work were the
system brought to rest at zero elevation relative to the environment.

Using Eq. (6.11-—2), we can determine the change in exergy between two states of a closed
system as the difference

E; - By = (Ey— E) + pl(Va - Vi) - To(S2 = S1) (6.11—10)
where the values of pg and 7y are determined by the state of the environment.

When a system is at the dead state, it is in thermal and mechenical equilibrium with the
environment, and the value of exergy is zero. We might say more precisely that the
thermomechanical contribution to exergy is zero. This modifying term distinguishes the exergy
concept of the present chapter from a more general concept introduced later where the contents of a
system at the dead state are permitted to enter into chemical reaction with environmental
components and in so doing develop additional work. As illustrated by subsequent discussions, the
thermomechanical exergy concept suffices for a wide range of thermodynamic evaluations.

‘Word and Phrases

I. exergy H] Fifg

2. depicting WE, §k

3. intrinsically Ak, BEH

4. impervious WHE, FNRELEM

5. spontaneous &M, BRTEM

6. vanish Wk, BRARR, FQEIT
7. equilibrium V5

8. entropy -]

9. magnitude Ky, B

10. substitution ¥ '
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11. irveversibility AT
12. attribute B, ST

12 Otto Cycle and Real Air-Fuel Engine Cycles

Otto Cycle

The cycle of a four-stroke, SI, naturally aspirated engine is the cycle of most automobile
engines and other four-stroke SI engines. For analysis, this cycle is approximated by the
air-standard cycle shown in Fig.6.12.1. This ideal air-standard cycle is called on Otto cycle, named
after one of the early developers of this type of engine.

The intake stroke of the Otto cycle starts with the piston at TDC and is a constant—pressure
process at an inlet pressure of one atmosphere (process 6-1 in Fig.6.12.1). This is a good
approximation to the inlet process of a real engine at WOT, which will actually be at a pressure
slightly less than atmospheric due to pressure Josses in the ivlet air flow. The temperature of the air
duting the inlet stroke is increased as the air passes through the hot intake manifold. The
temperature at point 1 will generally be on the order of 25° to 35°C hotter than the surrounding air
temperature.

Prassure, P

[ 2]

e — Po -

Ob——f— e

—
0
o

Voluma, V

Fig.6.12.1 Ideat Air-Standard Otto cycle, 6-1-2-3-4-5-6, Which Approximates the
Four-Stroke Cycle of a S1 Engine on P-V Coordinates
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The second stroke of the cycle is the compression stroke, which in the Otto cycle is an
isentropic compression from BDC to TDC (process 1-2). This is a good approximation to
compression In a real engine, except for the very beginning and the very end of the stroke. In a real
engine, the beginning of the stroke is affected by the intake valve not being fully closed until
slightly after BDC. The end of compression is affected by the firing of the spark plug before TDC.
Not only is there an increase in pressure during the compression stroke, but the temperature within
the cylinder is increased substantially due to compressive heating.

The compression stroke is followed by a constant-volume heat input process 2-3 at TDC. This
replaces the combustion process of the real engine cycle, which occurs at close to constant-volume
conditions. In a real engine combustion is started slightly bTDC, reaches its maximum speed near
TDC, and is terminated a little aTDC. During combustion or heat input, a large amount of energy is
added to the air within the cylinder. This energy raises the temperature of the air to very high values,
giving peak cycle temperature at point 3. This increase in temperature during a closed
constant-volume process results in a large pressure rise also. Thus, peak cycle pressure is also
reached at point 3.

The very high pressure and enthalpy values within the system at TDC generate the power
stroke {or expansion stroke) which follows combustion (process 3-4). High pressure on the piston
face forces the piston back towards BDC and produces the work and power output of the, engine.
The power stroke of the real engine cycle is approximated with an isentropic process in the Otto
cycle, This is a good approximation, subject to the same arguments as the compression stroke on
being frictionless and adiabatic. In a real engine, the beginning of the power stroke is affected by
gﬁe Jast part of the combustion process. The end of the power stroke is affected by the exhaust valve
being opened before BDC. During the power stroke, values of both the temperature and pressure
within the cylinder decrease as volume increases from TDC to BDC.

Near the end of the power stroke of a real engine cycle, the exhaust valve is opened and the
cylinder experiences exhaust blowdown. A large amount of exhaust gas is expelled from the
cylinder, reducing the pressure to that of the exhaust manifold. The exhaust valve is opened bBDC
to allow for the finite time of blowdown to occur. It is desirable for blowdown to be complete by
BDC so that there is no high pressure in the cylinder to resist the piston in the following exhaust’
stroke. Blowdown in a real engine is therefore almost, but not quite, constant volume. A large
quantity of enthalpy is carried away with the exhaust gases, limiting the thermal cfficiency of the
engiﬁe. The Otto cycle replaces the exhaust blowdown open-system process of the real cycle with a
constant-volume pressure reduction, closed-system process 4-5. Enthalpy loss during this process is
replaced with heat rejection in the engine analysis. Pressure within the cylinder at the end of
exhaust blowdown has been reduced to about one atmosphere, and the temperature has been
substantially reduced by expansion cooling.

The last stroke of the four-stroke cycle now occurs as the piston travels from BDC to TDC.
Process 5-6 is the exhaust stroke that cccurs at a constant pressure of one atmosphere due to the
open exhaust valve. This is a good approximation to the real exhaust stroke, which occurs at a
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pressure slightly higher than the surrounding pressure due to the small pressure drop across the
exhaust valve and in the exhaust system.

At the end of the exhaust stroke the engine has experienced two revolutions, the pistom is
again at TDC, the exhaust valve closes, the intake valve opens, and a new cycle begins.

When analyzing an Otto cycle, it is more convenient to work with specific properties by
dividing by the mass within the cylinder. It is not uncommon to find the Otto cycle shown with
processes 6-1 and 5-6 left off the figure. The reasoning to justify this is that these two processes
cancel each other thermodynamically and are not needed in analyzing the cycle.

Real Air-Fuel Engine Cycles

The actual cycle experienced by an internal combustion engine is not, in the true sense, a
thermodynamic cycle. An ideal air-standard thermodynamic cycle occurs on a closed system of
constant composition. This is not what actually happens in an IC engine, and for this reason
air-standard analysis gives, at best, only approximations to actual conditions and output. Major
differences include: :

1. Real engines operate on an open cycle with changing composition. Not only does the inlet
gas composition differ from what exits, but often the mass flow rate is not the same. Those engines
which add fuel into the cylinders after air induction is complete (CI engines and some SI engines)
change the amount of mass in the gas composition part way through the cycle. There is a greater
gaseous mass exiting the engine in the exhaust than what entered in the induction process. This can
be on the order of several percent. Other engines carry liquid fuel droplets with the inlet air which
are idealized as part of the gaseous mass in air-standard analysis. During combustion, total mass
remains about the same but molar quantity changes. Finally, there is a loss of mass during the cycle
due to crevice flow and blowby past the pistons. Most of crevice flow is a temporary loss of mass
from the cylinder, but because it is greatest at the start of the power stroke, some output work is lost
during expansion. Blowby can decrease the amount of mass in the cylinders by as much as 1%
during cempression and combustion.

2. Air-standard analysis treats the fluid flow through the entire engine as air and approximates
air as an ideal gas. In a real engine inlet flow may be all air, or it may be air mixed with up to 7%
fuel, either gaseous or as liquid droplets, or both, During combustion the composition is then
changed to a gas mixture of mostly CO,, H;0, and N, with lesser amounts of CO and hydrocarbon
vapor. In CI engines there will also be solid carbon particles in the combustion products gas
mixture. Approximating exhaust products as air simplifies analysis but introduces some error. ’

Even if all fluid in an engine cycle were air, some error would be introduced by assuming it to
be an ideal gas with constant specific heats in air-standard analysis. At the low pressures of inlet
exhaust, air can accurately be treated as an ideal gas, but at the higher pressures during combustion,
air will deviate from ideal gas behavior. A more serious error is introduced by assuming constant
specific heats for the analysis. Specific heats of a gas have a fairly strong dependency on .
temper-ature and can vary as much as 30% in the temperature range of an engine (for air, ¢,=
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1.004 kJ/kg-K at 300 K and ¢,=1.292 k¥/kg-K at 3 000 K.

3. There are heat losses during the cycle of a real engine which are neglected in air-standard
analysis. Heat loss during combustion lowers actual peak temperature and pressure from what is
predicted. The actual power siroke, therefore, starts at a lower pressure, and work output during
expansion is decreased. Heat transfer continues during expansion, and this lowers the temperature
and pressure below the ideal isentropic process towards the end of the power stroke. The result of
heat transfer is a lower indicated thermal efficiency than predicted by air-standard analysis. Heat
transfer is also present during compression, which deviates the process from isentropic. However,
this is less than during the expansion stroke due to the lower temperatures at this time.

4. Combustion requires a short but finite time to occur, and heat addition is not instantaneous
at TDC, as approximated in an Otto cycle. A fast but finite flame speed is desirable in an engine.
This results in a finite rate of pressure rise in the cylinders, a steady force increase on the piston
face, and a smooth engine cycle. A supersonic detonation would give almost instantaneous heat
addition to a cycle, but would result in a rough cycle and quick engine destruction. Because of the
finite time required, combustion is started before TDC and ends after TDC, not at constant volume
as in air-standard analysis. By starting combustion bTDC, cylinder pressure increases late in the
compression stroke, requiring greater negative work in that stroke. Because combustion is nat
completed until aTDC, some power is lost at the start of the expansion stroke, Another loss in the
combustion process of an actual engine occurs because combustion efficiency is less than 100%.
This happens because of less than perfect mixing, local variations in temperature and air-fuel due to
turbulence, flame guenching, ect. SI engines will generally have a combustion efficiency of about
95%, while CI engines are generally about 98% efficient.

5. The blowdown process requires a finite real time and a finite cycle time, and does not occur
at constant volume as in air-standard analysis, For this reason, the exhaust valve must open 40° to
60° bBDC, and output work at the latter end of expansion is lost.

6. In an actual engine, the intake valve is not closed unti! after bottom-dead-center at the end
of the intake stroke. Because of the flow restriction of the valve, air is stil} entering the cylinder at
BDC, and volumetric efficiency would be lower if the valve closed here. Because of this, however,
actual compression does not start at BDC but only after the inlet valve closes. With ignifion then
occurring before top-dead-center, temperature and pressure rise before combustion is less than
predicted by air-standard analysis. -

7. Engine valves require a finite time to actuate. Ideally, valves would ‘open and close
instantaneously, but this is not possible when using a camshaft. Cam profiles must allow for smooth
interaction with the cam follower, and this results in fast but finite valve actuation. To assure that
the intake valve is fully open at the start of the induction stroke, 1t must start to open before TDC.
Likewise, the exhaust valve must remain fully open until the end of the exhaust stroke, with final
closure occurring after TDC. The resulting valve ovérlap period causes a deviation from the ideal
cycle.

Because of these differences which real air-fuel cycles have from the ideal cycles, results from
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air-standard analysis will have errors and will deviate from actual conditions. Interestingly,
however, the etrors are not great, and property values of temperature and pressure are very
representative of actnal engine values, depending on the geometry and operating conditions of the
real engine. By changing operating va-\riables such as inlet temperature and/or pressure,
compression ratio, peak temperature, efc., in Otto cycle analysis, good approximations can be
obtained for output changes that will occur in a real engine as these variables are changed. Good
approximation of power output, thermal efficiency, and mep can be expected.

Indicated thermal efficiency of a real four-stroke SI engine is always somewhat less than what
air-standard Otto cycle analysis predicts. This is caused by the heat losses, friction, igiition timing,
valve timing, finite time of combustion and blowdown, and deviation from ideal gas behavior of
the real engine. Researches show that over a large range of operating variables the indicated
thermal efficiency of an actual SI four-stroke engine can be approximated by:

(1, ) seun = 0-85(12, ) orv0 }

This will be correct to within a few percent for large ranges of air-fuel equivalence ratio,

ignition timing, engitie speed, compression ratio, inlet pressure, exhaust pressure, and valve tsmmg
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13 Emissions and Air Pollution

This chapter explores the undesirable emissions generated in the combustion process of
automobile and other IC engines. These emissions poliute the environment and contribute to global
warming, acid rain, smog, odors, and respiratory and other health problems. The ﬁlajor canses of
these emissions are nen-stoichiometric combustion, dissociation of nitrogen, and impurities in the
fuel and air. The emissions of concern are hydrocarbons (HC), carbor monoxide (CO), oxides of
nitrogen (NQOx), sulfur, and solid carbon particulates. Ideally, engines and fuels counld be developed
such that very few harmful emissions are generated, and these could be exhausted to the
surroundings without a major impact on the environment. With present technology this is not
possible, and aftertreatment of the exhaust gases to reduce emissions is 'i?ery important. This
consists mainly of the use of thermal or catalytic converters and particulate traps.

Ailr Pollution

Until the middle of the 20th century the number of IC engines in the world was small enough
that the pollution they emitted was tolerable, and the environment, with the help of sunli:‘ght,' stayed
relatively clean. As world population grew, power plants, factories and an ever-increasing nﬁmber
of automobiles began to pollute the air to the extent that it was no longer acceptable. During the
1940s, air pollution as a problem was first recognized in the Los Angeles basin in California. Two
causes of this were the large population density and the natural weather conditions of the area. The
large population created many factories and power plants, as well as one of the largest automobile
densities in the world. Smoke and other pollutents from the many factories and automobiles
combined with fog that was common in this ocean area, and smog resulted. During the 1950s, the
smog problem increased along with the increase in population density and automobile density. It
was recognized that the automobile was one of the major contributors to the problem, and by the
1960s emission standards were beginning to be enforced in California. During the next decades,
emission standards were adopted in the rest of the United States and in Europe and Japan. By
making engines more fuel efficient, and with the use of exhaust aftertreatinent, emissions per
vehicle of Hc; CO, and NOy, were reduced by about 95% during the 1970s and 1980s. Lead, one of
the major air pollutants, was phased out as a fuel additive during the 1980s. More fuel-efficient
engines were developed, and by the 1990s the average automobile consumed less than half the fuel
used in 1970. However, during this tirne the number of automobiles greatly increased, resulting in
no overali decrease in fuel usage.

Additional reduction will be difficult and costly. As world population grows, emission
standards become more stringent out of necessity. The strictest laws are generally initiated in
California, with the rest of the United States and world following. Although air pollution is a global
problem, some regions of the world still have no emission standards or laws.
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Hydrocarhona (HC)

Exhaust gases leaving the combustion chamber of an SI engine contain up to 6 000 ppm of
hydrocarben components, the equivalent of 19%-1.5% of the fuel. About 40% of this is unburned
gasoline fuel components. The other 60% consists of partially reacted components that were not
present in the original fuel. These consist of small nonequilibrium molecules which are formed
when large fuel molecules break up (thermal cracking) during the combustion reaction. It is often
convenient to treat these molecules as if they contained one carbon atom, as CH;,

The makeup of HC emissions will be different for each gasoline blend, depending on the
original fuel components. Combustion chamber geometry and engine operating parameters also
influence the HC component spectrum.

When hydrocarbon emissions get into the atmosphere, they act as irritants and odorants, some
are carcinogenic. All components except CHy react with atmospheric gases to form photochemical
smog,

Causes of HC Emissions

Nonstoichiometric Air-Fuel Ratio. Fig.6.13.1 shows that HC emission levels are a strong
function of AF. With a fuel-rich mixture there is not enough oxygen to react with all the carbon,
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resulting in high levels of HC and CO in the exhaust products. This is particularly true in engine
startup. When the air-fuel mixture is purposely made very rich. It is also true to a lesser extent
during rapid acceleration under load. If AF is too lean poorer combustion ocecurs, again resulting in
HC emissions. The extreme of poor combustion for a cycle is total misfire. This occurs more often
as AF is made more lean. One misfire out of 1 000 cycles gives exhaust emissions of 1 gm/kg of
fuel used.

Incomplete Combustion. Even when the fuel and air entering an engine are at the ideal
stoichiometric mixture, perfect combustion does not occur and some HC ends up in the exhaust.
There are several causes of this. Incomplete mixing of the air and fuel results in some fuel particles
not finding oxygen to react with, Flame quenching at the walls leaves a small volume of unreacted
air and fuel mixture. The thickness of this unburned layer is on the order of tenths of 2 mm. Some
of this mixture, near the wall that does not originally get burned as the flame front passes, will bumn
later in the combusticn process as additional mixing occurs due to swirl and trubulence.

Anocther cause of flame quenching is the expansion which occurs during combustion and
power stroke. As the piston moves away from TDC, expansion of the gases lowers both
temperature and pressure within the cylinder. This slows combustion and finally quenches the
flame sornewhere late in the power stroke. This leaves some fuel particles unreacted. .

High exhaust residual causes poor combustion and a greater likelihood of expansion
quenching, This is experienced at low load and idle conditions. High levels of EGR will also cause
thus.

It has been found that HC emissions can be reduced if a second spark plug is added to an
engine combustion chamber, By starting cornbustion at two points, the flame travel distance and
total reaction time are both reduced, and less expansion quenching results,

Crevice Volumes. During the compression stroke and early part of the combustion process,
air and fuel are compressed into the crevice volume of the combustion chamber at high pressure.
As much as 3% of the fuel in the chamber can be forced into this crevice volume. Later in the cycle
during the expansion stroke, pressure in the cylinder is reduced below crevice volume pressure, and
reverse blowby occurs. Fuel and air flow back into the combustion chamber, where most of the
mixture is consumed in the flame reaction. However, by the time the last elements of reverse
blowby flow occur, flame reaction has been quenched and unreacted fuel particles remain in the
exhaust. Location of the spark plug relative to the top compression rng gap will affect the amount
of HC in engine exhaust, the ring gap being a large percent of crevice volume. The farther the spark
plug is from the ring gap, the greater is the HC in the exhauwst. This is becanse more fuel will be
forced into gap before the flame front passes.

Crevice volume around the piston rings is greatest when the engine is cold, due to the
differences in thermal expansion of the various materials. Up to 80% of all HC emissions can come
from this source. .

Leak Past the Exhaust Valve. As pressure increases during compression and combustion,
some air-fuel is forced into the crevice volume around the edges of the exhaust valve and between
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the valve and valve seat. A small amount even leaks past the valve into the exhaust manifold. When
the exhaust valve opens, the air-fuel which is still in this crevice volume gets carried into the
exhanst manifold, and there is a momentary peak in HC concentration at the start of blowdown.

Valve Overlap. During valve overlap, both the exhaust and intake valves are open, creating
a'path where air-fuel intake can flow directly into the exhaust. A well-designed engine minimizes
this flow, but a small amount can accur. The worst condition for this is at idle and low speed, when
real time of overlap is greatest,

Deposits on Combustion Chamber Walls. Gas particles, including those of fuel vapor, are
absorbed by the deposits on the walls of the combustion chamber. The amount of absorption is a
function of gas pressure, so the maximum occurs during compression and combustion. Later in the
cycle, when the exhaust valve opens and cylinder pressure is reduced, absorption capacity of the
deposit material is lowered and gas particles are desorbed back into the c¢ylinder. These particles,
including scrme HC, are then expelled from the cylinder during the exhaust stroke. This problem 1s
greater in engines with higher compression ratios due to the higher pressure these engines generate.
More gas absorption occurs as pressure goes up. Clean combustion chamber walls with minimum
deposits will reduce HC emissions in the exhaust. Most gasoline blends include additives to reduce
deposit buildup in engines. '

Older engines will typically have a greater amount of wall deposit buildup and a
corresponding increase of HC emissions. This is due both to age and to less swirl that was generatly
found in earlier engine design. High swirl helps to keep wall deposits to a minimum. When lead
was eliminated as gasoline additive, HC emissions from wall deposits became more severe. When
laded gasoline is bumed the lead treats the metal wall surfaces, making them harder and less porous
to gas absorption. : '

Qil on Combustion Chamber Walls. A very thin layer of oil is deposited on the cylinder
wall of an engine to provide Tubrication between them and the moving piston. During the intake
and compression strokes, the incoming air and fuel comes in contact with:this oil film. In much the
same .way as wall deposits, this oil film absorbs and desorbs gas particles, depending on' gas
-pressure. During compression and combostion, when cylinder pressure is high, gas particles,
mcluding fuel vapor, are absorbed into the oil film. When pressure is later reduced during
expansion and blowdown, the absorption capability of the il is reduced and fuel particles are
desorbed back into the cylinder. Some of this fuel ends up in the exhaust.

Propane is not soluble in oii, so in ﬁropanoe—fueled engines the absorption-desorption
mechanism adds very little to HC emissions.

As an engine ages, the clearance between piston rings and cylinder walls becomes greater, and
a thicker film of oil is left on the walls. Some of this oil film is scraped off the walls during the
compression stroke and ends up being burned during combstion. Qil is a high-molecular-weight
hydrocarbon compound that does not burn as readily as gasoline. Some of it ends np as HC
emissions. This happens at a very slow rate with a new engine but increases with engine age and
wear. (il consumption also increases as the piston rings and cylinder walls wear. In older engines,

152



oil being burned in the combustion chamber is a major source of HC emissions. Fig.6.13.2 shows
how HC ernissions go up as oil consumption increases. Often as an engine, ages clearance between
the pistons and cylinder walls increases due to wear. This increases oil consumption and contributes
to an increase in HC emissions in three ways: There is added crevice volume, there is added
absorption-desorption of fuel in the thicker oil film on cylmder walls, and there is more oil bumed
in the combustion process.

In addition to oil consumption going up as piston rings wear, blowby and reverse blowby also
increase. The increase in HC emissions is therefore both from combustion of oil and from the
added crevice volume flow.
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Fig.6.13.2 HC Exhaust Emissions as a Function of Engine Ol Consumption
"Carbon Monoxide (CO)

Carben monoxide, a colorless, odorless, poisonous gas, is generated in an engine when it is
operated with a foel-rich equivalence ratio, as shown in Fig.6.13;1, When there is not enough
oxygen to convert all carbon to CO,, some fuel does not get burned and some carbon ends up as
CO. Typically the exhaust of an SI engine will be about 0.2% to 5% carbon monoxide. Not only is
CO considered an undesirable emission, but it also represents lost chemical energy that was not
fully utilized in the engine. CO is a fuel that can be combusted to supply additional thermal energy:

C0+%0= 5 CO, +heat (6.13—1)

Maximum CO is generated when an engine rnuns rich, such as when starting or when
accelerating under load. Even when the intake air-fuel mixture is stoichiometric or lean, some CO
will be generated in the engine. Poor mixing, local tich regions, and incomplete combustion will
create some CO.
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A well-designed S1 engine operating under ideal conditions can have an exhaust mole fraction
of CO as low as 107>, CI engines that operate overall lean generally have very low CO emissions
(see Fig.6.13.1).

Oxides of Nitrogne (NOx)

Exhaust gases of an engine can have up to 2 000 ppm of oxides of nitrogen. Most of this will
be nitrogen oxide (NQO), with a small amount of nitrogen dioxide (NO,), and traces of other
nitrogen-oxygen combinations, These are all grouped together as NOx (or NO,), with x
representing some suitable number. NOy is a very undesirable emission, and regulations that
restrict the allowable amount continue to become more stringent . Released NQx reacts in the
atmosphere to form ozone and is one of the major causes of photochemical smog.

NOx is created mostly from nitrogen in the air. Nitrogen can also be found in fuel blends,
which may contain trace amounts of NH;, NC, and HCN, but this would contribute only to a minor
degree. There are a number of possible reactions that form NO, all of which are probably occurring
during the combustion process and immediately after. These include but are not limited to:

0+N, - NO+N (6.13—2)
N+Q, - NO+0O (6.13—3)
N +OH — NO+H (6.13—4)

NQ, in turn, can then further react to form NO, by various means, including
NO+H,0--»NO, +H, (6.13—5)
NO+0, = NO, +0 (6.13—6)

Atmospheric nitrogen exists as a stable diatomic molecule at low temperatures, and only very
small trace amounts of oxides of nitrogen are found. However, at the very high temperatures that
occur in the combustion chamber of an engine, some diatomic nitrogen (N,) breaks down to
monatomic nitrogen (N) which is reactive:

N, 52N (6.13—7)

It is known that the chemical equilibrium constant for Eq.(6.13—7) is highly dependent on
temperature, with a much more significant amount of N generated in the 2 500-3 000K
temperature range that can exist in an engine, Other gases that are stable at low temperatures but
become reactive and contribute to the formation of NOy at high temperatures include oxygen and

water vapor, which break down as follows:
0, — 20 | (6.13—8)

H,0 —»OH +%H2 C(6.13—9)

Examination of more elaborate chemical equilibrium constant tables found in chemistry
handbooks show that chemical Eq. (6.13—7)~(6.13—29) all react much further to the right as high
combustion chamber temperatures are reached. The higher the combustion reaction temperature,
the more diatomic nitrogen, N», will dissociate to monatomic nitrogen, N, and the more NOx will
be fromed. At low temperatures very little NOx is created.
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Although maximum flame temperature will occur at a stoichiometric air-fuel ratio (¢=1),
Fig.6.13.1 shows that maximum NOy is formed at a slightly lean equivalence ratio of about ¢=
0.95. At this condition flame temperature is still very high, and in addition, there is an excess of
oxygen that can combine with the nitrogen to form various oxides.

In addition to temperature, the formation of NOx depends on pressure, air-fuel ratio, and
comhbustion time within the cylinder, chiemical reactions not being instantaneous. Fig.6.13.3 shows
the NOx-versus-time relationship and supports the fact that NOy is reduced in modern engines with
fast-burn combustion chambers. The amount of NOy, generated also depends on the location within
the combustion chamber. The highest concentration is formed around the spark plug, where the
highest temperatures occur. Because they generally have higher compression ratios and higher
temperatures and pressure, CI engines with divided combustion chambers and indirect injection
(IDI) tend to generate higher levels of NOyx.
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Fig.6.13.3 Generation of NOy in an Engine as a Function of Combustion Time

NOx can be correlated with ignition timing. If ignition spark is advanced, the cylinder
temperature will be increased and more NOx will be created. .

Photochemical Smog. NOy is one of the prithary causes of photochemical smog, which has
become a major problem in many large cities of the world. Smog is formed by the photochemical
reaction of automobile exhaust and atmospheric air in the presence of sunlight. NO, decomposes
into NO and monatomic oxygen:

Photochemical Smog. NOx is one of die primary causes of photochemical smog, which has
become a major problem in many large cities of the world. Smog is formed by the photochemical
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reaction of automobile exhaust and atmospheric air in the presence of sunlight. NO, decomposes
into NO and monatomic oxygen:
NO, + energy from sunlight — NO + O +smog (6.13—10)
Monatomic oxygen is highly reactive and initiates a number of different reactions, one of
which is the formation of ozone:
0+0, 0, ' (6.13—11)
Ground-level ozone is harmful to lungs and other biological tissue. It is harmful to trees and
causes billions of dollars of crop loss each year. Damage is also caused through reaction with
rubber, plastics, and other materials. Ozone also results from atmospheric reactions with other
engine emissions such as HC, aldehydes, and other oxides of nitrogen.
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14 Natural Convection

Introduction

Natural-convection heat transfer ocours whenever a body is placed in a fluid at a higher or a
lower temperature than that of the body. As a result of the temperature difference, heat flows
between the fluid and the body and causes a change in the density of the fluid in the vicinity of the
surface. The difference in density leads to downward flow of the heavier fluid and vpward flow of
the lighter one. If the motion of the fluid is cansed solely by differences in density resulting from
temperature gradients and is not aided by a pump or a fan, the associated heat transfer mechanism
is called natural convection. Natural convection currents transfer internal energy stored in the
fluid in essentially the same manner as forced-convection currents. However, the intensity of the
mixing motion is generally less in natural convection, and consequently the heat transfer
coeflicients are lower than in forced convection. .

Although natural-convection heat transfer coefficients are relatively small,” many devices
depend largely on this mode of heat transfer for cooling. In the electrical engineering field,
transmission lines, transformers, rectifiers, electronic devices, and electrically heated wires such as
the heating elements of an electric furnace are cooled in parg by natural convection. The
temperatures of these bodies rise above that of the surroundings as a result of the heat generated
internally. As the temperature difference increases, the rate of heat flow also increases until a state
of equilibrium in which the rate of heat generation is equal to the rate of heat dissipation is reached.

Natural convection is the dominant heat flow mechanism from steam radiators, the walls of
buildings, or the stationary human body in a quiescent atmosphere. The determination of the heat
load on heating and air-conditioning equipment and computers requires, therefore, a knowledge of
natural-convection heat transfer coefficients. Natural convection is also responsible for heat losses
from pipes carrying stcam or other heated fiuids. Namral convection has been proposed in nuclear
power applications for cooling the surfaces of bodies in which heat is generated by fission. The
importance of natural-convection heat transfer has led to the publication of a texthook devoted
entirely to the subject. ] :

In all of the aforementioned examples gravitational attraction is the body force responsible for
the convection currents. Gravity, however, is not the only body force that can produce natural
convection. In certain aircraft applications there are components such as the blades of gas turbines
and hcl:icopter ramjets that rotate at high speeds. Associated with these rotative speeds are large
centrifugal forces whose magnitudes, like the gravitational force, are also proportional to the fluid
density and hence can generate strong nattral-convection currents, Cooling of rotating cbmponents
by natural convection is therefore feasible even at high heat fluxes.

The fluid velocities in natural-convection currents, especially those generated by gravity, are
generally low, but the characteristics of the flow in the vicinity of the heat transfer surface are
similar to those in forced convection. A boundary layer forms near the surface, and the fluid
velecity at the interface is zero. Fig.6.14.1 shows the velocity and temperature distributions near a
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heated flat plate placed in a vertical position in air. At a given distance from the bottom of the plate,
the local upward velocity increases with increasing distance from the surface to reach a maximum
value close to the surface, then decreases and approaches zero again as shown in Fig.6.14.1.
Although the velccity profile is different from that observed in forced convection over a flat plate,
where the velocity approaches the free-stream velocity asymptotically, in the vicinity of the surface
the characteristics of both types of boundary layers are similar. In natural convection, as in forced
convection, the flow may be laminar or turbulent, depending on the distance from the leading cdgc;
the fluid propetties, the body force, and the temperature difference’ between the surface and the
fluid.

Fig.6.14.1 Temperature and Velocity Distributions in the Vicinity of a Heated Flat Plate
Placed Vertically in Still Alr (after E. Schmidt and W. Becknaann).

The temperature field in natural convection {Fig.6.14.1) is similar to that observed in forced
convection, Hence, the physical interpretation of the Nusselt number applies. For practical
applications, however, Newton’s equation,

dg = h,dA(T, - T.)
is generally used. The equation is written for a differential area dA because in natural convection,
the heat transfer coefficient h. is not uniform over a surface. As in forced convection over a flat
plate, we shall therefore distinguish between a local value of h. and an average value & obtained
by averaging k. over the entire surface. The temperature T.. refers to a point in the fluid sufficiently
removed from the body that the temperature pf the fluid is not affected by the presence of a heating
(or cooling) source in the body.

Exact evaluation of the heat transfer coefficient for natural convection from the boundary layer
is very difficult, The problem has been solved only for simple geometries such as a vertical flat
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plate and a horizontal cylinder. We shall not discuss these specialized solutions here. Instead, we
shall set up the differential equations for natural convection from a vertical flat plate by using only
fundamental physical principles. From these equations, without actually solving them, we shall
determine the similarity conditions and associated dimensionless parameters that comelate
experimental data. In section 6.14—3 pertinent experimental data for various shapes of practical
interest will be presented in terms of these dimensionless parameters, and their physical
significance will be discussed. Scction 6.14—4 treats natural convection from rotating objects, in
which the body force due to centrifugal acceleration may be more important which the body force
due to centrifugal acceleration may be more important than the gravitational body force. Section
6.14—>5 deals with problems in which natural convection and forced convection act at the same
time—that is, mixed convection. Section 6.14-—6 treats heat transfer to and from finned surfaces in
natural convection.

Simil Parameters for Natural Convection

In the analysis of natural convection we shall make use of a phenomenon observed by the
Greeks over two thousand years ago and phrased by Archimedes somewhat as follows: A body
immersed in a fluid experiences a buoyant or lifting force equal to the mass of the displaced fluid.
Hence, a submerged body rises when its density is less than that of the surrounding fluid and sinks
when its density is greater. The buoyant effect is the drtving force in natural convection.

For the purposes of our analysis, consider a domestic heating panel. The panel can be
idealized as a vertical flat plate, very long and very wide in the plane perpendicular to the floor, so
that the flow is two-dimensional (Fig.6.14.2). When the heater is turned off, the panel is at the same
temperature as the surrounding air. The gravitational or body force acting on each fluid element is

P* oy dx

dz [ _:}"n?fv o e |

Heater surface

|1

Fig.6.14.2 Forces Acting on a Fluld Element in Natural Conveetion Flow
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in equilibrivm with the hydrostatic pressure gradient, and the air is motionless. When the heater is

turned on, the fluid in the vicinity of the panel wil] be heated and its density will decrease. Hence,

the body force (defined as the force per unit mass) on a unit volume in the heated portion of the

fluid is less than in the unheated fluid. This imbalance causes the heated fluid to rise, a-
phenomenon that is well known from experience. In addition to the buoyant force, there are

pressure forces and also frictional forces that act when the air is in motion. Once steady-state

conditions have been established, the total force on a volume element dx dy 4z in the positive x

direction perpendicular to the floor consists of the following:

1. The force due to the pressure gradient

Pd}dZ“(P+%xde]dydz =—%(dmdydz)

2. The body force I p(dxdydz), where I',=—g/g_, since gravity alone is active.”
3. The frictional shearing forces due to the velocity gradient

(—7,. )dxdz +[1‘F + %dy]dxdz

Since 7, =p(du/dy)/ g, inlaminar flow, the net frictional force is

[ﬂ.. Eili]dx dydz .

8.y’
Forces due to the deformation of the fluid element will be neglected in view of the low velocity.
Ostrach has shown that the effects of compression work and frictional heat may be important int
natural-convecticn problems when very large temperature differences exist, very large length scales
are involved, or very high body forces occur, such as in high-speed rotating machinery.
The rate of change of momentum of the fluid element is p dx dy dz > [u(@u/ax )+ v(@u/dy)), as
shown in section 4.4. Applying Newton's second law to the elemental volume yields
2

p[u?—ai+v%]z -8, g‘g——pg +;1%)-;— ‘ (6.14—1)
after canceling dxdydz. The unheated fluid far removed from the plate is in hydrostatic
equilibrium, or g,(dp, /ox)=—p,g, where the subscript ¢ denotes equilibrium conditions. At any
elevation, the pressure is uniform and therefore dp/dx=dp, /9x . Substituting p,g for —(dp/ox)
in Eq.(6.14—1) gives .

]

2
202 - ps s

A further simplification can be made by assuming that the density p depends only on the
temperature and not on the pressure. For an incompressible fluid this is self-evident, but for a gas it
implies that the vertical dimension of the body is small enough that the hydrostatic density p, is
constant. This simplification is referred to as the Boussinesq approximation. With these
assumptions, the buoyant term can be written

* p.is the gravitational constant, equal to 1 kg nNs® in the ST system.
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8(p. - p)=8(p.-p)=—gpB(T.-T) (6.14—3)
where fis the coefficient of thermal expansion, defined as

139 .
g=_Llo| . P20

53|, " PTT) (6.14~4)

For an ideal gas (i.e., p=p/RT } the coefficient of thermal expansion is
1 .
=— 6.14—5
A T ( )

where the temperature T, is absolute temperature far from the plate,
The equation of motion for natural convection is obtained by substituting the buoyant term,

Eq.(6.14—3), into Eq.(6.14—2), yielding s
u%+v—g—;=gﬂ(T—T_)+vg;%: (6.14—6)

In deriving the conservation of energy equation for the flow near the plate, we follow the same
steps used in chapter 4 to derive the conservation of energy equation for the forced flow near a flat

plate. This leads to the following equation, which also describes the temperature field for the
natural-convection problem:

L .
x dy &
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15 Mechatronics Design

Mechatronics is a methodology used for the optimal design of electromechanical products.

A methodology is a collection of practices, procedures, and rules used by those who work in a
particular branch of kmowledge, or discipline. The familiar technological disciplines include
thermodynamics, electrical engineering, computer science, and mechanical engineering, to pame
several. The mechatronic system is multi-disciplinary, embodying four fundamental disciplines:
electrical, mechanical, computer science, and information technology.

The F-22 fighter, under development at Lockheed-Martin and Boeing, is an example of
mechatronic technology in action. The design metric emphasizes reliability, maintainability,
performance, and cost. Multi-disciplinary functionality, including the integrated flightpropulsion
controls and two-dimensional, thrust-vectoring engine nozzles, is being designed into the aircraft
starting at the preliminary design stage. '

Multi-disciplinary systems are not new; they have been successfully designed and used for
many years. One of the most common is the electromechanical system, which often uses a
computer algorithm to modify the behavior of a mechanical system. Electronics are used to
transduce information betweem the computer science and mechanical disciplines.

The difference between a mechatronic systern and a multi-disciplinary system is not the
constituents, but rather the order in which they are designed. Historically, multi-disciplinary
system design has employed a sequential design-by-discipline approach. For example, the design
of an electromechanical system is often accomplished in three steps beginning with the mechanical
design. When the mechanical design is complete, the power and microelectronics are designed
followed by the control algorithm design and its implementation. The major drawback of the
design-by-discipline approach is that fixing the design at varjous points in the sequence cause new
constraints, resulting from the design to that point;, to be created and passed on the the next
discipline. Many control system engineers are famjliar with the following quip:

“Design and build the mechanical system. Then bring in the painters to paint it and the
control system engineers to install the controls.”

Control designs often fail because of these additional constraints. For example, cos:. reduction
is a major factor in most systems. Tradeoffs made during the mechanical and electrical design
stages often involve sensors and actuators. Lowering the sensor-actuator count and usmg less
accurate sensors or less powerful actuators are some of the standard methods for ach1ev1ng cost
savings. Their effects on the control system are additional, and sometimes conflicting, constraints.

» The mechatronie design methodology is based on a concurrent, instead of sequential,
approach to discipline design, resulting in products with more sysnergy. '

The branch of engineering called systems engineering uses a concurrent approach for
preliminary design, In a way, mechatronicas is an extension of the system engineeting approach,
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but it is supplemented with information systems to guide the design and is applied at all stages of
design, not just the preliminary design step, making it more comprehensive. There is a synergy in
the integration of mechanical, electrical and computer systemms with information systems for the
design and manufacture of products and processes. The synergy is generated by the right
combination of parameters; that is, the final product can be better than just the sum of its parts.
Mechatronic products exhibit performance characteristics that were previously difficult to achieve
withour the synergistic combination. The key elements of the mechatronics approach are prescﬁtcd
in Fig.6.15.1. ; S

Even though the literature often adopts this concise representation, a clearer but more complex
representation is shown in Fig.6.15.2.

Electrical
Systems

Fig/6.15.1 Mechatronics Constituents

Ll L I R R R e R I I e E L Garsmrrarrare
- .

[Real-Time Interfacing | *

(Mechamoncs | =

Computer .
Systems

Information Systems " ........... A PrT O o

Fig.6.152 Mechatronics Key Elements

Mechatronics -is the result of applying information systems to physical systems. The physical
system, the rightmost dotted block, consists of mechanical, electrical, and computer systems as well
as actuators, sensors, and real-time interfacing. In some of the literature, this block is called an
electromechanical system, : T ‘ “

» A mechatronic :s.ystem is not an glectromechanical fem and lSmore . mm;m}
system. o | | than |

Sensors and actuators are used to transduce energy from high power, usuaily the mechanical
side, to low power, the electrical and computer side. The block labeled mechanical systems
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frequently consists of more than just mechanical components and may include fluid, pneumnatic,
thermal, acoustic, chemical, and other disciplines as well. New developments in sensing
technologies have emerged in respones to the ever-increasing demand for solutions of specific
monitoring applications. They have produced faster, more sensitive; and more precise measuring
devices. Sensors are being miniaturized and implemented in solid state form so that several sensors
can be integrated and their functions combined.
Control is a general term and can occur in living beings as well as machines. The term

antomatic control describes the situation in which a machine is controlled by another machine.

 Irespective of the application, such as industrial control, manufacturing, testing, or military,
new developments in sensing technology are constantly emerging.

Integrated Design Issues in Mechatronics

The inberent concurrency, or simultaneous engineering, of the mechatronics approach relies
heavily on the use of system modehn_g -and simulation throughout the design and prototyping stages.
Because the model will be used and altered by engineers from multiple disciplines, it is especially
important that it be programmed in a visually intuitive environment. Such environments include
block diagrams, flow charts, state transition diagrams, and Bond graphs. In contrast to the more
conventional programming languages such as FORTRAN, BASIC, C, and Pascal, the visual
modeling environment requires little training due to its inherent intuitiveness. Today the most
widely used visual programming environment is the block diagram. This environment is
extremely versatile, is low in cost, and often includes a code generator option that translates the
block diagram into a C, or similar, high-level language suitable for target system implementation.
Block diagram-based modeling and simulation packages are offered by many vendors, including
Matrixx, Basy5, Simulink, VisSim, and Lab View.

Methtronics is a design philosophy, ah integrating approach to engineering design. The
primary factor ib mechatronics is the involvement of these areas throughout the design ﬁrucess.
Through a mzchal_nismf'o{ simulating interdisciplinary ideas and techniques, mechatronics provides
ideal conditions to rajse the synergy, thereby providing a catalytic effect for the new solutions to
technically complex situations. An important characteristic of mechatronic devices and systemns is
their built-in intelligence, which results through a combination of precision mechanical and
electrical engineering and real-time programming integrated with the design process, Mechatronics
makes possible the combination of actuators, sensors, control systemns, and computers in the design
Starting with the basic design, and progressing through the manufacturing phase, mechatronic
design optimizes the parameters at each pbase to produce a quality product in a short cycle time.
M#chatronics uses the control systems in pfoviding a coherent framework of comifonent
inferactions for systern analysis. The mtegration within a mechatronic system is performed throlgh
the conbination of hardware, (components) and software (information processing). Hardware
integration results from desigaing the mechatronic system as an overall systemn and bringing
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together the semsors, actuators, and microcomputers into the mechanical system. Software
integration is primarily based on advanced control function. Fig.6.15.3 illustrates how the hardware
and software integration take place. It also shows how process knowledge and information
processing are involved in adtlition to the feedback process.

Process
Knowledge

Hardware;
Sofltware;
Information Processing

Computers I Acmators I ‘ Process I Sensors I
3 ] e ]

Fig.6.153 General Scheme of Hardware and Software Integration

F

The first step in the focused development of mechatronic systems is to analyze the customer
needs and the technical environment in which the system is integrated. Complex technical systems
designed to solve problems tend to be a combination of mechanical, electric, fluid power, and
thermodynamic parts with hardware in digital and analog form coordinated by complex software.
Typical mechatronic systems gather data and information from their technical environment using
sensors. The next step is to use elaborate ways of modeling and description methods to cover all
subtasks of this system in an integrated manner. This includes an effective description of the
necessary interfaces between subsystems at an early stage. The data are processed and interpreted,
leadling to actions carried out by actuators. Mechatronic systems result in shorter developmental
cycles, lower costs, and higher quality. They also provide additional influence through the
acquisition of information from the process.

Mechatronic design supports the concepts of concurrent engineering. In the designing of a
mechatronic product, it is necessary- that the knowledge and required information be coordinated
among different expert groups. Concurrent engineering is a design approach in which the design of
product and manufacture of a product are merged in special way. Traditional barriers between
design and manufacturing arc removed. It has been influenced partly by the recognition that many
of the high costs in manufacturing are decided at the product design stage itself, Even during the
design stage, it is involved with customer perception, market analysis, optimized perfommnce life
cycle performance, quality, reliability, and sales. Product design and précess planning take 'place
concurrently, The total philosophy of concurrent engineering in the organization is well suited for
team-oriented bmject management, with emphasis on collective decision making. Successful
implementation of concurrent engineering is possible by coordinating adequate exchange of
information and dealing with organizational barriers to cross-functional cooperation. Due to the
influence of concurrent engineering, traditional barriers between design and manufacturing have
decreased; however, the lack of a common interface. language has made the information exchange
in concurrent engineering difficult.
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A mechatronic product can achicve impressive results if it is effectively integrated with the
concurrent engineering management strategy. The benefits that acctue are greater productivity,
higher guality, and production reliability by the incorporation of intelligent, self-correcting
sensory and feedback systems. The integration of sensors and control systems in a complex
system reduces capital expenses, maintains a high degree of flexibility, and results in a higher
percentage of machine utilization. In order to implement a mechatronic concurent engineering
system that can achieve these objectives, the organization must start with a long-range plan that
can take into account tomorrow’s changing needs in processes, data functions, control, and

integration tools.
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16 Artificial Intelligence in Mechatronics

Recent work using artificial intelligence has attempted to integrate various process control
modules to increase productivity and quality in manufacturing operations. Further, the develop-
ments in expert systems, fuzzy logic, and neural networks are expected to be used at the higher
fevel in the control hierarchy for machining processes.

Artificial Neural Networl;s in Mechatronics

A recent trend in the area of automation manufacturing is the incorporation of artificial
intelligence to enhance the on-line process control and inspection. Intelligent on-line process
coatrol and inspection in modern manufacturing systems have significant potential for improving
production performance and product quality. Various studies suggest that incorporation of artificial
neurai networks results in a very promising synergy in generating intelligent manufacturing ‘
systems and processes. One reason for this is the dependence on knowledge-based systems, which
are widely used and acknowledged for their relevancy, consistency, organization, and completeness.
The problem of acquiring expert knowledge in a form usable by an expert system is known as
knowledge acquisition. This has been identified as a major bottleneck to the implementation of
knowledge-based system technology. However, the acquisition process ends with the
implementation of a knowledge-based system that cannot adapt to change and is unable to handle
situations slightly different from known prototype conditions. This has paved the way for the
development of brain-like computation-namely artificial neural networks that can efficiently
conduct production process control and inspection with a wide range of tolerance and uncertainties.

The field of artificial intelligence (AI), particularly the technologies of artificial neural
networks, is very useful at higher levels in the control hierarchy of manufacturing processes. The
two basic Al approaches for providing decision support have been the macro, or top-down,
modeling of human intelligence and the micro, or bottom-up, modeling of human intelligence.

¢ In the macro approach, as in knowledge-based systems, the human brain is treated as a
black-box, and the human reasoning process is modeled through cognitive analysis of the
decision-making tasks as described by the expert.

s In the micro approach, as in neural networks, the human brain is treated as a white-box, and
the human reasoning process is modeled through observation of neural connections in the brain.

On the most fundamental level, neural networks perform pattern recognition more effectively
than any other technique known. Once the network has detected a pattern, the information can be
used to classify, predict, and analyze the canses of the pattern. Below are some unusual featmres of
neural networks.

* Recall of information is highly resistant to hardware failure (in contrast to traditional
computers, in which retrieval can fail as result of a single memory element),

*» Positive and negative aspects of information are automatically balanced as a network
reorganizes to solve a problem.
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+ Abstraction of data occurs automatically as a by-product of leaming information.

* Pattern recognition occurs via parallel consideration of multiple constraints.

 Hierarchical data structures can be conveniently represented as multiple-layer networks.

* Networks can exhibit properties reminiscent of adaptive biological learning and can select
and generate their own pattern features from exposure to stimuli.

* ANN can capture patterns occurring both in time (for example, auditory information} and
space (such as visual data) and can operate in discrete or continuous representation modes.

From an engieering perspective, this new paradigm is a very powerful method for searching
throngh solution space; however, its wide-range applications also include other fields such as
business, medical, etc. ANN is best at solving problems that involve pattern recognition,
adaptation, generalization, and prediction. Its implementation also offers particular advantages
when solving problems that are very noisy, in which the performance of the system cannot be
measured with each example, or potentially small improvements in performance can result in a
substantial advantage in resource allocation and profits. In the context of diagnostics, ANN is most
valuable in applications that process continuous inputs, such as signal data. ANN solutions are hard
at work detecting fraud (credit applications, insurance and warranty claims, and credit card fraud),
in modeling and forecasting (bankruptcy prediction, credit scoring, securities trading, porifolio
¢valuation, mail list mangement, production marketing, and targeted marketing), and in process
management (process modeling, process control, oil and gas exploration, reservoir management,
production line management, machine diagnostics, flaw detection, product development, and
industrial inspection). However, for ANN to reach its maximum potential, supporting hardware is
needed that will make the netwoerk faster and thus more practical.

Knowledgé-Basgd_ System

Knowledge-based systems are the part of the Al field that focuses mainly on replicating
cognitive human behavior. They do so by capturing problem-solving expertise of experts within a
narrow problem domain and making it available for other organizational systems. The expertise is
typically stored in a knowledge base in static form of If-Then-Else rules or a hierarchy of frames
and objects, The knowledge base is used by an inference engine, which reasons with the knowledge
in a serial manner, and applied to the different problem presented by user. Conventional
knowledge-based systems are generally static, which make them inflexible in dynamic environ-
ments that require constant learning based on action taken and feedback obtained from the action.
Thus, an intelligent process control and inspection system camnot rely solely on a conventional
knowledge+based system technology that uses a static knowledge base. Rather, it needs a dynamic
learning mechanism thet can help the system to deal with an uncertain reasoning environment with
high flexibility and adaptability to the change in its condition.

Knowledge acquisition is probably the most difficult step in the development of an expert or
knowledge-based system. The complexity of the problem at hand and the human factors of
interacting and understanding the decision-making process of individuals combine to make the task
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of knowledge acquisition one that requires special tools, time, and considerable skill to perform
accurately and effectively. Yet even the experienced knowledge engineer encounters problems.
Difficulties with the expert may arise if the information provided is incorrect or is problems,
Difficulties with the expert may arise if the information provided is incorrect or is misinterpreted by
the knowledge engineer. In addition, although experts may be highly skilled at solving the problem
under sturdy, they may be limited in their ability to describe the decisionmaking process in the
meticulous detail required tc make the expert system function propesly. The expert may also
provide extraneous information that can be ehmmated ﬁ'om the knowledge base without affecting
the decision-making capability.

Knowledge Acquisition

The problems surrounding knowledge abquisition are not new to knowledge specialists in the
field. Routinely, sitiations arise in which one missing piece of information distupts the flow of the
system and causes undesirable conclusions. This often becomes a émmbﬁng block to the successful
implementation of expert systems. In addition, many processes or manufacturing-oriented
applications require sensory data inpuit to the neural network, resulting in higher costs and a greater
time investment to facilitate the informatian transfer from the shop floor or piece of machinery to
the location where the expert or knowledge-based system is housed. The sensor, data acquisition
port, associated wiring, and labor to install, maintain, and troubleshoot the sensory devices are
expensive and’ therefore should be scrutinized before being adopted into an expest system. The
cost/benefit tradeoff of including numerous sensory devices and determining their influence on the
overall decision-making process is often an activity that is overlooked in the development of expert
or knowledge-based systems.

Case Study: Real-Time Robotic Interface for Filter Inspection

This case study addresses the issue of robot intelligence via a prototype system called
CRYSTAL-1. CRYSTAL-1 demonstrates the feasibility of an intelligent robot te help plamt
sapervisors in autonomous parts inspection in changing environmental conditions.” CRYSTAL-1
consists of an artificial nevral network (ANN) system and a knowledge-based system (KBS) that
are used te control and operate, in real time, the functions of a fixed industrial robot whose task isto
recognize and replace industrial filters autonomously with the help of optical sensors. These
components of CRYSTAL-1 are integrated with a visual programming platform that is designed to
provide enough flexibility in assembling a wide variety of products that require precise inspection.
The methodology used in CRYSTAL-1 achieves iis flexibility and adaptability to. changing
environmental conditions (which in the present case is the filter quality through a signal from a
sensor and then processes the signal with a neural net and KBS modules. The quality and the factor
of acceptability of the filter are determined by the neural network.

As shown in Fig.6.16.1, in the CRYSTAL-1 architecture, the information signal on the ﬁltacr
quality is transmitted from the sensor on the robot through the robot interface module. The robot
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interface module transmits the sensor information through the ANN input interface to the ANN
system and the information on the position of the robot arm to the knowledge base. The ANN
system checks the status of the filter and, with the help of ANN output and KBS input interface
modules, provides this information to the KBS systern. The KBS system decides, depending on the
surface reflection information and the robot arm position, whether or not the filter should be
replaced. This decision is then transmitted back through the robot interface module to the robot,
which executes the necessary action.

ANN System p{ ANN Interface
F
KBS System
move F Y
Photo sensor commands (’mw’)l
(Filtsr Inspection)
KBS
Interface Input Interface '
{move) l
T Robot Interface -
(Sensor data) | kB Interface |

" Robot location Input
" Fig6.161 CRVSTAL-1 Architecture

The examples demonstrate how a quality control method can be developed and used for
real-time monroring and evaluation of product quality. The continnous monitoring of quality
reduces the dependence on Taguchi and SPC methods, which are generally inore costly. Robust
design requires careful pre-planning of integrating quality in the design process, whereas SPC is
expensive mainly because the quality control is post-production and involves waste in the form of
discarding products that do not meet customer specifications. On the other hand, the real time
method is less costly because it takes corrective action at the soutce of the problemr in real time, and
it is a highly flexible guality control method because it uses an ANN system. ANN systems are
very flexible becavse they continuously learn and make quality control adjustments based on the
data presented. In addition, ANN systems are not labor-intensive; once designed and trained, they
can pretty much be operated in an autonomous environment. This makes them attractive in the
current lean and globally competitive environment.

Artificiat intelligence: techniques are attractive means for performing this integration. Further
developments in expert systems, fuzzy logic, and neural networks are found to be useful at the
higher level in the control hierarchy for machining processes. The multi-variation environment of a
manufacturing process generally does not produce a good analytical model of the process, However,
as a by-product of the automation strategy in manufacturing, potentially wseful raw data from the
plant floor become available. By careful collection of the data and computer modeling, it is
possible to use the knowledge base and visual simulation environment to integrate completely the
design, control and inspection, and planning activities.
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There have been efforts to implement neuro-computing-based sensory systems for real-time
manufacturing., Analytical and neural network approaches are employed in paralle! to model for
real-time system monitoring and data acquisition. Some studies have demonstrated that neural
network-based methodology not only is capable of predicting the errors in workplace but also is
able to deliver a fast reference for on-line compensation of emors. Thus, further research and
development work might continue on the implementation of artificial neural networks and
knowledge-based systems dedicated to real-time manufacturing and inspection systems. In such a
system, the geometry of the part from the design stage in a CAD format, data transferring, drafting,
and the machining aspect in a machining center are included in the system under a common
database. The new generation of integrated supervisory systems with multiple process control
capability and with a common database from the CAD drawing are becoming available. Global
competition will ensure that keeping costs low while manufacturing for quality remains a challen
Mechatronic techniques currently being developed can be viewed as a key component of the next
generation of quality control, and the move toward an integrated system is the trend in modern
manufacturing. |
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17 Processing of Metals: Hot Working

Strand Casting

A second procedure of steel processing that bypasses ingot teeming, stripping, soaking, and
rolling in roughing mills is called strand casting. It is also called continous casting, because the
molten metal is continuously supplied to tundish or molten metal reservoir where it is fed through a
water-cooled copper mold from which it emerges as a continuous strand of steel in a desired cross
section as slabs or billets. Sprays of water under high pressure cool and harden the metal still
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further. The strand of metal is cut into suitable lengths by a traveling torch as the steel moves along
on rolls toward the mill stand, In some strand casters, the descending column of metal is cut to the
desired length while it is stilt in the vertical position, then the cut length falls forward onto the rolls
and is carried away. At this time the metal is at a rolling or forging heat, just under the temperature
of solidification. Both ingot and strand casting procedures are primarily designed for high-volume
production. The continucus strand casting unit at Bethlehem’s Burns Harbor, Indiana, plant can
convert 300 tons of molten steel to solid slabs in about 45 minutes.
During the strand casting process the steel strand cools from the surface toward the center,
forming large, columnar, dendritic grains (Fig.6.17.1). These large grains are characterized by low
. strength and high clongation, which in most cases is considered undesirable. In addition, internal
voids can be created due to the shrinkage of the material. The shrinkage voids result in reduced
Mss sectional area and even more importantly they act as stress risers, which significantly reduce
the strength of the structure. These undesirable grains and internal shrinkage voids can be removed
or altered by the process of hot working: rolling, drawing, extruding, or forging, Whether the slabs
or billets are made by casting ingots or by the continuous-strand casting process, the subsequent
rolling processes in mill stands remain the same.
%

%

BN

DN

¥Flg.6.17.1 Large Dendritic Crystals from in Solidifying Steel, Which Mast Be
Reformed into Smaller Uniform Grains by the Rolling Process

Recrystallization

«  Steel ingot, with its typically coarse columnar grain structure, is quite unsatisfactory for
‘applications where high strength is required, A part made directly from steel ingot can easily
fail under impact load. The columnar grains in a cast ingot must be recrystallized to give steel
the required strength. This is done by a hot working process, such as forging or rolling
(Fig.6.17.2).
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Fig.6.17.2 Recrystallization in Hot Rolling
(Neely, Metallurgy, 2d ed. ©@ 1984 John Wiley & Sons, Inc.)

Factors that influence the grain size resulting from hot deformation are: (1) initial grain size,
(2) amount of deformation, (3) finishing temperature, and (4) rate of cooling.

During hot or ¢cold working process, grains are deformed and their internal energy is increased.
Heating worked metal to an appropriate temperature will cause recrystallization of the grains.
During recrystallization numerous nucleii are formed within the larger deformed grains. Keeping
the structure at high temperature will canse the nucleii to grow, causing large grains to be
transformed into smaller grains. In order to initiate this process it is required that at least minimum
critical work be imparted on the material. The rate at which transformation occurs depends on the
temperature to which the part is being heated. The amount of transformed grains and the size of
new grains is a function of the time and temperature. If the struchure is left for an extended period
of time at high temperature, the recrystallization process will be followed by a grain growth stage at
which smaller grains will continue to grow and eventually start merging into larger grains. The
process of recrystallization and grain growth can occur simultaneously with hot working operation,
and sometimes 1t is intentionally performed, as an intermediate annealing process. This allows the
material to be worked to a great degree without fracturing.

The forming processes result in a condition called anisotropy, i.e., metal has nonuniform
mechanical propertes (e.g., strength, elongation) in different directions. This is due to the grain
deformation and their longitudinal orientation. As a result, the material is more ductile, i.e., can be
deformed without cracking or splitting, to greater extent along one direction than the other
(Fig.6.17.3). For example, the metal can be bent to a smaller radius in the direction of rolling than it
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can at 90 degrees from direction of rolling. The anisotropy of cold or hot formed metals is very
irnpottant in the welding and cold-forming processes.

“ky

fO”il‘Ig Direction
ot .
rolling

Fig.6.17.3 This Mustrates the Fibrous Quality of Rolled Steel, Called Anisotropy, Since the Fibers Are
in the Direction of Roliing, the Metal is Stronger Along One Axis than in the Other
{Neely, Metailurgy, 2d ed., & 1584 John Wiley & Soas, Inc.)

Forging Processes

In ancient times, copper and other nonferrous metals, which are sufficiently soft and ductile,
were shaped while cold by hammering. Iron and steel, which are very strong but not ductile enough
to be kammered into a shape while cold unless the piece is very small or thin, were heated before
forming. Heating metals to forging temperatures greatly increases their plasticity and workability.
Therefore, hot forging was and still is a useful method of forming steel articles, both large and
small.

In ancient Egypt, Greece, Persia, India, China, and Japan forging was used to produce armor,
swords, and agricultural tools, In the thirteenth century, the tilt hammer came into use in which
water power was used to raise or tilt a lever arm to which a weight was attached. When it fell , a
heavy blow was delivered to the hot iron. In the mid-seventeenth century at the Saugus Iron Works
in Massachusetts, a 500 pound weight on the end of 2 wooden bearn was used as a forging hammer
in which a cogged wheel driven by a waterwheel periodically raised and dropped the® weight onto
an anvil. Thus it was possible to make large forging such as heavy ship’s anchors. In 1793, Henry
Cort of Engiand built a rolling mill that had grooved rolls, making shaped bars of uniform cross
section possible, .

Forging gives metal good static, fatigue, and impact strength. This is why most good to;)ls are
forged and critical parts such as automobile wheel spindles and axles are made as forgings. Forged
parts are often machined to provide bearing surfaces, splines, key seats, and so forth, but the
essential strength of the forging remains. When parts are made by machining from the solid
material, the grain flow is always in the most advantageous direction and does not flow around
shoulders and corners the way forgings do (Fig.6.17.4). Thus, machined parts are not as strong or
resistant to failure as forgings.
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Machinad from sokid bar

Fig.6.17.4 Grain Flow in a Solid Bar as It Is Being Forged, Compared to a Machined Solid Bar
(White, Neely, Xibbe, Meyer, Machine Tools and Machining Practices, Vol. 1, & 1997 John Wiley 7 Soas, Inc.)

Forging Machines

Today, large forgings are produce in massive hydraulic presses. Smaller articles are forged by
a variety of methods and machines. Open-die drop forging, impression die drop forging, press
forging, swaging, and upset forging are the most commonly used types of forging operations in
manufacturing, When choosing a particular forging operation, several things must be considered:
force and energy required, size of the forging, repeatability, speed and workability, and
metallurgical structure. In addition, the amount of time hot metal is in contact with the die is
important to die life and is also a consideration when choosing a forging machine for a particular
forging operation,

Drop Hammer The drop hammer (Fig.6.17.5) is a development based on the old tilt

Steamn of air cyiinder

R

A 7 2

Fig.6.17.5 Drop Forging Hammer. Steam or Ajr Pressure Is Used to Ralse the
Hammer and Force It Down on the Heated Metal
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hammer. Today, drop hammers are usually steam or air assisted to increase the force of the hammer
blow and to raise the weight after each blow. Large articles such as machinery shafts that are to he
finished by machining are usuvally open-die forged, using repeated blows while turning and moving
the hot metal with tongs or a manipulator.

During this process the metal is squeezed or hammered to increase its length and decrease its
cross section. or it is upset, i.e., pressed io increase its diameter and shorten the length. Drop
hammers perform tepetitive blows to bring the workpiece to size, whereas mechanical and
hydraulic presses can often make a forging in one or two strokes, However, both types of forging
machines are adaptable to automated forging processes.

In open-die forging, drop hammer operators require a skill in giving the hammer just the right
amount of force, When upper and lower dies are used, it is called impression die forging. This
method increases production rates and ensures repeatability. Ofien two or more progressive dies are
used, each contributing to the final shape.

Mechanical Presses These machines make use of a heavy flywheel that stores energy for
the forging stroke. Mechanical presses of this type have an eccentric shaft or crank that moves the
ram down and back to the starting position when a clutch is actnated. The greatest pressure is
exerted at the bottom of the stroke. Inherent problem with these mechanisms is the possibility of
jamming the ram near the bottom dead center, but most mechanical presses have a stall release that
frees the stuck ram and upper die when this happens. Compared to drop forging machines, these
machines operate more quietly, allow more accurate control, and produce higher force and energy.
For this reason, the mechanical press is often chosen when a part must be made to closer tolerances.
During the past decades, there has been a gradual trend toward the mechanical press forging, Fewer
blows are required per forging and less operator skill is needed with these machines. Mechanical
presses squeeze rather than impact the hot metal with a shorter forging-to-die contact time, thus
extending die life.

A modern version of an eld principle is a high-energy type of mechanical forging press that
utilizes a vertical screw instead of a crank or eccentric shaft to transfer the fiywheel energy to the
ram. This arrangement provides uniform force throughout the stroke, unlike crank presses in which
the major tonnage is confined to the end of the stroke. Like the drop hammer, the screw press does
not have a bottom dead center. A continuously rotating flywheel imparts motion to a screw when a
clutch is engaged. It appears that the screw press combines two of the best features of the drop
hammer and the crank press, high impact and a squeezing action. Even with hard blow forging, the
press frame and mechanical copmonents are not subject to high stresses and the die is in contact
with the hot metal a very short time. Often only one or two blows are needed to complete a single
forging. High-energy forging presses provide high flexibility since they can be nsed for either open
or closed die forging operations.

Hydrauli¢ Presses Hydraulic presses are the slowest types, but their advantage is that they
can ¢xert very high forces required for large forgings. Instead of mechanical linkages and cranks.,
the press ram is powered with one or more large hydraulic cylinders. Qil is forced at high pressure
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into the cylinders and the ram moves at a constant rate. Smaller cylinders return the ram to its upper
position. Large hydraulic presses can exert thousands of tons of pressure, making them ideal for
some of the largest forgings.
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18 Powder Metallurgy

Powder metallurgy (P/M) is one of the four major methods of shaping metals (machining, hot
and cold plastic deformation, casting, and P/M).The P/M process is essentially the compression of
finely divided metal powder into a briqueste of the desired shape that is then heated but not melted
to form a metallurgical bond between the particles.

Although the P/M manufacturing method. dates back to the mneteeuth century, it was not until
past decades that this ficld gained wide acceptance and use. Technological advances in P/M have
been growing very rapidly also in the past decades. Products that are difficult if not impossible to
produce by other means are being manufactured with P/M at high production rates at very
competitive cost.

Parts manufactured by the P/M process have found a widespread use in a variety. of
applications. Over half of the P/M products manufactured are used in the transportation industry
(automobiles and trucks). Pasts used in farm and garden equipment and household apphances are
also made by P/M. Many new applications will be found in the future for this unique method of
forming metals.
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How P/M Parts are Made

The basic traditional process of making P/M parts consists of two basic steps—compacting
(molding) and sintering (Fig.6.18.1). In addition to these two basic manufacturing steps involvéd in
the P/M process, secondary operations are commonly performed to impart final desired properties
to the P/M product {(e.g., coining, sizing, repressing). Fig.6.18.1 shows the sequence of operations
for powder metallurgy. The depth of die cavity and the length of plunger stroke is determined
according to the density required. (ﬁ) A measured amount of metal powder is placed in the die
cavity. (b) Pressure is applied. (¢) The briquette is ejected from the die cavity. (d) The parts are
sintered at a specified temperature for a given length of time, The parts are now ready for use. (e) if
more precision is needed, they can be sized in a coining die.

Upper r—_ﬂai
PMunger

b} (e} ld)
Preaging Ejection Sintering Caining or
furnace zizing dis

Fig.6.18.1 Sequence of Operations for Powder Metallurgy
(Neely, Metalturgy, 2d ed., © 1984 John Wiley & Sons, Inc.)

In the first step (compacting), loose powder (or a blend of different powders) is placed in a
die and it is then compacted between punches. This operation is commonly performed at room
temperature. The compacted part (Fig.6.18.2), called a briquette or green compact, is how a solid
shape. However, green compact can easily be broken or chipped by mishandling and requires
careful handling. In the second step (sintering) the briquette is heated in an appropriate atmosphere
to a temperature high enough to cause the powder particles to bond together by a solid state
diffusion (Fig.6.18.3) and to homogenize any alloy constituents in the powder. Melting does not
normally occur. The P/M part is now ready for use unless other finishing operations are needed.

Secondary operations may include sizing, machining, heat treating, tumble finishing, plating.
or impregnating with oil, plastics, or liquids. Secondary operations can significantly increase the
cost of the finished part, Therefore, designers should Limit the use of secondary operations and, if
possible, complete the product in the first two basic steps. However, the sintering process tends to
deform and shrink the shaped briquette slightly. Thus, some parts (e.g., precision gears) must have
a finishing operation in which they obtain desired tolerances.
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Joined by fuston

Cold weld
Fig.6.18.2 The Compressed Particles in the Fig.6.18.3 After Sintering, the Particles in the
Briquette are Cold Welded Together at This Briguette Becoime Fused Together
Stage with Very Weak Bonding (Neely, Metallurgy, 2d ed., © 1984 John
(Neely, Metallurgy, 2d ed., © 1984 John Wiley & Sons, Inc.)

Wiley & Sons, Inc.)

Metal Powders )

;“

A number of different metals and their alloys are used in P/M (e.g., iron, alloy steel, stainless
steel, copper, tin, lead). The three most important methods of producing metal powders are: (1)
atomization, (2) chemical methods, and (3) electrolytic processes.

Atomization is a process in which a stream of molten metal is transformed mto a spray of
droplets that solidify into powder. Molten metal spray can be produced in several ways. The most
common methed is to use a stream of high velocity gas to atomize the molten metal. This method
has several variations. In one method, the gas stream is expanded through a venturi tube, which
siphons the molten metal from the crucible located below the tube. The gas breaks the stream of
molten metal into small droplets that then solidify as they are carried by the gas stream. In another
variation, the crucible with bottom gate is located above the gas tubes, The metal flows under the
influence of gravity and passes through the gas strearn, which breaks the molten metal stream. The
solidified metal droplets are then collected in a collection chamber. In addition to gas, water and
synthetic oils can also be used in the atomization process. |

Several chemical methods can be used to make metal powders, such as reduction and
precipitation. Chemical reduction is process in which metal powders are formed by chemical
reaction between metal oxides and reducing agents (e.g., hydrogen or carbon monoxide). Hydrogen
or carbon monoxide reacts with oxygen in metal oxide, resulting in pure metal.

The electrolytic process begins in the electrolytic cell
where the source of desired metal is the anode. As the anode
is dissolved, the desired metal is deposited on the cathode,
After this step is complete, the metal deposit is removed
from the cathode and is washed and dried.

In each process, the powders may be ground further to
a desired fineness, usually in a ball mill (Fig.6.18.4). Metal
powders are screened and larger particles are retumed for
further crushing or grinding. The powders are classified  Fig.6.18.4 Action of the Bail Mill is
accm.'dmg .to particle size andl shape in atik?mon‘ to otflcr Sh“‘““::;m&%ﬂdmg
considerations such as chemical composition, impurity,  (Neely, Metallurgy, 24 ed., © 1984 John
density, and metallurgical condition of the grains. Particle Wiley & Sons, Inc.)
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diameters range from about .002 in, to less than .0001 in. Test sieves are used to determine particle
size. This method of testing has been standardized throughout the industry.

Various powders are often blended by tumbling or mixing. Lubricants {e.g., graphite) are
added to improve flowability of material during feeding and pressing cycles. Deflocculants are also
added to inhibit agglomeration of powders and improve flowability during feeding.

Powder Compaction

Compacting or pressing gives powder products their shape. Metal powder forming can be
separated into two groups, conventional and alternative pressing and sintering techniques. The
method most commonly used today is the conventional approach, Wh.ich consists of the pressing
operation first, followed by sintering. The alternative technigues can be classified into (1)
alternative compaction methods, (2) combined compaction and sintering, and (3) alternative
sintering methods.

In the conventional compacting process, the powder is pressed unidirectionally in a single- or
a double-acting press. Unlike liquids, which flow in all directions under pressure, powders tend to
flow mainly in the direction of the applied pressure. Die compaction can be done either hot or cold.
Engincering properties such as tensile and compressive strength depend to a great extent on the
density of compacted material. Hot pressing, in which the powder is pressed in the die at a high
temperature, produces a density approaching that of rolled metal.

Mechanical presses are favored when the required load is not too high. Eccentric (crank)
presses rarely exceed 30 tons (60 tons would be considered quite large). Toggle-type presses may
reach a 500-ton force. The advantage of mechanical presses in that they are highproduction
machines. Hydraulic presses can exert forces in excess of 5 000 tons. They have the advantage of a
long stroke and easily adjustable stroke length. However, these machines provide low productivity
compared to mechanical presses.

Compaction of powders with various presses has the.advantage of speed, simplicity, economy,
and reproducibility. Such compaction produces a strong, dimensionally accurate, and relatively
inexpensive product. However, it does have limitations. The aspect matio (length to diameter) must
be relatively small. Parts with a large aspect ratio will have uneven densities, being denser nearest
the punches. Hence, these parts many have nonuniform and uncertain properties, and should not be
made by die compaction. Grooves or undercuts or parts with thin sections cannot be made by
simple die compaction, Thus, not every part is a good candidate for powder metallurgy. However,
some of these limitations are overcome by altermative forming techniques such as split die
technigues to provide undercuts, isostatic pressing, and densification methods.

Advanced Processes

LY

Since conventional presses can compact powder along only one axis, such presses cannot
make some shapes, such as hollow hemispheres, long parts, and internal threads. However, one
method allows pressure to be applied from all directions: isostatic pressing. In cold isostatic
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pressing (CIP), the powder is loaded into molds made of rubber or other elastomeric material and
subjected to high pressures at room temperature. Fig.6.18.5 shows the principle of Isostatic
pressing: (a) Prepared powder is placed inside & flexible container or mold. A vacuum is drawn in
the mold and it is then sealed. (b) The powder and mold are then placed in a pressure chamber into
which water or oil is pumped under pressures of 15 000 psi or more. (E:) The green compact is
removed from the pressure chamber and the container is stripped off. Pressure is transmitted to the
flexble: container by water or oil. The compacted parts are removed and sintered, foliowed by
secondary operations if needed. With hot isostatic pressing (HIFP), an inert gas such as argon or
helium is used in- 2 pressure chamber to provide the squeeze. This gas is reclaited between each
batch of pressings. Hot isostatic pressing proyvides more density and achieves a finer microstructure
than the cold process. Powders dre often preformed to an oversize shape prior to placing them in
the isostatic chamber. Heat i applied to-the perform by induction for a short time while the gas
pressure compacts the perform. Temperatures may be as high-as 1 600.to-2 000°F (871 to 1 093°C)
with pressures in excess of 15000 psi. Isostatic pressing is useful only for certain special
applications. CIP is & comparatively show process, and HIP is ever slower. Parts made by either
CIP or HIP are not Limited by the shape constraints of rigid too]il:'i_:';. ( ’

Pressurized water
or oil ,

Vacuurn and
sealed
Groen
Pressura compact
charnpar

A DAL
— et —
b o sl
iy -]
—d, [~
g e
| S _._E _‘__E
— et
el st —
gl e
— .__-i--
e b —
—tnd b
\ = =

44

{a) &) {©)
Fig.6.18.5 Isostatic Pressing
Powder Forging

Fully dense P/M parts equaling or surpassing mechanical properties of wrought products are
being produced in commercial quantities by powder forging (P/F). The green compact or perform is
made in a conventional press and then sintered. These cperations are then followed by a restrike
(forge) that brings the part to the final density. Mechanical properties may sometimes exceed those
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of wrought metals because a more uniform composition is achieved in P/M processes. Fatigue and
impact strengths are particularly high in powder forgings compared to conventional P/M parts. P/M
bearing races have been shown to outlast wrought steel races by-a factor of Sto 1,

Metal Powder Injection Molding

A PM technology that borrows a plastic injection molding process shows great promise for
production of small precision parts. In fact some variations of this process can use plastic molding
machinery. In order to inject powders into molds, the particle size must be much finer than that
used for conventional P/M processes. This “dust” is combined with 2 thermoplastic binder. The
inolding step is performed at injecting pressures of about 900 psi and about 325°F (163°C). The
result is a green compact that is sintered in the conventional fashion after the thermoplastic binder
has been removed in an oven at about 400°F (204°C). Thin walls, high densities, unsymmetrical
shapes, and accurate dimensions are possible with this method. Compared to die pressing, injection
molding is not a high-production method.

Metal Powder-to-Strip Technology

Direct rolling of metal strip from a powder slurry (powder-to-strip process) is a process in
which thin strip is directly produced without numberous hot or cold rolling operations. In this
process, an appropriate powder mix is blended with water and a cellulose binder to form a fine
slurry. The shurry is deposited on a moving band as a continuous film (Fig.6.18.6). After drying, the
moving strip is compacted between rolls and then sintered, first to remove the binder and then to
bind the particles. It is rolled a second time and resintered to remove perosity. As in all of these
advanced P/M processes, metals or alloys not possible to form in any other way can be produced
with powdered metals, Bimetal alloys can be produced in a strip, and high-strength titanium strip is
being produced for the aircraft industry.

Compacted
strip

aad 1O Sintering
fumace

Fig6.18.6 Powder Rolling Can Produce a Compacted Strip of
Drifftenlt-to-Work, Refractory, or Reactive Metalsy
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Powder Extrusion

Metal powders can be hot extruded with or without presintering. Metal powders are placed
inside a can that is then evacuated sealed. The unit is then heated and extruded. Metal billets and
tubing from powder are made by this process.

‘Word and Phrases

1. powder metallurgy

2. briquette

3. sintering

4, homogenize
5. tumble

6. impregnating

7. atomization
8. venturi tube
9. crucible

10. reduction

11. precipitation

12, reducing agent

13. electrolytic
14, anode

15. cathode
16. ball mill
17. screen

18. sieve

19. deflocculants

20. inhabit

21. agglomeration

22, sintering

23. reproducibility

24, densification
25, eccentric

26. thread

27. shurry

28. binder

29. cellulose

30. billet
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19 Machinability of Work Materials

The term machinability is a widely used termn in both research and industry. In Metals
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Handbook, American Society for Metals, (1985), it is defined as “the relative ease for a material to
be machined.” To the people engaged in a particular set of operations, it has a clear meaning, such
as the number of components produced per hour or per tool, or the relative ease in achieving
surface or dimensional specifications. However, the criteria used for various tests can be different.
A material with good machinability by one criterion may have poor machinability by another
criterion. Unlike most material properties, there is no generally accepted critetion used for its
measuremnent, The term tends to reflect the interests of the vser. The most commonly used criteria
in practice are as follows:

1. Tootl life: The amount of material removed by a tool under standard conditions before the
tool performance becomes unacceptable or the tool is worn by a standard amount.” The main
criterion for the ISO standard is basically tool life.

2. Limiting material-removal rate; This is often the criterion for ultrahard work materials.

3, Surface finish achieved: It is usually one of the dominant factors in machining of ductile
materials.

4. Chip control: In machining of some ductile materials, this can be the most significant
factor in certain operations. '

5. Force and power consumption: The force can be the limiting factor when the setup lacks
rigidity. When cutting “easy-to-machine” types of materials at a very high speed and high volume,
the available power is often the limiting factor.

Machinability Tests

The maachinability index in the Metals Handbook (American Society for Metals, 1985) and
many other industry reports are the results of machinability tests. The long-term absolute
machinability standard became available in 1977 (ISO 3685-1977). Until then, the test conditions
and criteria were determined by individual researchers. This resulted in a vast amount of
machinability data that were impossible to correlate for a cohesive body of data. The ISO standard
test indicates the relative merit {as of tool life) of two or more work-tool combinations for a range
of cutting conditions. The test material should be mounted between centers or bgtween the chuck
and center. It should have a length-to-diameter ratio of less than 10 to 1. The tool material should
be HSS, P30, P10, K20, or K10, Four sets of machining conditions are recommended. These
conditions are intended to cover anything from light to heavy roughing operations. At least four
speeds should be used that ideally result in tool life of 5, 10, 20, or 40 min. The tool failure criteria
for HSS are

1. catastrophic tool failure, i.e., breakage

2. 0.3 mm average flank-wear land width if flank wear is even

3. 0.6 mm maximum flank wear if flank wear is irregular, scratched, chipped, or badly
grooved, ‘

For carbide grades, the first criterion is crater depth of (0.06+0.3f ) mm, where fis the feed in
mmv/rev. The criteria for ceramic tools are the same as with HSS. Of the failure modes, flank wear
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is by far the most commonty used, except in high-speed machining of cast iron, where the most
sigmificant failure mode is cratering.

In addition to long machinability tests, there are many types of short-term tests often
conducted for a particular tool material combination. Czaplicki (1962) proposed a relationship
between cutting speed, which results in a 60 min tool life, and chemical content as

Vo =161.5-141.4% C—-42.4%Si~39.2%Mn
~179.4%P+121.4%8 (m/min) (6.19—2)

Boulger, Moorhead, and Govery (1951) determined a relationship of the relative machinability

index (MIE; base 100) as

MI =146 — 400% C - 1500%38i + 200%S (6.19—3)
Henkin and Datsko (1963) developed a relation using dimensional-analysis techniques based on the
material’s physical properties:

Vo Lf;, —v% . (6.19—4)
F

where B is the thermal conductivity, L is a characteristic length, Hp is Brinell hardness, and 4, is the
percentage reduction in tensile test. Similar work by Janitzky (1944) yielded the expression
D

H,A,
where D is a constant dependent on the size of cut. However, the application of these relationships
is restricted to materials of the same type and thermal history. A more common form of
machinability empirical relation was developed by Gilbert and cited by Olson {1985):
_ ABCDEFGPQ*®
- Hl.‘l‘lTnRD.lﬁfjsdz
The parameter definitions and typical values are summarized in Table 6.19.1 Eq. (6.19—6) is a
very powerful relation, especially when adapted to a given system with known products.

In addition to these nonmachining tests, actual machining tests are also conducted in practice.
There are constant-pressure tests in which a constant feed force is maintained. Accelerated tests in
which a higher-than-normal speed is used to shorten test time and so on.

Most machinability assessments are for single-point turning operations. Constant pressure and
other types of tests have also been carried out for various processes, including drilling operations.
Tool failure results from either catastrophic failure or somne measure of drill-tip wear. There is a
high poosibility, particularly in small-diameter drills, of drill breakage. Drill ength has a strong
impact on drill breakage. Becanse there are a variety of milling operations. The chip equivalent
concept (Colding, 1961) is often used to relate machinability to milling operations. However, as
already indicated, machinability is highly dependent on process and an cutting conditions. It is
difficult to relate results from one process to another muless the processes involved are practically
the same. '

The machinability of several basic types of work materials for all criteria will be discussed in
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Table 6.19.1 Parameters and Typical Values for Equation

Para. Factor ‘Typical Values
v Cutting speed Selected speed in ft/fmin
) HSS: 180 000 Carbides: 300 000
A Tool material )
Leramics: 1 500 000
: 1.0 Cutting oils: 1.15
B Coolant bry &
Soluble oils: 1.25
Carbon steel: 0.8 Free-machining steel 1.05
Alloy steels: 1.1 Cast irons: 0.75
C Material
Free-machining brass: 2.0 Aluminum alloys: (.85
Magnesium alloys: 0.9
D Micro Austenitic: 0.7 Most steel: 1.0
structure Coarse spher: 1.4
Sand cast: 0.7 ' Sand cast, blast: .75
E | Surface 4
Heat treatment: 0.8—0.95 Clean surface: 1.0
Single-point turning: Boring, milling: 1.0
F Tool type 1.0 Dxill, form Reamers: 0.7
Tools: 0.7
Sharp, 0° entering; 1.0 High radius: 1.5
G Toot profile harp B gh :
High entering: 1.5
. HSS: 1.0 Carbides: 5.0
F Tool matetial
Ceramics: 8.0
o Flank wear About 0.3 mm Depends on too] material
H Hardness BHN
R Number of points Single point: 1.0 Equal number for multiples
T Fool life - ' A few minutes to a few hundred minutes
Taylor HSS: 0.125 Carbides: .25
n
expansion Ceramtcs: 0.68
f Feed tate inch/ftey
d Depth of cut inch

following sections. The influence of some physical and mechanical properties of materials are as
follows:

1. Material with high vield strength and work-hardening ability requires more power input,
exerts higher compression stress, and, in general, generates higher temperature on the tool surface,

2. In addition to high-energy input, mathining ductile material also results in poor surface
finish.

3. Material with high-fracture toughness tends to generate long chips that are hard to break.

4. Material with high work-hardening capability requires more energy on the share plane. The
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tool may constantly cut against the work-hardened surface left by a previous cut.

5. Good thermal conductivity can reduce tool-surface temperature.

6. Material that tends to react chemically with the tool material at high temperatures can
deteriorate tools.

Steels

Stecls with very low carbon {(commercially pure iron and steels with carbon content up to
0.15%C) have poor machinability by all criteria, because of their high ductility. A very low shear
angle and large contact arez on the rake face have been observed. The chips tend to adhere to the
tool surface and may become hard to break, which often causes trouble. The high strain generates
more heat, which requires more energy input and results in a higher temperature on the tool surface.
Surface finish is also difficult to cortrol because of rubbing.

The added alloys to low-carbon steel improve machinability in certain instances, depending on
the additive elements and quantity. The increased carbon content decreases the ductility of steel, so
that the energy consumption and required force are reduced. A more significant improvement can
be achieved in surface finish. Although the heat generated becomes lower, the compression stress
on the rake does not change much, because the contact arca is also reduced. The highest
tool-temperature point on the rake face moves closer to the tool edge. The added carbon content
also improves the work material strength and hardness. For steels with a carbon contert of greater
than 0.30%, the power input and tool-surface temperature increases for steel of lesser carbon
content for the same machining conditions. The surface finish improves as the carbon content goes
" up to 0.35%, but if the carbon content goes above 0.35%, the quality of the surface finish begins to
go down again.

Other added alloys to low-alloy steels (manganese, chromium, and 5o on) increase the strength
and hardness of steel. In general, the tool wear rate increases with alloy content, but other
machining characteristics remain unchanged. Machinability is also strongly affected by heat
treatment. As a general rule, the material should be treated to the minimum hardness requirement.

One important problem in cutting steel is tool-life variations. When cutting steel with
steel-grade carbides at high speeds, major variation in tool life is attributed to the nonmetallic
inclusions that attach to the rake face and form an unstable glassy barrier. Although the
phenomenon is not as pronounced in WC-Co or HSS tools, these tool materials do not cut steel
effectively. This gives rise to free-machining steels.

Free-Machining Steels

Free-machining steels are typically alloys of steel and sulfur, lead, or other suitable alloying
agent. The addition of 0.1 to 0.3% S or 0.1 to 0.35% Pb or a small amount of Bi (bismuth),
Se(selenium), Te (tellurium), and P (phosphorus) can greatly reduce force, power input,
tool-surface temperature, and tool wear rate. Surface finish and chip control can also be improved.
Most importantly, the tool performance is more consistent, because of less sensitivity to detailed
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heat history. The difference in tool life may be very large for the material with standard
specifications but quite different for nonfreemachining steels. However, the mechanical properties
of free-machining steels are not as good as regular steel, and they cost more. A compromise can be
made among material cost, operation cost, and product performance. The manganese content of
these steels must be high enough to ensure that all the sulfur present is in the form of MnS.

Stainless Steels

There are three major types of stainless steels with respect to micretructure: austenitic, ferritic,
and martepsitic. These materials have higher tensile strength and greater spread between yield and
fracture strength than low-alloy steels. The energy input and the temperature on the tool surface are
also higher than ordinary steels. Due to their high alloy content, they contain abrasive carbide
phases. Both of these characteristics produce faster ool wear.

In addition to the preceding properties, austenitic stainless steels also possess strong
work-hardening capability and low thermal conductivity. These severely reduce the machinability
measures for all criteria. Not only will higher temperature be encountered, but the chips tend to
bond to the tool surface and are hard to break. Specifically, problems arise when the tool edge is
cuiting into a work-hardened surface, left by a previously machined surface. Because of this, a
sharp tool, a reasonable feed rate, and & reasonable depth of cut are recommended to avoid
excessive wear caused by continuously cutting a work-hardened surface. In order to improve the
generally low machinability of austenitic stainless steels, sulfur, selenium, and tellurium are added
to reduce ductility. These are called free-machining stainless steels. They are more expensive and
the additives reduce the corrosion resistance slightly.

Cast Irons

Flake graphite and spheroidal graphite (SG) cast irons have good machinability with respect to
all criteria. The graphite flakes and sphei'es initiate fsacture on the shear plane at very frequent
intervals. The process experiences a low tool wear rate, high MRR, low force, and low power
consumption. Good surface finish can be easily achieved. The chips fall in very short segments for
flake graphite and easy-to-break longer segments for SG. Tool life decreases mainly with hardness.
In recent years there have been more applications for using ceramic tools at a very high speed. Due
to the high production rate and high surface finish achieved, additional grinding operation can be
eliminated. Another ceramic tool application on cast irons is for chilled irens with hardness of
430 HV at speeds up to 50 m/min. CBN can aiso be used for cast-iron hardness range from
55-58 Rc (600-650 HV) at speeds up to 80 m/min. A higher clearance angle is recommended for
SG cast iron to eliminate extremely ductile flow-zone material from clinging to the flank.

Nickel-Based Alloys

Nickel-based alloys are among the most difficult to machine materials, because of their very
strong work-hardening capability and hard abrasive-carbide phases. At much lower speeds than
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cutting steels, the tool temperature can reach the point at which plastic deformation and diffusion
can take place. Because of this work hardening, the feed rate is very iniportant, When it is too low,
the tool is continuously cutting through workhardened material generated by previous cut.
Conversely, at high feed rates, even if the theoretical surface finish is acceptable, the stresses on the
tool may be too high and can cause catastrophic tool failure. As a compromise between two
extremes, a feed rate of (1,18 to 0.25 mm is recommended. In order to eliminate rubbing effects, a
positive rake should be used. WC-Co grades of carbide can be used at speeds up to 60 m/min,
Steeleutting grade tools fail more rapidly, and even coatings have shown little advantage, However,
in recent years, ceramics, CBN, and Sialon tools have been found to be more effective in cufting
nickel-based, high-temperature alloys. The surface speed can be as high as 250 m/min.

Aluminum Alloys

Pure aluminum is very ductile. The chip tends to adhere to the tool surface and it can be very
hard to break the stringy chip. It is difficult to achieve 2 good surface finish, especially at low
cutting speeds. However, aluminum alloys have good machinability in almost all criteria.
Cast-aluminum alloys with silicon as the main alloying element are the most important casting
group. These alloys contain abrasive silicon particles, which can reduce tool life, and therefore are
more economically machined at lower cutting speeds and feeds than other types of aluminum alloys.
The addition of copper can improve not only material strength, but tool life as well. Due to reduced
ductility the chips are easier to control. The aluminum-magnesium and a]unﬁnuin—zinc~magnesium
alloys all have good machinability. The cutting speed can go up to 300 m/min for HSS tools and
2 000 m/min for WC-Co carbides. The machinability of wrought aluminum can be improved by
addition of low-melting-point insoluble metals, tin, bismuth, and lead. The flank wear is most
pronounced in cutting aluminum alloys and is usually the measure of tool failure.

Copper and Ifs Alloys

Pure copper is similar to other pure metals and has poor maclrinability. Unlike other pure
metals, however, copper with a very low alloy content is widely used in electronic comnponents
and fittings. The cutting speed of these small-size components are usually limited by spindle
speed (up te 140-220 m/min). A built-up edge does not occur in this type of application. The tool
forces are very high due to the large contact area on rake face and the low shear angle. However,
the surface finish and chip control can become a problem. For this reason, high-conductivity
coppers are regarded as one of the most difficuit materials to machine. In drilling deep holes, for
example, the forces are often high enough to break the drill, The addition of lead, sulfur, and
tellurium improves the machinability after cold working. For most operations, the important
concern is chip control,

‘Word and Phrases
1. machinability Tk
2. cohesive YhEN
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3, carbide ity

4. arning 3l
5. boring K|
6. milling Bl
7. reamer gL
8. chuck &, ARExRE
9. breakage BN, W, g
10. rake face (IR HIE
11. rubbing B
12. pronounced BEN
13. austenitic BKE
14. ferritic HRAE
15, martensitic DEG
16. abrasive BB, WHEERY
17. clinging AR, RERD

20 Introduction to Manufacturing

Basic Definitions for Manufacturing systems

Today, the terms manufacturing, manufacturing engineering, and manufacturing systems have
been widely used in both industry and academia. However, the general definitions of related
terminologies are still not standardized. In this section, several important terms in the area of
manufacturing systems are defined.

1. Manufacturing is a set of correlated operations and activities, which includes product
design, material selection, planning, production, inspection, management, and marketing of the
products, for the manufacturing industries. '

" 2. Manufacturing production is a series of processes adopted to fabricate a product, and such
processes exclude the activities for designing, planning, and controlling the producticn.

3. Mamufacturing processes are the lower-level manufacturing activities used to make
products. There are traditional machining processes, for example, turning, milling, and grinding,
and more advanced nonchipping processes, for example, electrochemical machining (ECM) and
electrodescharge machining (EDM).

4, Manufacturing engineering involves the design, operation, and control of manufacturing
processes (planning, scheduling, as wells control of the manufacturing production and batch
quality). It is the heart of design, planning, and control of the manufacturing systems and requires
knowledge from other disciplines, such as electrical engineering, mechanical engineering materials
engineering, chemical engineering, and systems/information engineering.

5. Manufacturing system is an organization that comprises several interrelated manufac-
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turing subsets. Its objective is to interface with ontside production functions in order to optimize the
total productivity performance of the system, such as production time, cost, and machine utilization.
The activities of thesé subsets include design, planning, manufacturing, and control. These subsets
are also connected with production functions outside the system, such as accounting, marketing,
financing, and personnel.

Fig.6.20.1 illustrates the relationship between the subsets and functions outside of a
manufacturing system. The acti\;ity in a manufacturing system initiates from the designing of a
product, then proceeds with the planning of manufacturing processes, and develops control
strategies for the system. After the planning and control operations are verified, the raw material
can then be processed and output (product) is produced. The output of the manufacturing systems
can be classified in two categories: (1) physical output, or product, and (2) manufacturing
performance information that can be used as feedback to the system for adaptive adjustment of the
machinery and control mechanisms.

i 1 |

[} i

¥
! |

Design Manufacturing Product |
' ]
Plantiing/Control
Fig.6.20.1 Marufacturing-System Diagram

Design Activities for Manufacturing Systems

Product design is the first step of the manufacturing activity that deals with the conceptualiza-
tion and planning of the physical and functional characteristics of a product. An ideal design always
stresses the ease of machining and assembly. In other words, the purpose of engineering design is to
study how to design a product so that manufacturing cost and time can be reduced while preserving
the functional requirements of a product. The major subsets (Fig.6.20.2) included in the design
activities follow: '

1. Design conceptnalization and function identification are two vital elements of design.
The designer begins by gathering all the appropriate technical information about the proposed
product, for example, the materials, components, processes, and configurations that are required to
satisly the need. In other words, the function requirements of a product should be identified and
asserted, Suh and Rinderle (1982) suggest an axiomatic approach for manufacturing design that can
be treated as a general gnideline for designers:

Axiom 1: Always maintain the independence of product functional requirements.
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Fig.6.20.2 Design Activitles of the Manufacturing System

Axiom 2: Minimize the information content of any functional requirements and constraints,
2. Product modeling establishes the analytical and graphical representation of a product,
which can preserve and communicate the product configuration and functional requirements in an

effective manner. Computer-aided design (CAD) is a popular modeling method and is detailed in
Chapter 3.

3. Material selection is a key issue in enginecring design. It involves more than selecting a
proper material that has the properties (part performance) to meet the functional requirements. The
material is also closely connected with the processing (part manufacturing) of the raw material into
a final product. Several sources of information on material properties are available such as [Lynch
(1974}, American Society for Metals (1978), and Reinhart (1987)].

4. Design for efficient manufacturing is the most convoluted portion of design activities. As
the assembly parts illustrate in Fig.6.20.3, an improvement is made N -
by having a rounded corner or chamfer on the insert. This
modification results in easing the positional requirements for the
assembly préces_s.

5. Dimensionlng and toferancing of a product are intimately
connecsed to the selection of machinery and a manufacturing
process with proper capabilitics. Tolerancing overspecification is
one of the most common mistakes made by design engineers. It is a i
prevailing trend that engineering designers obtain a back- Fig.6.20.3 Assembly
ground in manufacturing processes before they dimension and
specify a product. This will be discussed in detail in Chapter 2.

Planning and Control Activities for Manufacturing Systems

The performance of 2 manufacturing system can be guaranteed only by detailed preliminary
planning and the legitimate control and feedback of the system, Without these control mechanisms,
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it is meaningless to have a plan. The planning and control activities for manufacturing systems can
be categorized based on specific factors, specifically the physical resource, information/knowledge,
and time. Material-requirements planning (MRP), capacity planning, facility planning, inventory
control, and tool management are planning and control activities for physical resources. Production
scheduling is the planning and control of manufacturing resources over time, As to manufacturing
information/knowledge control, it comprises the information communication and manufacturing
database management. All these planning and control activities are interrelated, and each
component is discussed in the following (refer to Fig.6.20.4):

M Copacity Facilty Plansing/ Process
" Plenging Mzierial Handling Plannin,
Requirement R
Phnmn& ]
" nformation ‘ Manufacturing
Communication Planning/Control Datebaze
Conirol Management
¥
Pmducunuf Tnveatory M Toal y Quality
Scheduling Control anagemen ASSUrANCE
Control . Controd Control

Fig.6.20.4 Planning/Control Activitles of the Menufacturing System

1. Material-requirements planning works as an initiator for the manufacturing system.
When management determines the master production-schedule requirements (the MRP process unit
integrates this information with the existing plant-capacity status and generates purchase orders,
work orders, and schedule notices), based on the raw material required (bill of material) and
subassembly sequences determined by the engineering designer, and the inventory status reported
from the storage warehouse manager, work orders and scheduling notices are sent to the shop floor
control manager to prepare for production,

2. Capacity planning comprises the information that is required to accomplish the production
goal, such as identifying the number of machines, persons, material-handing resoyrces, tooling, and
50 on, The availability of shifts per work day, the work days per week, overtime, subcontracting,
and machine/tool/material-handling device requirements are fed back 1o the MRP control unit,
which adjusts the work orders, purchase orders, and schedule notices.

3. Facility and material-handling device planning are planning activities for selecting and
arranging the physical layout of the manufacturing facilities, the material handing devices, and the
storage space. For several decades, group technology (GT) has gained increasing acceptance in this
area. For small-to-mediuvm production. GT cellular layout can reduce the part routing time and
reduce part fixturing during transfer from machine to machine.
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4. Inventory control deals with the control of {(economic) inventory levels and the reorder
point for any raw material, semifinished, and finished parts. Also, the control of work in process
{WIP) is another key element of this area. The philosophy of just-in-time (JIT) is a prevailing trend
for reducing the WIP as well as the inventory. An ideal inventory-control mechanism guarantees no
delays of the material supply.

5. Tool management is a vital activity that is frequently neglected by the mamnfacturing
engineer. It deals with tracking of tool location, cutting elapsed time, times for reconditioning, and
so on. Minimizing tool breakage is a critical task of this control module.

. 6. Scheduling deals with the dispatching of job orders. Several miles such as FIFO (first in,
first out), SPT (shortest-processing-time), and LIFO (last in, first out) are commonly used to
schedule activities at workstations, The mean flow tirme, make span, machine ufilization, and
due-~date constraints are measures of performance for the manufacturing system.

7. Quality control is the process that ensures the final acceptability of a product. Quality
control deals with activities ranging from inspection and related procedures to sampling procedures
used in manufacturing.

8. Manofactaring information mapagement deals with the flow and allocation of
information concerning manufacturing resources and functions. Included here are resources such as
workers, machines, materials, tooling, and so on. This information is necessary for virtually all
other manufacturing functions. Computer databases for managing manufacturing information can
save storage space and standardize the information format, which is the major step for
computer-integrated manufacturing,

9. Information and communication are especially important for large and
.computer-integrated manufacturing systems. Several different types of electronic communication
protocol are available for different considerations. Manufacturing Applications Protocol (MAP) is
‘an electronic hierarchical manufacturing-control protocol gaining rapid acceptance. Hierarchical
control is suitable for many manufacturing systems, both manual and computer-controlied.

Word and Phrases
1. axiom A
2. convoluted BELEl, THER
3. chamfer ]
4. prevailing HEEE, FER, HWATH
5. legitimate Aikty, SN, EZLM
6. inventory FHAR, 7K, WeEh £%
7. fixturing EEiRE, LR
8. reconditioning B, FRE, FEY
9. communications protocol B ‘

194




Bt A TAXERHRAR

ME1 = W OB
Py W 5 g X o #
dis-, in-, non-, disorder TGFF, inelastic JE3MPERY, unloaded R
= [ A X gE. RF MBRRY. uncertainty FsEHE
mal-, mis-, A3, % malfunction 51 ¥, miscalculate W44
s | de-, dis-, un- = i H B decentralize 738, disconnect S}, unloading EHER
anti-,  contra-, B. #. 3%t 8 antirusting BRI, contraflexure R EH .
counter- counterbalance P46
extra- 5b, E5h extroneous #MIAKT, extrapolate S
in- ml, R incurve A%, inclination {Hi#
infra- EF. ETH Infrastructure 35Fl, REETHE
= e o, Inerrolate A ._inecdepend Z AR
{2 | intra- R, HEE intramural $LT7 IR, intranet Fiig
g | mid- i, 8 midposition FEAIE .. midsection 5 RIER
| out- 5b, migh. M outline ¥4k, outward [E]5h&
# over ZELW, &S overground #i F %), overlook J#
B [ pre-, pro- =)l FERT preface FF 5. proceed HIIE
sub-, undet- T, EFHE subway BT €18, inderground 31T i)
Super-, sur- FEreee b superstructure EEFLEH, surface RE
fore- Bk, SeEt foreshock BT, forecast HIiR
effE | post- B ) posttensioned J5HER), postgraduate FFFTA4:
WF | pre- 3k prestress TR f), precaution T
re- #H 55 renew B37, readjustment Bk
. extra- #oh, B extraordinary I, exira-light §E89
g hyper- i, |mE hypersonic S, hyperplane & -1
over- Fod, aAE overload B3R, overmix 3 BE
5 el e, coexist F&F, cooperation & 1E
o equi- Gk equilibrium 4§, equivalent 44
Sym-, syn- [, 3t symmetry %%, synchronous [Fi#ER]
B | die- il ot diameter B4, diagonal X%k
RE | trans- M, Bl transport &5, transparent FEHAY
deca-, deci- +, +HZ— decameter10 2K, decigram 57
hecto-, centi- B, BNz — hectoliter100 A F, centimeter HK
o [dlo milf- | F, Fhrz— ilogram T2, millimeter 3%
g | mega, micro- 3k, & (AARZ—) megacycle 76/, microampere %%
multi- W&, BN multimeter 732, multilateral £
hemi-, semi- A, —2p hemicycle @, semiconductor 254
ﬂ macro-, magni- | 4, K, R, EX macroseism 3B M, magnification B K
ﬂij, micro- s, AR microphone B, microwave ik
ortho- H F, EH orthogon 5E7%. orthograph £

195




M2 % H B &
H # i ' X H )

e T # (ARHD observer WA #E, computer iT#HL
dcian | e - SRR fEF technician 3%f, mechanician HIAI
-ist JI%- ST 3 scientist FHER, chemist fhEX
-or e CAEREDD operator ¥p{EH . censor £ERR
-acy . REE accuracy ¥§ %, determinacy BRSELE:
-age RE. % storage f%7F, voltage BLIE
~al e, JRE approval #1¥, removal B

& -ance, ~ence M. RE. X8, AESE | resistance §ikHi, difference 5
-ancy, -ency . RE. 7%, 8% | constancy R, efficiency 3%
-bility e, EE. RES reliability F[#EfE, possibility 7] §B#:
-ety PR, RE% variety 254k, dubiety FREE
faction, -facture | #R, -4k, TERAF liquefaction 4k, manufacture FTHIE
~fication R, -4b emplification X, simplification Fj{k
-ine R RES discipline %}, machine H 5%
-ing AERLTR. &R, IRF | reading FE¥, building BH
on slon ton, | i, . e | oo o e
-ity HE. RE, BES density BFEE. reality BL3
-ment HHE. RE. 2R, FEF | movement 53N, treatment ZMH
-ness . &%, RS hardness FEE, slenderness SRk

ﬁ _| -ship R, RE. A, 875% | scholarship #iH, relationship X #
-th e, . R RE width JEFE, growth K
“tude HHE. RE. BF magnitude ME, latiude £5FE
-ure fih. B8 fracture BT%Y. pressure FEJ
-graphy el Bl petrography £ 71%, bibliography 5 B
deg | e $' E. dynamics 3{];’3#, bicnics w&#
dogy | s 2, v it geology HuJfs%, hydrology 7K L%
-ant, -ent e 0 L L ) resultant &1, solvent 37
-able, -ible mI BB, FIRARY applicable BERIFBIY, permissible FVFHY
-l v lateral B} 5] A9, additional BEIMAY
-ant, -ent : ) important WK, dependent HEH

L P R P JERE, e RRHERY regular I SLNIAY, linear A

# | -ay RF-B, H-HKH | contrary #EEHY. clementary Ry

ﬁl -ive e SHERY, oo XM | substantive ZRFAY, decisive BEHER)
-ory BBy, e HERREY preparatory Hi#8Y, compulsory i &
-ful W, s/ plentiful F£/RAS, useful HEK

-ous

continuous FEZEAT, porous FFLEY

196




& W & B X )5 i
-en oo HlY, oo BREY wooden AF), earthen B+ K
B | -ble,ple | e £ i:1i0) double P15, quadruple PO
% -fold 1% ‘ twofold P39, manifold HFH
-most ey utmost XA, topmost I |59
W | ess WA ey Tl wireless TLERAY, stainless AT
-ic, atic, -ical RF 8, L---HXH | mellic &RH, systematic ZHH)
5 Lo ¢, 858 harden ¥4k, strengthen fNZE
R B MR verify iE3, clessify 733
-ize (ise) AR, fl realize CEY, standardize f#------$F¥EH
-ly RE, BE relatively §i%Hil, comparatively thH#
Bl | -ward (5) pod] onwards |78, upwards i1 £ R
¥ | -ways HE, HR endways B3, sideways Fl-—il
~wise e, FR endwise NI, lengthwise NI
®

5 e B - e

197




(a+d)
a=ph

atb
a=h
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HREB ERANFEFSNIRRE

a half, one half

a third, one third

two thirds

a quarter, one-quarter, a fourth, one fourth .

" a(one) hundredth

a (one) thoysandth _
one hundred and thirteen over three hundred and twenty four

four and two thirds

zero (O,naught) point two five
plus, positive

minus, negative

plus or minus

multiplied by, times

divided by

be equal to, equals

be approximately equal to, approximately equals
round brackets; parentheses
square (angular) brackets
braces

less than or equal to

rore than or equal to

infinity

because

therefore

maps into

xplusy

bracket a plus & bracket closed
aequals b; aisequaltob; aisb
aisnotequal to b; aisnotd
a plus or minus b

a is approximately equal to 5



5%

log x
log,, x
log, x,Inx
e, exp(x)
x"

1
x ®Ax
sin
cos
tg, tan
cig, cot

a is greater than &

a is much [far] greater than b

a is greater than or equal to b

¢ is less than b

a is much less than b

a is less than or equal to b

a is perpendicular to b

x approaches infinity

a is identically equal to b; & is of identity to b

angle a

a is parallel to b

a is similar to b

a varies directly as b

x square ; x squared ; the square of x; the second power of x; x to second power
xcube; xcubed; the cube of x; the third power of x; x to the third power
the square root of x

the cube root of x

per cent

two per cent

per mill

five per mill

log x to the base n

log x to the base 10, common logarithm

log x to the base e, natural logarithm, Napierian logarithm
exponential function of x, ¢ to the power x

the nth power of x, x to the power »

the nth root of x, x to the power one over n
sine

cosine

tangent

cotangent

secant

cosecant
arc sine

arc cosine

the hyperbolic sine
the hyperbolic cosine
the summation of
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100°C
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the summation of x sub i, where i goes from 1 ton

the product of

the product of x sub i, where i goes from 1 to »

the absolute value of x

the mean value of x; xbar

b prime

b double prime: b second prime
b triple prime

function f of x

finite difference or increment
the increment of x

dee x: dee of x; differential x-

the differential coefficient of y with respect to x; the first derivative of y with
respect of x o

the second derivative of y with respect of x e
the nth derivative of y with respect of x

the partial derivative of y with respect of u, where y is a fonction of » and

another variable {or variables) |
integral of
double integral of
n-fold integral of
integral between limits 2 and b (- from a to b)
vector F
a sub two
twenty degrees
seven minutes; seven feet

° thirteen seconds; thirteen inches
zero degree Centigrade [Celsius]
one {a] hundred degrees Centigrade
thirty-two degrees Fahrenheit



ADN
Alias

Anchor

Archie

Applet

Anonymous
F1P

AOL

ARPANet

Authentication

Backbone
Bandwidth

BBS

Binhex

BITNET

Bounce
Bps

Browser
CERN

CGI
Client/Server

Compression

Misk C Internet T iR

Advanced Digital Network. Normally refers to a 56K/bps leased-line.

A name that points to another name. Aliases are used to make the original
name easier to remember or {0 protect the site's identity,

An HTML term for the destination end of a link. (The site to which you are
linking your page)

A program that catalogs files on over 1000 Internet servers.

A small (mini) program that adds functionality to another program.

Sites (Servers) that allow anyone access to download files (usually software),

America Online. A popular commercial online service with an easy-to-use

graphical interface. :

Advanced Research Projects Administration Network. The forerunner to the

Internet. .

A method for identifying a user prior to granting permission to access,

change, or delete information in a system. The most common type of

authentication is a user password.

A high-speed line or series of connections that forms a major pathway within

a computer network.

The width or amount of information you can send through & connection.

Usually measured in bits-per-second.

Bulletin Board System (a.k.a. electronic bulletin board). A BBS usually

consists of a PC, modem, and communication software attached to one or

more phone lines. Callers dial up the BBS and are able to download software,

and send and receive messages.

Binary hexadecimal. A method for converting non-text files (non-ASCII) into

ASCIL

Because It's Time NETwork. A wide area educational network that is part of

the Internet.

E-mail that does not go through is said “bounced”.

Bits-per-second. The speed that data is moved from one place to another. A
#“28.8 baud modem” can move 28 800 bits-per-second.

An Internet application that lets users travel (surf) the World Wide Web

(WWW). '

A high energy physics research laboratory located in Geneva, Switzerland

that was the origin of the World Wide Web.

Common Gateway Interface. A language that works with HTML to improve

the capabilities of a homepage.

A computing paradigm where processing is divided between an (graphical

front-end) application running on a user’s desktop machine and a (back-end)

server that performs intensive processing tasks in responseto client requests,

A process that reduces the size of a file. Compressed files take up less space

on comiputers and can be transferred more quickly.
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CompuServe
Crawlers

CU-SeeMe
Cyberpunk

Cyberspace

Daemon
Database

DNS

Demain name

Domain name
Server

Download
Downstream

E-mail
FAQ

Fire Wall
Freenet
Freoware
FTP

FYI
Gateway

Gopher

Hacker

Homepage
Host
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One of the largest and the oldest commercial online services.

Also called search engines. Programs designed to search and categorize the
World Wide Web.

A free video-conferencing program (under copyright of Cornell University.)
The term grew out of the work of William Gibson and Bruce Sterling and has
evolved into a cultural label encompassing many different kinds of human,
machine, and punk attitudes of those who inhabit Cyberspace.

Term originated by author William Gibson in his novel “ NEUROMANCER ”.
The word Cyberspace is currently used to describe that space where people
communicate through electronic computer networks.

A program that rons continuously on UNIX machines. Daemon progmms are
key to running e-mail and web servers,

A computer file that contains any type of data. Once information is coliected
in these files, they can be queried to provide organized informational reports.
Domain Name Service. An Internet service that allows us to use symbolic
names (www.gm.com) instead of IP addresses (129.21 9.55.217) when
contacting computers connected to the Internet.

A unique name that identifies an Internet site. Domain names always have
two or more parts, separated by dots, i.e., www.asu.edu.

A server (computer) that tracks other machines and their numeric IP
addresses. When a computer is referred to by name, a domain name server
puts that name into the numeric 1P address assigned to that computer.

File transfer from a server computer to the client computer.

Usenet users who get their news from you are “downstream” from the
information flow.

Software that lets users exchange messages across a network. It is the
electronic version of a letter sent by the postal system,

Frequently Asked thlons A list of commonly asked questions with their
answers,

A combination of hardware and software that separates a computer network
from some areas of the Internet.

Computer networks and BBSs that provide free Internet access, many times
through schools and libraries.

Free software that is available on the Internet! Generally, you can use it and

distribute it but not modify it because of author rights,

File Transfer Protocol. The Internet protocol that provides network file
transfer between any two networks.

For Your Information,

Hardware or software. that translates between two dissimilar protocols. Most
commercial online services have a gateway that translates between its
internal, proprietary e-mail format and Internet e-mail format.

A successful system of making menus of material available over the Internet
developed by the University of Minnesota. Gopher uses a standard Client and
Server style program.

A persen who is a computer gura who uses his expertise to“hack ”into others’
computers.

Usually the first page of a World Wide Web site,

A server computer on a network that is a repository for services available to
client computers on the network.



HTML

Hyperlink
Hypermedia

Hypertext

Internet

ISH

IRC

ISDN

ISP

Java

LAN

Link
Listserv
Login
Lurker
Maillist {(or

Mailing List)
MIME

HyperText Markup Language. The tagging or coding language used to create
hypertext documents for use on the World Wide Web. Generally read or
viewed by Web Browsers.

HyperText Transport Protocol. The TCP/IP-based communications protocol
developed for use on WWW. HTTP defines how clients and servers
communicate over the Web.

- A “link” to other documents—pictures, buttons, “hot words” or phrases in a

document that can be chosen by a reader to display more information.

A computer-based information delivery method using text, graphics,
animation, sound, video that can be linked and treated as a single unit.
Originally used for all hyperlinks and still used for text that contains “links”
to other documents. A non-linear method of erganizing contains “links” to
other documents. A non-linear method of organizing text, graphics and other
kinds of data, which allows individual elements point to one another.

The interconnected computer networks that all use TCP/IP protocols.
Evolving from the ARPANET of the late 60's and early 70's, the Internet now
(July 1995) conmects roughly 60 000 independent networks into this vast
global network.

Internet Protocol is the main network protocol for TCP/IP. Sometimes called
a “dotted quad”, this number consists of four parts separated by dots. (i.e.,
255.255.255.255)

Information Super Highway Another name for the Intemet or global
electronic communication network.

Internet Relay Chat. Multi-user live chat facility that permits users to “talk”
to one another via real-time text, Private channels can (and are) created for
multi-person “conference calls”.

Integrated Services Digital Network. A way to move more data over existing
regular phone lines, ISDN is rapidly becoming available to much of the USA
and in most markets.

Internet Service Provider. Crganizations, such as America Online (AOL),
CompuServe, Prodigy, etc., that provide Internet access to a customer. These
organizations usually charge for their services.

A programming language invented by Sun Microsystems that is specifically
designed for writing programs that can be safely downloaded to your
computer through the Internet. Using small Java programs (called “applets” ),
Web pages can include animations, calculators, and other fancy tricks.
Local-Area Network. A computer network limited to an immediate area,
usually the same building.

A link connects users to hitp files located on various computers around the
world via the World Wide Web.

An automated maillist that distributes mail to a list of subscribers. Listservs
criginated on BITNET, but they are now common on the Internet.

An account name used to gain access to a computer sysiem. It can also mean
the act of accessing a compter system - going online. '

A person who views CUSeeMe and newsgroup discussions, but does not
participate in thern,

A systern that allows people to send e-mail to a computer, whereupon their
message is forwarded to all of the subscribers of that maillist.

Multipurpose Internet Mail Extension. A standard way of aftaching non-text
files (sound, graphics, spreadsheets, and formatted word-processor
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Mirror Site
MODEM
Moderator
MOO
Mosaic
MUD
MUSH
Neﬁqugtﬁ

Netizen
Netscapc

Network
Newsgroup
Newsreader
NIC

Nickname
Node
Offline
Online
Page
Password
POP

Posting
Prodigy
Protocol

Provider
Public domain

PPP

Querie

Quick Time
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documents) to Internet e-mail messages.

A site that mirrors the contents of another site. Used to lessen the load on a
popular site.

MOdulator, DEModulator. A device that connects your computer to a phone
line and allows the computer to talk to other computers.

A person who reads all the posts to a newsgroup before they are posted, to
decide whether a particular message is appropriate to that newsgroup.

Mud Object Oriented. A multi-user environments where people role play and
interact in real-time using objects.

"Marc Andressen’s first Web browser that was available for the Macintosh,

- Windows, and UNIX computers.

Multi-User' Dungeon or Dimension. A (text-based) multi-user simulation
environment,

Multi-User Simulated Hallucination. Generally a MUD that uses a popular
movie for its environment theme,

Etiguetie of the Internet.

From the term, "citizen”, refers to a citizen of the internet.

A WWW Browser and the name of a company. The Netscape (tm) browser
was originally based on the Mosaic program developed by Marc Andressen at
the National Center for Supercomputing Applications (NCSA ).

Two or more computers connected to share resources.

A discussion group on Usenet.

A software program used to read newsgroups.

Networked Information Center. An office that handles information for a
petwork. The most famous of these on the Intemnet is the InterNIC, which is
where new domain names are registered. |

A name given to an e-mail address.

Any single computer connected to a network.

A computer not connected to a computer network.

A computer connected to a computer network. More often referred to as a
computer that is connected to the Internet.

One file on a WWW site. It can contain any amount of information,
depending upon the size of the file.

A personal code used to gain access to a locked system. Good passwords
contain letters and non-letters, not simple combinations.

Two commonly uséd meanings: “Point Of Presence” and “Post Office
Protocol”.

A message entered into 3 network communications system.

A popular commercial online service.

A specific language that computers use to talk with each other; decided upon
by the majority of users. '

A company or group that provides service.

Software that is free to be used, distributed, or modified. It has been given to
the public free of copyright infringement.

Point to Point Protocol. A popular protocol that allows a computer to use a
regular telephone line and a modem to make TCP/IP connection to the
Intemnet,

A search or gquestion asked by a user of a database. Generally used to search
for information. "

An Apple software program used to display video files. Quick Time movie



RealAudio

Router

Search engines

Self-extracting

Archive
Server

Shareware

Signatare

Site
SLIP
SMDS

Snail mail
Sysop

T-1
T-3

TCP/TP
Telnet
Terminal
Thread
Timeout
TIEN
’Ihrbogophelf
UNIX

Upload

files can centain text, sound, animation, and video, and are often very large.
Because of their size, it can take a long time to download, especially if you
are using modem dialup access.

A commercial software program that plays audio on as the file is being
loaded, reducing the long waits for large Files to transfer.

A unique computer (or software package) that handles the connection
between two or more networks “routing” file transmissions.

Also called Crawlers. Programs designed to ceaselessly search the Web,
looking for specific content or simply following links to see where they go.

A compressed file that can be uncompressed simply by clicking on it.

A computer that provides a specific kind of service to client computers.

Generally, this is file-sharing, information routing, or message delivery.

Software generally available on the Internet that you are permitted to try out.

If you feel you will use it, a modest fee is expecied to be paid to the

developer. Usually these are demo or abbreviated versions of more powerful

comnercial versions.

A text file that is automatically appended to an emajl message. Generally

these include several lines of text, and used as an easy way of signing e-mail

messages.

a location on the Internet, i.e. WWW site, gopher site.

Serial Line Internet Protocol. A standard for using a regular telephone line (a
“serial line” ) and a modem to connect a computer. SLIP connections are

similar to and gradually being replaced hy PPP.

Switched Multimegabit Data Service. A new high-speed data transfer

standard.

Traditional methods of sending mail—US Post Office.

Systems operator. The person responsible for the operations of a computer

system or network resource.

A leased-line connection capable of carrying data at 1544 000

bits-per-second. A T-1 line could move a megabyte in less than 10 seconds.

While this might seem fast, it cannot transfer full-screen full motion video.

A leased-line connection capable of carrying data at 44 736 000

bits-per-second. Much faster than a T-1 and capable of transferring

full-screen full motion video.

Transmission Control Protocol/Internet Protocol is the standard used for

transmitting data over the Internet.

A protocol that allows you to connect to a remote computer over the Internet,

The term used for a computer being used for work on a server computer.

A theme or concept that relates to a group of messages on a newsgroup or

BBS.

A program or connection closes after a certain amount of idle time, When this

happens, it is said to have “timed out”.

Ta Ta For Now. A shorthand appended to a message meaning good-bye.

Taken from Winnie the Pooh.

A faster and graphic version of the Internet menu browsing system known as

Gopher.

A commen operating system used on RISC-based computers, and a popular

operating for servers on the Internet.

To transfer a file from the local or client computer to the server or host

computer.
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Upstream

URL
Usenet

Userid
Username

Veronica

VRML

WAIS
WAN
Windows
WwWw
XMODEM

YMODEM
ZMODEM
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Usenet users who send news are upstream, they send the information down to
you.

Universal Resource Locator. The address or location of the resource.

A huge system of discussion groups, with over 10000 discussion arcas called
NIeWSgroups.

The account name you use when you log on to a server computer,
Synonymous with userid.

A Gopher-based search engine.

Virtyal Reality. A computer-generated environment that simulates a real or
fantasy world environment.

Virtual Reality Modeling Language. A programming language that creates a
virtual environment accessible from Web browsers.

Wide Area Information Servers. Search engine used to search for documents
over the Internet.

Wide Area Network. Any computer network that covers an area larger than a
single building or campus. _

A popular Graphical User Interface (GUI) that allows users to easily access
the resources of a personal computer.

World Wide Web is a global system of hypertext documents linked together
by the Internet.

A file-transfer protocol, similar to Kermit, YMODEM, and ZMODEM.

A file-transfer protocol, similar to Kermit, XMODEM, and ZMODEM.

The fastest file transfer-protocol, similar to Kermit, XMODEM, and
YMODEM. '
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