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Ontology-based Semantic Assembly Modeling
for Collaborative Product Design
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ABSTRACT

In the collaborative product design environment, the communication between designers is important to capture design intents and to
share a common view among the different but semantically similar terms. The Semantic Web supports integrated and uniform access to
information sources and services as well as intelligent applications by the explicit representation of the semantics buried in ontology.
Ontologies provide a source of shared and precisely defined terms that can be used to describe web resources and improve their
accessibility to automated processes. Therefore, employing ontologies on assembly modeling makes assembly knowledge accurate and
machine interpretable, In this paper, we propose a framework of semantic assembly modeling using ontologies to share design information.
An assembly modeling ontology plays as a formal, explicit specification of a shared conceptualization of assembly design modeling. In this
paper, implicit assembly constraints are explicitly represented using OWL (Web Ontology Language) and SWRL (Semantic Web Rule
Language). The assembly ontology also captures design rationale including joint intent and spatial relationships.

Key Words : Ontology, Assembly, Collaborative Product Design, OWL, SWRL
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ol it edge of FFj (FF is Form Feature of Part

' (P}) and P} is a part of assembly (A;))

P R le, P3, P4 plate_a, plate_b, plate_c, plate_d

FFu block (length, width, height) = block (Li;, Wy,
Hy) = block (110, 40, 10)

FF21 block (L21, W21, Hz1) = block (110, 40, 10)

FFy block (Ls, Wa, Ha) = block (50, 40, 10)

FFy block (Ly, Wa, Ha) = block (20, 40, 10)

FFy hole (diameter, depth) = hole (DM, DTyz) = hole
(12.81, 10)

FFz hole (DMz, DTz) = hole (12.81, 10)

Assembly

+part +assemblylD : char

part : Part

1 +assembyFeature : AssemblyFeature

+assemblyFeature

Part

.

+partlD : char

AssemblyFeature

+formFeature : FormFeoture +Part
. +assyFeaturelD : char
+part ; Part

1 +matingFeture : MatingFeature 1

+formFeature 1 +jointFeature : JointFeature
. +matingBond : MatingBond
-matingFeature l+material : char +matingBond
0 +dof : char
l———— ' +impliedConstraint : char
1 FormFeature
+formFeaturelD : char
+geometicFeature : GeometricFeature +jointFeature 1 MatingBond
+geometricFeature +mating8ondID : char
+matingPair : MatingPair 1
H+matingCondition : MatingCondition
*
+ +matingCondition
. | .
J— N
JoIntFeature mafingPair
N +matingComponent MatingFeature +jointFeatureiD : char
+matingFeaturelD : char +joiningComponent :lg;gi';ycife‘fﬁggr, char
GeometricFeature M 1. |+spatiaRelationship : SpatialRelationship 1 movgesm . char
m TcFeatureld : ch ! |+matingComponent : FormFeature groc pe : char
geometricreaturelD : char [-——m—"— +matingEntity : GeometricFeature 1 +joiningComponent ; FormFeature
GENMTy <! 9+joiningEnmy : GeometricFeature
+matingEntity [+joiningConstraint ; char
* N +spoticiRelotionship 1 * +joiningEntity |
" -End1 *
MatingPair MatingCondition
+matingFeature +matingPalrD : char +matingCanditionID : char
. [+matingEntity : MatingFeature +spatialRel : SpatialRelationship
+interFeatureRrel : char +dof : char
1 +dimensionalConstraint : char +impliedConstraint : char
. SpatialRefationship

+spatialRellD : char

N

patialRelEntity : GeometricFeature

+spatialRelEntity +DOF : char

+spatiaiRel 1

(22! 1) ARM2| UML E3
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B =RdA 2yAY AL HES FHA LA
£ ‘belongTo’ BAS} 5 EIA Alololq dAsE ‘nt-
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e FormFeature(2x) A FormFeature(?y) A Part(2z)
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e fact ns_0:Factl27 is ns_2.assembly JoiningRelationship
(ns_2:FormFeature_21,ns_2: FormFeature_11);

e fact ns_0:Factl031 is ns_Z2:assembly JoiningRelationship
(ns_2:FormFeature_l1,ns_2: FormFeature_31);

e fact ns_0-Factl026 is ns_2:assembly JoiningRelationship
(ns_2.FormFeature_31,ns_2: FormFeature_11);

* fact ns_0:Factl030 is ns_Z:assembly JoiningRelationship
(ns_2:FormFeature_41,ns_2: FormFeature_21);

e fact ns_0-Factl028 is ns_2:assembly JoiningRelationship
(ns_2:FormFeature_21,ns_2: FormFeature_41);

A F8 AN FHE AL g9 A ApdE]

‘assembly/joining’ BAZ NEFA FEHT}

* assembly JoiningRelationship

(FormFeature_l1, FormFeature_21)

« assembly JoiningRelationship

(FormFeature_31, FormFeature_I1)
« assembly JoiningRelationship
(FormFeature_21, FormFeature_41)

43 752 ol8% KR xE
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* MatingFeature(2x) N FormFeature(2y) N Part(2z)
A belongTo(2y, 2z) A hasMatingComponent(2x, 2y)
A hasSpatial Relationship(ex, against) AhasContactShape
(2x, Plane_Z) A ReferenceDirection(?x, Z-Direction)
— hasDOF(2z, Plan_7)

* MatingFeature(?x) A FormFeature(?y) / Part(2z)
A belongTo(?y, 2z) N hasMatingComponent(2x, 2y)
A hasSpatialRelationship(2x, Against) A hasContactShape
(2x, Plane_Z) A ReferenceDirection(?x, Z-Direction)
— hasOunDOF(2z, Rot 7)

Ao FHAE2HE FE AWE T AR A=
AHHE9] A+ dgT 2.
* fact ns_0-Factl51387 is ns_3hasDOF

U ME HAE 2T RERX| 718t AlHE! ZBIM 2E 145
(ns_3:Part_12ns_3:Plan_Z);

« fact ns_0:Factl51429 is ns_3-hasOwnDOF
(ns_3:Part_l4,ns_3Rot_Z);

* fact ns_0:Factl51385 is ns_3:hasDOF
(ns_3:Part_I3ns_3:Plan_7);

e fact ns_0'Fact151430 is ns_3:-hasOuwnDOF
(ns_3:Part_I2 ns_3:Rot_Z);

e fact ns_0:Factl51386 is ns_3:hasDOF
(ns_3:Part_l4,ns_3:Plan_Z);

* fact ns_0:Factl51428 is ns_3:hasOuwnDOF
(ns_3:Part_13,ns_3:Rot_Z);

¥ 9E7} x32 e 59 H44
o A 99 AREE ZEe 3 Fx
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FEE UE3} 2L SWRL Ho&

* MatingFeature(?x) N FormFeature(2y) A Part(2z)
A belongTo(8y, 22) N hasMatingComponent(2x, 2y) A
hasSpatialRelationship(2x, Aligned) A A hasContactShape
(2x, Collinear) N ReferenceDirection(2x, X-Direction)
— hasDOF(2z, A Lin_X)

* MatingFeature(2x) N FormFeature(2y) A Part(2z)
A belongTo(?y, 22) A hasMatingComponent(2x, 2y)
A hasSpatialRelationship(ex, Aligned) A hasCortactShape
(2x, Colinear) N ReferenceDirection(2x, X-Direction)
—  hasOwnDOF(2z, Rot_X)

B2 AGESY F HY AJHEE Zhe EE 7 A4
AFEg Zeth olg AT SWRL 732 vS 2ok

* Part(2x) A hasDOF(2x, Rot_Z) A hasDOF(3x,
LinX) A  hasDOF(2x, Lin_Y) A  hasDOF
(2x,Fixed_in) — hasDesignedDOF(2x, Fixed_in)

A el o8 AF= 73 F YTk 92 B
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» JointFeature(?y) A FormFeature(2z) N Part(2b) A
is JoiningMethod(2y, Welding) A has JoiningComponents
(2y, 22) A belongTo(2z, 2b) — hasJoininglnferredDOF
(2b, fixed_In) ,

o JointFeature(?y) A FormFeature(2z) N Part(?bh) A
is JoiningMethod(?y, Riveting) A hasJoiningComponents
(2y, 2z) A belongTo(%z, 2b) A RivetingCondition(?c)
A has JoiningConstraint(2y, 2c) A NumberOfRivet
(3¢, 2d) A swrib:.greaterThanOrEqual(?d, 2) —
has JoiningInferredDOF(2b, fixed_In)
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