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Abstract:Anintelligentdesignsystemforcomplexmechanicalproductis
proposedbasedonknowledgeengineering.Itadoptedproductfamilycasetree
toconstructthemodelofcomplexmechanicalproductandcase-basedreasoning
technologytoreusesuccessfulproductdesignknowledge.Productdesign
systemwasconstructedonthebasisofengineeringdatabasetechnologyand
ActiveXtechnology,andtheintelligentcranedesignplatformwasrealizedby
VisualBasic.NETprogramming.Theapplicationexampledemonstratesthe
feasibilityoftheproposedapproach.
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0 Introduction

Inrecentyears,CADtechnologyhasbeen
rapidlyappliedto design and manufacturing
domain. However, the problem existing
generallyintheproductdesignsystemisthat
researcherspay much moreattentiontothe
capacityofgeometrytreatmentratherthanthe
capacityofknowledgetreatment[1].Tomeetthe

demands of engineering design, a new
engineering design method,knowledge-based
engineeringispresented,whichisanintelligent
system based on product model aiming to
capturing product and process information
through modeling to the engineering design

processes[2,3].

Inthispaper,thetheoriesandmethodsof
knowledge engineering are integrated into
complexmechanicalproductdesign.Ingeneral,

a multi-element and multi-size mechanical

structurecanbeviewedasacomplexproduct,

whichisincapabletobeanalyzedbymanualway
and the computer analysis technology is
necessary.Inthissystem,theexperiencesand
knowledge are formalized and saved in
knowledge base; case-based reasoning
mechanismisdesignedtomakedecisions.Based
onknowledgeengineering,adesignsystemof
craneisdevelopedtoaiddesignerstodevelop
crane.

1 Design model of complex
mechanicalproduct

Productfamilycasetreeisamodelwhich
canbeusedtopresentcomplexproduct[4].As
shownin Fig.1,itis expressed by the
hierarchy-decompositiontree.Inthiscasetree,

everynodeexpressedbyobjecthasacommon
structure,anditstandsforelementsofproducts
atalllevels,suchasproduct,sub-assembly,



componentandpart,etc..TheANDnodethat
canbedividediscalledacompositiontree.Its
childnodesareANDrelations.Fathernodeand
child nodes are combination (a-part-of)

relations;theORnodethatcanbeselectedis
calledanoptionaltree.ItschildnodesareOR
relations.Anyoneofthechildnodescanbe
substitutedbyanother,butonlyonenodecanbe
selected.Father node and child nodes are
optional(a-kind-of)relations.Moreover,ifone
optionalchildnodeneedstobedivided,itstill
canbere-dividedintosub-nodesfurtherasa
fathernodeofthelowercompositionnodes,as
showninthelowestlevelofFig.1.

Fig.1 Structuremodelofproductfamilycasetree

Theproductfamilycase modulecan be
realizedbyobject-orientedtechnology[5,6].Every
nodeisregardedasanobject,andacommon
element node classis defined to represent

product,sub-assembly,componentandpartin
differentlayers.Relativeelementfunctionclass,

elementstructureclass,elementparameterclass
and element knowledge rule class are also
definedandembeddedinthecommonelement
nodeclass.Everyspecificproductcaseisthe
instanceofthenodeclass.Fig.1showsthe
structureofknowledgepresentationbasedon
object-orientedtechnology.

2 Knowledgereasoningbasedoncase

CBRisatheoryandresearch methodin
artificialintelligencedomain[7,8].Itsmainspiritlies
insolvingnewproblemsusingtheproblem-solving
methodsofthepast.Nearestneighbortechnique
isthemethodusedmostwidelyinCBRdomain.
Nearest neighbor algorithms do work by
calculatingsimilaritydegreebetweenthetarget
caseandsourcecasesinthecase-library.This
measure may be multiplied by a weighting
factor.Then,thesumofthesimilaritiesofall
attributesiscalculatedtoprovideameasureof
thesimilarityofthatcaseinthelibrarytothe
targetcase.Thiscanberepresentedbythe
followingequation,and Tab.1showssome
commonfunctionsofsimilaritydegree.

similarity(T,S)=∑
n

i=1
wi·sim(Ti,Si)

WhereTisthetargetcase;Sisthesourcecase;

nisthenumberofattributesineachcase;iisan
individualattribute,i=1,…,n;andwiisthe
importanceweightingofattributei.

3 Constructionandrealizationof
theproductdesignsystem

AsshowninFig.2,itistheconstruction
strategy of the knowledge collaborative
managementsystem.Thetopofthesystemis
human-computerinterface,designerscansubmit

parametersandreadresultsfromtheinterface.
Knowledgebaseisthebottomofthesystem,

whichdescribescases,rules,anddataateach
levelofthefamilycasetree.Thecoreofthe
systemconstructionisreasoningmachine,asis
discussedabove,itis usedtoretrieveand
calculatethesimilaritydegreebetweenprimitive
designsandtargetcases,anddosomeother
reasoningforgeneratingthedesignproposals.
Finally,posttreatmentmodelisusedtoprint
BOMandcalculationsheetanddrawgraphics.
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Tab.1 Commonfunctionsofsimilaritydegree

No Object Functionofsimilaritydegree Remark

1 Numbers sim(x,y)=1-|x-y|
β-α

;x,y∈ [α,β] α,βarelimitsofx,y

2 Range sim(a,[b1,b2])=
∫

b2

b1
sim(a,x)dx

b2-b1

3 Numberandfuzzynumber sim(a,X)=∫
β

α
X(x)sim(a,x)dx

∫
β

α
X(x)dx

·max{X(x)} α,βarelimitsoffuzzynumberX(x)

4 Ranges sim([a1,a2],[b1,b2])=
∫

a2

a1∫
b2

b1
sim(x,y)dydx

(a2-a1)(b2-b1)

5 Rangeandfuzzynumber sim([a1,a2],X)=
∫

a2

a1∫
β

α
sim(x,y)dydx

(a2-a1)∫
β

α
X(x)dx

·max{X(x)}

6 Fuzzynumbers sim(Xa,Xb)=∫
β

α∫
β

α
Xa(x)Xb(x)sim(x,y)dydx

∫
β

α
Xa(x)dx∫

β

α
Xb(x)dx

Fig.2 Structuremodeofproductfamilycasetree

Thissystem adopts Windows XP Server
operatingsystem,MicrosoftVisualBasic.NET
developmenttool,SQL Server2003database
management system. Meanwhile, it also
integratestherelatedmodulesofofficeandSolid
works software by using the ADO.net
technologytoaccesstotheknowledgebaseand
ActiveXtechnologytodriveofficeandSolid
workstofinishposttreatment.

4 Applicationofthesystem

First, the designers type the main
parameterssubmittedbycustomerstothedesign
system.Afterthecalculationofsimilaritydegree
betweentargetdesignsandprimitivecases,the
systemprovidesamostsimilarcomponenttothe
designers.Next,thesystemretrievescasesthrough
the case database. After the calculation of

similaritydegreebetweentargetdesignsand
primitivecases,thesameorthesimilarcasesare
searchedandretrieved.Ifmatchingcasesare
found,thebestcasesareselectedandprovided
tothedesigners,andthen,designersfinish
detaildesigntoconformtothenewproduct's
specifications.Onthecontrary,ifnomatching
caseisfound,anentirelynewdesignismade
afterwards.Finally,afterfinishingthedesign,

some document should be printed and the
product'sstructureandperformanceshouldbe
assessed.Accordingtotheassessment,ifthe
designsatisfiesthedesignrequirements,the
designresultswillbestoredinthecaselibraryas
anewcase;otherwise,thesystemwillreturnto
thephaseofdetaildesignandstartaredesign
process.Fig.3showsaproductexamplebased
onthestructuremodeshowninFig.2.

Fig.3 Assemblycaseofbridgecranegirder
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5 Conclusions

Inthispaper,aknowledge-basedsystemfor
complexmechanicalproductdesignisbrought
forward. The construction strategy of the
systemisstudied.UsingCBRdrivenmethod,

takingtheproductfamilyandobject-oriented
technology as knowledge-based organization,

andadoptingengineeringdatabasetechnology
andActiveXtechnology,intelligentcranedesign

platformisdeveloped.Theplatformisverified
byapplicationcasesasfollows:itcanprovide
loweredcost,improved quality,andrapidly
developingproductapproachtodesigners.
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基于知识的复杂机械产品设计方法研究
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摘要:提出基于知识的复杂机械产品智能设计方法,采用产品族实例树实现了复杂机械产

品的知识建模,利用实例推理的方法实现了以往成功设计实例的知识重用.运用数据库技术

和ActiveX技术,建立机械产品智能设计系统的体系结构,并采用 VisualBasic.NET作为开

发工具,实现起重机智能设计平台软件的开发.应用实例表明所述方法是合理的和有效的.
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