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Healing of CAD Model Errors Using Design History

Yang, J. S.* and Han, S. H.**

ABSTRACT

For CAD data users, few things are us frustrating as receiving CAD data that is unusable due to
poor data quality. Users wasic time trying to get betler data, fixing the data, or even rebuilding the
data [rom scratch from paper drawings or other sources. Most related works and commercial tools
handle the boundary representation (B-Rep) shape of CAD modcls. However, we propose a design
history?based approach for healing CAD model errors. Becanse the design history, which covers the
features, the history tree, the parametenization data and constraints, reflects the design intent, CAD
maodel errors can be healed by an interdependency analysis of the feature commands or of the para-
metric data of each fcature command, and by the reconstruction of these fealure commands through
the rule-based reasoning of an cxpert system. Unlike other B Rep correction methods, our method
automatically heals parametric feature models without translaing them to a B-Rep shape, and it atso

preserves engineering information.

Key words : Boundary representation, CAD model, Design inlent, Feature, Healing, Interoperability
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Table 1. Comparison of seven commercial applications

Application Vender Kernel # oferrpr Feature
lypes
) TranscenData Proprietary -Error checking tool
CADIQ v34 (US} kemel, Parasolid 19 -Applicable to surface and solid modes.
TeanscenData Proprietary -Error repaiting tool for the downstrcam application.
CADFix v6.0 iLJQ) kemecl, 9 -A user can interactively repair and manipwlate CAD
' Parasolid model using various options.
' . -Crror checking tool.
GOOT:TYQA Pr;:‘ls gﬁm ACIS 46 -Provide the capabilitics to automatically check, and
’ . the faster geometry computation process.
Theorem {UK) Proprietary -Eror repairing tool.
CADHealce kemel 12 -Applicable 1o surtuce, solid, and wireframe models
e TransCAL -Plug-in for CATIA V4 system and use its intemal
Q-Checker v1.9 (Germany) CATIA kemnel 19 data structure.,
. Elysium . -Error checking tool.
CADDoctor (Japan) Fais0k 18| Have the advantage of repaiting a surfacc modcl
-Error repairing tool.
spGate Armonicos Proprictary 4% -Using InterOp translators of Dassault Systemes.
P (Japan) kemel -Support the requirements of a quality standard such
as SASIG JAMA, and VDA,
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Face 3

S
.
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Face 5. Tiny face

Face 2

Face 3

O : end point of a edge

Fig. 1. Repair of a tiny face by adjusting topological elements.
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- <xs:element name="Pad">
- <xsicomplexType
- €x5i5equence>
~ <xs:element name="profile_curves*
maxQccurs="unbounded*>
- <xs:complexType>
<xs: attribute name="profile_name" type="xs:string"
use="required" />
<xs: attribute name="parent_name" type="us:string"
use="required"’ />
</xs:complexType>
</xsielement>
<xs:glement name="first_limit_type" type="end_type* />
<xs:element name="first_length’ type="xs:double* />
<xs:element name="second_limit_type" type="end_type" />
<xs:element name="second_length* type="xs:double" />
<#s:element name="refergnce_plane” type="xs:steing" />
<xs:element name="own_direction" type="direction”
minQceurs="0* />
</rs:sequences
¢xs: attribute name="result_solid" type="xs:string"
use="raquired” />
</xs:complexType>
</xs. element>

Fig. 4. XML schema detinition of the Pad feature command.
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<?xml| version="1,0" encoding="UTF-8" 7>
- <HistorySchema
xmins: xsi="http:/ /wvew.w3.0org/2001/XMLSchema-
instance” xsi:schematocation="D:\HistorySchema.xsd">
- «Body body_name="PartBody">
- <Pad result_solid="Pad.1">
<profile_curves profile_name="Sketch.1"
parent_name="PartBody" />
<first_limit_type>Dimension</first_limit_type>
<first_length>30.000</first_langth:>
<second_limit_typs>Dimension</second_limit_type>
<second_length>5.000</second_length>
<reference_ptane>xy plane</reference_planex
</Pad>
- <Fillet result_salid="Flllet.1">
<targets»Edges</targets>
<fillet_type>Constant</fillet_type>
<radius>2.000</radius>
<propagation_type>Tangency</propagation_typs:>
<target_edges target_name="Edge.5"
parent_name="Pad.1" />
</Fillet>
</Body>
</HistorySchema>

Fig. 5. Example of the design history file extracted from a
CAD model.
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- <Body body_name="OpenBady.1">
+ <Plane name="Plane.1*»
</Body>
- <Body body_name="PanBody">

4+ <Pad result_solid="Pad.1*>

+ <Shell result_solid="8hell.1>

- <Oraft result_sohd="0raft.1">
«draft_type>reflection</draft_type>
<angle>2.000</angle>
<nb_faces>1</nb_faces>
cneutral_element this_name="Face.5* parent_name="Shell,. 1" />
<pulbng_direction this_name="Face.2"

parent_name="OpenBody.1" />
<forafty

- <Pad result_solid="Pad.2">
<profile_curves profile_name="Sketch.2" parent_nama="PartBody* />
<first_limit_type>Dimension</first_lmit_type>
<first_length>2.000</first_tength>
<second_limit_typa>Dimension</secand_hmit_type>
<second_length>0.800</second_length>
<reference_plane>Plane. 1</reference _plane>

<Mad>
</Body>

Fig. 7. Example of the narrow space in the design history.
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<Body body_namg="Body.1">

v . Al
¢+ <Pad result_salid="Pad.3*> oA
i+ <Pattem result_solid="CircPattern.1™> H
| </Body> 3
¥ <Body oy (: Y

Bedy. 3> . v

o

Body.d">

<second_lwt_angle>0.000000</5acond_limit_angle> H
<peofile_name name="8ketch. 19" supar_type="Body.4" />
<a«i5 name="Curva.l” supar_typa="Body.4" />
</Shafr>

|+ <Pad result_sehd="Pad.1">

1 - <Pad resdt_sohd="Pad.2">

H cprofile_curves profila_nama="Sketch.2"
' parant_name="Clutchdisk" />

' <first_limit_typa>Dimension</first_mit_lype:
' <first_{angth> 10.000</tirst _length:
\ <second_limit_type>Démensionc/second_limit_types
H <sacond_length»0.000</second_length>
H creforence_plane»xy plane</refarence_plano>
H </Pad>

1 = <Boolsan_Op result_solid="Remuve.3">

N <boolean_type>Remavea</baolean_type>
H <second_operand>Body.1</second_operang>
E </Boolean_Op>

+ <Shoaft result_sald="Shaft.1">

+ «<Pad rasuit_sold="Pad.1>

+ «Shaft rgsult _solid="8haft .2">

+ <Hole result_solid="Hole. 17>

+ <Hagla result_sohd="Hola.2">

+ <Pocket result_solid="Pocket.1">

+ <Pocket result_solid="Pocket. 2>

- <Boolgan_0Op result_sokd="Remove.1">
<boalaan_type=Remove</boolean_types
<second_operand>Body d</second_operand:>

</Boolean_0Qp>

+ <Bonl_Op result_sokd="Remove.2">

+ <Fillet rasuit_sohd="Fillet .1">

</Budy>

7
- <Shaft result_sold="Shaft.a"> \ 1 - <Shaft resutt_solid="Shaft.a*>
«fiest_lamt_ angle>360.00000D</first_limit_angle> H s <first_limit_angle>9D.00xDDO</first_hrit_angle>

- <Body body_name="Body.1">
+ <Pad result_solid="Pod.3">
+ <Pattern result_sohd="CircPattern.1*>
</Bady >

+ <Body bady_nane="8ody.2">

T eBody body_name="8ady.4">

'\ b, <second_limit_angle>90.000000</second_limil_angle>
e <profile_name name="Bkatch. 10" super_type="Body.4" />
<axis name="Curve.1" super_type="Body .4" />
</Shaft>
- <Shaft result_solid="Shoft.7">
<first_limit_angle>270.000000</Tirst_limit_angle>
<sgcond_hmit_angle-9ID.DD00AG</second_limit_angle>
<profile_name name="Sketch.10" supar_type="Rody 4" />|
<axis name="Curve.12* supar_type="ReferenceElems* />
</Shaft>
/80dy>
<fiody bo
+ <Pad result_sohd="Pad. H
- <Boolean_Op sesult_sokd="Remove.3*> 4
* <boolean_typa>Raemovac/hoolean_types :
<second_operand>Beody. L</second_pperand: H
</Bodlean_0p> '
- <Pad rasult_sold="Pod.2"> H
<profile_curves profile_name="Sketch.2" H
:
1
1
i
i
i
|
1
i
i
’
H

v
'
'
|
1
1
1
'
'
'
'
'
'
'
v
'
'

parent_name="Clutchdisk" />
«first_limit_typesDimansion</first_linut_types
<first_length=-10.000</first_length>
<secantd_limit_type>Dimension</secand_limit_typa>
<second_length>0.aBD</second_langth>
<reference_plane>ry plane</reference_planes
</Pad>

- vBady boty _name="Crankshaft*>
<haft result_sokd="Shaft.1">

<Pad rasult_sold="Pad.1">

<Shaft result_salid="Shaft.2">
<Hola result_sohd="Hole.1'>

<Hole result_sohd="Hole.2">
<Pockat resull_sofid="Pocket.1">
<Pockat result_salid="Pocket .?">
<Bpolean_Op result_spolid="Remove.1">
<Bool_op result sohd="Remnove.2">
<Fillat result_sold="Fillet.1">
</Body>

-+

L A R

ig. 13. Example of healing a crankshaft model.
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