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Vehicle Engineering Goal

e To design a vehicle

m T0o specifications
e Marketing
e Competitive benchmarking
e Regulations
e Standards

mOn time
e Shortened time to market

= \Within budget
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Emerging Engineering Process: Catia V5

e Use of Catia V5 features
mParameterized connected templates
m Embedded checks and validations
m Templates’ reuse

e \With the ‘right’ usage strategy
parameterized templates speed-
up and simplify engineering
process

e CV5 templates allow integration
of best practices into design
process
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Emerging Engineering Process Problems

e Digital Vehicle consists of thousands of
“smart” templates and millions of
associated parameters

e Relations and dependencies among
templates are complex

e Complexity of management CV5
templates within design process is not
100% covered with PDM systems

e The question that we want to address Is

ON DO WE MANAGE TIMI’H\TES

Product Development
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ﬁ: Inputs_Exhaust_System({Inputs_Exhaust_System.1) Des I g n O bJ eCtS

-D,’.E‘ Inputs_Exhaust_Systermn
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""353,‘ Processor_Exhaust_System{Processor_Exhaust_System.1)

<M TOP_Y_PIPE(TOP_Y_PIPE.1)

j,:? Top_ExhaustResonator{Top_ExhaustResonator.1)

fr;‘l Inputs_ExhaustResonator{Inputs_ExhaustResonator.1)

’%‘ Processor_ExhaustResonator{Processor_ExhaustResonator

TOP_Y_PIPE

;3;‘1 Outputs_ExhaustResonator{Outputs_ExhaustResonator.1)
. | Top_ExhaustTailPipe({Top_ExhaustTailPipe.1}
'f'f;‘l Inputs_ExhaustTailPipe{lnputs_ExhaustTailPipe.1}
’%‘ Processor_ExhaustTailPipe{Processor_ExhaustTailPipe.1)
fr;‘l Outputs_ExhaustTailPipe{Outputs_Exh

_ TOP_ExhaustResonator
Lfﬁ? Top_ExhaustCatalytic Converter{Top_ExhaustCatalyticConverter -

fr;‘l Inputs_Exhau stCataIyti[:Cnnerter(lnputs ExhaustCatalyticCi
’Fﬁ;;‘ Processor_Exhau .

f;‘l Outputs_ExhaustCatal

& KnowledgeTemplates
n Top_ExhaustFlexJoint_Z2Bolt{Top_ExhaustFlexJ
;3;‘1 Input_ExhaustFlexJoint_2Bolt{lnput_ExhaustFlexJoint_2Bolt.
"L-‘!r‘,p’g‘ Processor_ExhaustFlexJoint_2Bolt{Processor_ExhaustFlexJ
ﬁﬁ 0utput_ExhaustFIexJ:int_2Bc|It(Output:ExhaustFIexJoint_ZEmn. 1)

& KnowledgeTemplates

""%‘ Top_ExhaustMuffler{Top_ExhaustMuffler.1)
ﬁﬁ‘ Top_Exhaust_Pipe_Routing{To p\_Exhau st_Pipe_Routing.1}
’%‘ Top_Exhaust_Oxygen_Sensor(To piExhau st_Oxygen_Sensor.1)
’%‘ TOP_EXHAUST_SYSTEM_CALCULATIONS{TOP_EXHAUST_SYSTEM_CALCULATIONS.1)

""ﬁa Outputs_Exhaust_System{Outputs_Exhaust_System.1)
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A Top_ExhaustTailPipe(Top_ExhaustTailPipe.1) : : : :
Design Object with Attributes

%!.‘_._ Inputs_ExhaustT ailPipe(lnputs_ExhaustT ailPipe

1 Inputs_ExhaustT ailPipe
= xy plane

= yz plane

= 7 plane

=i External Parameters Top_ExhaustTailPipe
£ Exhaust_Pipe_WallThickness (.I..!..linj ATTR:

- ExhaustMutfler_PackagingAngle (..!.!T 2T [l WAL et = LS i

P

= ExhaustMuifler_Length (..! 1Top Exhz GeOmA.t.t.r.:

f5]. Exhaust_Resonator_Shell Exhaust_Resonator A _Exit_Plane = (x, y, z) (x1, y1, z1)

[ Incremental

:"jE Exhaust_MufflerA_Outlet IREEeEIElE

Filker Marme ;

% PartBody Fiter Type : [41

Double click on a pa
Parameter
ﬂ__:l . ‘Inputs_E shaustT ai
i GeomEtncal S et “Inputs_E xhaustT ailFipesERTEmal arametershE shausl_Cipe_Walll .., 1.amm
- “Inputs_E shaustT ailPipe’E stermal ParametershE shausthduffler Packa .. Odeq
H 7 . “Inputz_ExhaustT ailPipe\Extermal ParametershE shausthdufflier_Length™  500mm
P Ubllcatlons “Inputs_E xhaustT ailPipe’E stemal ParametershE shaust_Rezonator 5. 505.612mm
“Inputz_ExhaustT ailPipet\Extermal ParametershE shaust_bufflend_Outl...  E3.5mm

B’ External References

Exhaust_Pip
Edit name or value of the current parameter
EXhaUSt_Pipe_Wa"Thl':knes < |Inputs_E shaustT ailPipehE sternal ParametershExhaust_Pipe_DuterDiameter .@

Exhauzt_P

ExhaustMuffler Packaygiig~i

Mevs Parameter of wpe || Feal j With |Single Wallie j Add F
EXhaUStM Uffler_Leng [ elete Parameter I Delete

@ ok | @ appk | &

q—
Exhaust_Re§onator_SheIILE —

Exhaust_Reéonator_A_Exit_PIane
.
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Design Object with Attributes

Top_ExhaustTailPipe
ATTR:

Exhaust_Pipe_WallThickness = 1.8 mm <

GeomAittr:
Exhaust_Resonator_A_Exit Plane = (X, y, z) (x1, y1, z1)

Design Object with Attributes

Top_ExhaustTailJoint_2Bolt

ATTR: <
Exhaust_Pipe_WallThickness = 1.8 mm

GeomAittr:
Exhaust_Resonator_A_Exit Plane = (X, y, z) (x1, y1, z1)

[
(
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OP_ExhaustSystem

TOP_Exhaust_Pipe_Routing

TOP_Y_PIPE

TOP_ExhaustCatalyticConverter

TOP_EXHAUST_SYSTEM_CALCULATIONS

TOP_ExhaustTailPipe

TOP_ExhaustMuffler

L

TOP_ExhaustResonator

TOP_ExhaustFlexJoint_2Bolt

TOP_Exhaust_Oxigen_Sensor
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Implicit dependencies through the engineering process

e

R

_

DaimlerChrysler Cor



DAIMLERCHRYSLER

RRRRRRRRRRRRR

Problem Statement

e The example had 10 templates and
more than 4200 parameters (~150
‘user parameters’)

e Thousands of templates and millions
of parameters create a maintenance
challenge

e Updating templates and distributing
the latest versions making sure that
all associated templates still work will
be a full-time job

e |t is necessary to develop a tool that
would assist template creators and
support personnel in managing
templates
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Ontology as a Solution

e An ontology can serve as a layer
that represents the knowledge
about the templates and their
Interconnections

e Additional development should be
done to ensure the transparent
Interfaces with Catia V5, PDM
systems and ontologies

1.
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Why Ontologies?

e Ontologies can represent multiple
type of relations among objects

e Ontologies can be integrated with
CV5

e Ontologies can be managed
outside of CV5

e Ontologies can be automatically
processed to find dependencies
and detect conflict between
objects

1

Product Development

ifecvcle Manaaoement Qalrg!erc_hryg_ler Cor



CHRYSLER GROUP

DAIMLERCHRYSLER ()

Critical Success Factors

e Ability to automatically transfer Catia
templates into ontology

e Ability to visually represent relations
among templates

e Ability to visually represent cause-
effect chain of change in a template
on other templates

e Stretch goals:

m Ability to represent rules and formulae on
relations among templates and parameters

m Ability to automatically update templates
where such rules or formulae are stated
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Template Ontology Building: From the Source

e Start from already developed

Catia V5 templates 2
e Map the templates to knowledge
model

e Allow managing templates
outside of CV5 Environment

e Provide mechanism to

synchronize ontology to :
CatProducts il
e CatProducts are the ‘masters of |JRitrEEtuse i
Information’ e e MALEARAR |

() Ding ¥ Likarce - Irbos - | [B Microsch Fncel - 2005 1. | M

| T = | e

1«
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M ffop_vehicle
L#,ﬁTop_\fehicle_Skeleton {Fartl. 1)

. #,;‘ Exhaust_Manifold Template 12-06-04 (Exhaust Manifold . Template 12-06-04. 1) Y
. l@‘,',‘T'DF’_EIS{HAUS‘I’_SYSTEM (TOF _EXHALIST SYSTEM, 1)

: | W
=T Relations

Corstraints
I—Applicaﬁons
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. #,;‘ Exhaust_Manifold Template 12-06-04 (Exhaust Manifold . Template 12-06-04. 1) Y
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Classes |(T5]Site |/ TiFarms |/ 2 Wnstanees |

ionship ‘ Superclass

AT

@ R:'2780_data\TemplateManagementWSAssemblies'Exhaust_ System\Geometry_Oxygen_Sens... E

1|

ssotep

Br

ement

anentindex

=trichadel

g

=111

zationStructure

YER

t

10hject

s_and_FProducts

'Productl CATProduct 0_FfcO_42790cd6f 26
'EivEaAssemblies Top_Vehicle. CATProduct
'RAZTE0_data'TermnplateManagementivasssembliesiExhaust
'RAZTR0_dataltTemplateManagementivasssemblies\Exhaust_
'RAZTE0_datatTemplateManagementvasssemblies\Exhaust___
'RAZTR0_datatTemplateManagementivasssemblies\Exhaust__
'RAZTED dataITempIateManagemenWﬁAssembllelexhaust

0_74_41b9

)R‘LETED dataITempIateManagemenﬂVSAssembllelexhaust
'RAZTE0_datatTemplateManagementvasssemblies\Exhaust___
'RAZTR0_datatTemplateManagementivasssemblies\Exhaust_

'RAZTR0_dataiTemplateManagementivaaAssemblies\Exhaust_ SvstermiGeometry ExhaustCatalticConwve

'RAZTA0_datatTemplateManagementivaassemblies\Exhaust_
'RAZTR0_dataltTemplateManagementivasssemblies\Exhaust_
'RAZTE0_datatTemplateManagementvasssemblies\Exhaust___
' RAZTR0_datatTemplateManagementivaassemblies\Exhaust
'RAZTE0_datatTemplateManagementivaaAssemblies\Exhaust_
'RAZTE0_datatTemplateManagementivaassemblies\Exhaust_
| RAZTR0_dataltTemplateManagementvssssemblies\Exhaust
'RAZTE0_datatTemplateManagementvasssemblies\Exhaust
'RAZTR0_datatTemplateManagementivasssemblies\Exhaust_
'RAZTE0_datatTemplateManagementivaaAssemblies\Exhaust_
'RAZTE0_data'TermnplateManagementivasssembliesiExhaust
'RAZTR0_dataltTemplateManagementivasssemblies\Exhaust_

L SystermTOP_EXHAUST_SYSTEM.CATP

_ SystermTop_Exhaust_System_Pipe_Routi

- Systerm\Geametry_Exhaust_System_Pipe
. Systerniinputs_Exhaust_System_Pipe_Ro

' BystermProcessor_ExhaustResonator CAT

defd_26

SystermOutputs_Exhaust_System. CATPar
Systerm\Processor_Exhaust_Systermn. CATH
SystermTop_Exhaust_Owygen_Sensors_P
SystermoOutputs_Ceygen_Sensars_Placen
IFTOCE — IE]
SystemIGenmetw_Oxygen Sensors_ Flacs

¥

L o

SystermTop_ExhaustC ataly’tlchnuener Cﬁ
SystermOutputs_ExhaustCataldicConverte
SystermProcessor_ExhaustCatalticConwe

SystermGeametry ExhaustCatalhticConve
Systerminputs_ExhaustCatahticConverter.
Systerminputs_Exhaust_Systern CATPart_|
SystermOutputs_Exhaust_Systermn_Pipe_ R
SystermProcessaor_Exhaust_System_Pipe
SystermTop_ExhaustResonator. CATProdu
SystermOutputs_ExhaustResanator. CATP

SystermGeometry_Exhaust_Resonator_B.

'RAZTR0_datatTemplateManagementivasssemblies\Exhaust

SvstemIGenmetry_Exhaust Resonator_A.

rclasses

irts_and_Products

Hame Documentation
|gen_Sensnrs_F‘Iacement.CﬂTF‘ar’[ 0_Tag_41

Role

Concrete -

Relation Tree
@ [S] -Designobject ha

5|gnF‘arameter {:DesignParameter)

- Copy_ (2 of  Exhaust Pipe_Routing_Section_Guide_Spline

- of . Copy_ (3 of  Exhaust Pipe_Routing_Section_Guide_Spline

@ Result___of__ Copy_ (4 of__ Exhaust_Pipe_Routing_Section_Guide_Spline
[CiResult___of _ Copy_ %) of  Exhaust_Pipe_Routing_Section_Guide_Spline 0
Result_of_Exhaust_CataIvst_S|deA_02_Sensnr_MDuntmg_F'Iane 0_Ta8_413323c
p . 0f Exhaust Catalyst_Sidef Coygen_Sensor_Center_Point 0_Ta8_4133

 Exhaust Catalyst_SideB_C2 Sensar_Center_Paint
Exhaust_Catalyst_SideB_C02_Sensar_hMounting_Plane
IE| D95|gn0hjecthas i) igpFarameter { :DesignParametan

@.has next [ DesignObject)

@ has previous (Design2hject)
@ RAZTa0_datatTemplateManagementvadssembliesiExhaust Systerminputs_Exhaust Oxygen
iE I
Attribute(s) v vl ol 01 G RN
Mame | Twpe | Cardinality | Other Facets
: Ei:has previous‘” Instance multiple classes={:DesignSequence_Rr_17:
i Ei:DesignObjecthas input DesignF.. Instance multiple classes={:InputParametars_MNr_1Ir

Show the all the CATParts in the
CATProduct and the input

parameters in the selected CATPart
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EEEE] \AIIRI
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Classes | [S[[|Slots | (7] Forms

iunship‘Superclass - | ‘\.l"” iz || ﬁ‘" > :
[ETRAZTB0_data'TemplateManagementiVvaAssembliesiExhaust_ ManifoldiExhaust_Manifold_Template_Jaj:
@R:IE?BD_dataITemplateManagement\VSAssemhIielexhaust_Manifu:uld‘LExhaust_Manlntd_Template__
@R':IEF’SD_dataITempIateManagemenﬂVSAssembIielexhaust_Manifnld‘LExhaust_Manintd_Template_
@R:IQ?ED_dataITemplateManagemenﬂVSAssembIiesITDp_VehicIe_SkeIemn.CATF'art 0_74_41

zignFarameter

) Parameters

@R'esult_u:uf_Exhaust_Catalyst_SideA_O2_Sensnr_MDunting_F'Iane 0_¥a8_41333cy1_49d
@Result of  Exhaust Catalyst_Sides Owygen_Sensar_Center_Faint 0_Fad_41333c71_49
@Result of __ Exhaust_Catalyst_SideB_02_Sensor_Center_Paint, 0_TaB_41333c71_5dE4a
@R‘esult_nf_Exhaust Catalyst_SideBE_02_Sensor_Mounting_Plane 0_Tal8_41333c71_49
(C)Re i i L e e ]

psilt aof Copy (3 of E}{haust . Fipe_| Rnutmg Bectlnn Guide_Spline 0 _7asd

T =TT B ) w2 23 s 7 e s e e T IITNTS T/ AT _
@Result_nf_CDpy_(S)_ _ExhauSt_P|pe_Rnutlng_SectiDn_Guide_Spline 0_ 7=

@E}:haust_Catalyst_Sider_Oz_Sensor_Muuming_F'lane
@ Exhaust Catalyst SideA_Owxygen_Sensor_Center_Point
@ Exhaust_Catalst SideB_02_Sensor_Center_Point
@Exhaust Catalyst SideB_02_Sensor_Mounting_FPlane

0_7EG_Jede393e_3730
0_7E2_Jede393s_3128
0_7BS_3ede393s_3138
0_TES_3ade3dle_3f38

@Cnpy (2 of  Exhaust_Pipe_Routing_Section_Guide_Spline 0_Th8_412cd347_f5a49
@Cnpy (3 of Exhaust Pipe_Routing_Section_Guide_Spling 0_Th8_412cd347_f5a9
@Cnpy 4y of Exhaust Pipe Routing_Section_Guide_Spline 0_7Fh8_412cd347_foagq
@Cnpy _ of  Exhaust Pipe_Routing_Section_Guide_Spline 0_TFhe_412cd347_faa49

@ Exhaust_Catalyst_SldeE!_OE_Sensnr_Mnuntmg_F'Iane 0_TEE_3ede3d920_3f00
@ Exhaust_Catalyst_SideB_02_Sensor_Center_Point 0_7E8_3ede3920_3100

@ Exhaust_CatalstB_Exit_Center_Point 0_TES_Jede3qz0_2f00

@ Exhaust_CatalstB_Exit Flane 0_VER_3ede3dz0_3fM0

@ Exhaust_CatalstB_Inlet_ Center_Paint 0_TFHEE_Jede39z0_3fo0

@ Exhaust_CatalystB_Entrance_Flane 0_FE8_3ede3920_3100

@ Exhaust_Catahsta_Exit_Plane 0_TES_3Jede3910_ecd

@ Exhaust_Catahsta_Exit_CenterPoint 0_TES_3Jede3910_3Jecd

@ Exhaust_Catalsts_Entrance_Plane 0_FHEE_3Jede3q10_3ecd

@ Exhaust_Catalsts_Entrance_Center_Paoint 0_THRE_Zede3910_3ech

@ Exhaust_Catalyst_SideA_Owygen_Sensor_Center_Paint 0_768_3ede3910_3ecd
@ Exhaust_Catahst SideA_02_Sensor_Mounting_Plane 0_TES_Zede3910_Jecd
@Vehicle_CDDrdinate_Origin 0_TES_3ede38T6_3Jebd
@ Exhaust_Systerm_SideB_Catalyst_FrontofSubstrate

@ Exhaust_Systerm_Sided Catalyst_FrontofSubstrate

@ Exhaust_System_SideA_Catalyst_FrontofSubstrate

@ Exhaust_Swysterm_SideB_Catalyst_FrontofSubstrate
@Vehicle_Coordinate_Origin

0_7EE_3ede3d76_3e64
0_7HE8_3ede3d7¥6_3e64
0_654_40h368cE_1251c
0_F54_40b363c6_1251¢

0_B54_40h368c6_1251¢ e

rclasses

irameters

@ Result_ of  Copy  (3)_ of  Exhaust_Pipe_ Routing_Section_Guide_Spline 0_7a.. |E
; Hame Documentation
|tinn_Guide_SpIine 0_7aB_41333c71_9daq
:{ Role
|Cuncrete o
Relation Tree vl aelcl
T e S B L, RSO B R

b BTSSR
%R'IE?SD datalTemplateManagementvaissembliesiBExhaust
@:DesignF’arameterl OO C ST T e o T, S T T L 2 L)
@ smapped from (:DesignParameter)
@ ‘mapsto {DesignParameter)

_SystemlGenmetr\,r_Oﬂgen pE1=T4L

B

Attribute(s) S -
Name | Type | Cardinality | Other Facets

SliDesignPararmeter is input for De...Instance multiple classes={InputParameters_kr_G}

Show the specific parameter
Contained in the selected CATPart
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Visualization: Next Design Object

EMvsassembliesiExhaust_ SystermiOutputs_Exhausthufier. CATPart 0_3e0_3fh12ha3_45f3

EWsAzsemblies\Exhaust_ SystermiGeometry_Exhausthufler_B.CATPart 0_B30_408f7a3_d4dc04

EMahssembliesiExhaust_ SystermiGeometrny_Exhausthufier A CATPart 0_3e0_3fh12bE8Y9_45c1
Y
EnaAssembliesiExhaust_ Systermiinputs_Exhaustmufler CATPar 0_3el_3th12b53_446h0

v

EMvaassemblies\Exhaust_ Systemilnputs_Exhaust_Svystem . CATPar 0_B54 40h368cE_1251c

2.
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Visualization: Has Input Parameter

| Exhaust_Muffler_A_TailPipe_Mounting_Plane 0_3e0_3fh12b89_445c1 |
e

| Exhaust_wutfler_A Entrance_Center_Point 0_3el_3fh12b29_44c1 |
- T

; | Exhaust_Mufer_A_Entrance_Mounting_Plane 0_Zel_3b12639_45c1 \
e —

| Exhaust_Muffler_A_Exit_Center_Point 0_3e0_3fb12bBA_45c1 |
- —

| Exhaust_Muffler_a_Rotation_axis_For_TailPipe 0_3e0_3fb12bBY_45¢1 |
= —p

L

EMvafszembliesiExhaust SystermOutputs_Exhausttufler CATFar 0_3el_3fbi12bal_45f3 l—)«| Yehicle_Coordinate_Origin 0_3el_3fh12b53_456h |

-

— e ——
|Eghaugt_gystem_aideE_Mufﬂer_EntranCEF'Dint 0_3e0_3M12h53_456h ‘
“ ""|'E-m_ayst_r-nufﬂerE_Entrance_Cemer 0_G30_408f7a3_4c04 |

|Exhéﬂ"st;r;ﬂg_fﬂerEl_Entrann:e_F'lane 0_G30_408ffra3_4c0d |

| Exhaust_MuflerB_Exit_Point 0_630_408A7a3_4c04 |

| Exhaust_MufflerE_Exit_Flane 0_630_408M7a3_dc04 | ‘
sler Cor
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Ontology in Catia V5

EE 1 Top E shaustPesonator, CAT Praduc
| Top EshaustCatalyticConverter. CAT Produc
| Top EshaustFlesloint 2Bl CATProduc

'-*1
S Geomety Eshaustiuffler & CATPa
ﬁ
|
% 1Tap Exhaust System Pipe Routing CATProduc
| Top Evhaust Oxvgen Sersors Placement CAT Produc

¥ | Dutputs Exhaust Svstem.CATPar EF | Outputs Exhaust System Caloulations. CAT Par

2.
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Business Goals

e Develop business process of “how
templates to be managed”

e Develop a methodology that supports
business process

2
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R S L

“—-ﬂ-—"glﬁla

= o 5 o

Business Process (templates update)

tia V5

smplate development

OntoWorks, Catia V5

Model API

Automatically

»

Modify dependent
templates if needed

v

Check dependencies

OntoWorks, OntoWorks or
Model API specialized
Automatically Application

Integration with Catia V5 Repeat if necessary

Product Development
_ifecvcle Manaagement

Update Template Ontology

Parameter Process
Dependencies Dependencic
Optional
OntoWorks or
specialized
Application

A

Manual Mapping of parameters if
parameter names are not the same

A 4

with rules and formulae

Augmenting parameter relations

2!

DaimlerChrysler Cor



CHRYSLER GROUP

DAIMLERCHRYSLER QA R

S=1=1)

Proposed Architecture

Win 2000, Win XP, AlX, HP, SGI Win 2000, Win XP
WebServices Enabled Model API .
CATIA WebServices Web Services WebServices Enabled Model API
ULEO
Template Ontology Expert Template
Template Mhanag%r Maintenance, Authoring, Maintenance and OntoWorks
Use CATIA V5 GUI when possible T Authoring
= =
Tight Integration using CAA A
S = ="
. Template
Catia V5 Development Native Integration —
A
Native Integration v
S — —
Jemplate Ontology ——
VPM Vault —’%
atabase Back-End —

B ——=

DaimlerChrysler Cor
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VPM/Enovia V5
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Future Directions:
How Does It Bring Us Closer To the Strategic Goal?

Vehicle Structure Knowledge Model



DAIMLERCHRYSLER IR‘I’SLER GROUP

Development of the “Master Vehicle Ontology”

~

e Integrated Approach

mUse globally and locally accepted
vehicle decomposition methods and
develop localized ontologies
representing sub-systems working-out
Inter system relationships along the way

2
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Other Ontologies at DaimlerChrysler

e Materials’ Ontology 10101001100
00010011101
e Fasteners and Common 11100011100

Components Ontology
e Ergonomics Rules Ontology
e Safety Rules Ontology
e VValue Chain Ontology

e Projects and Systems Ontology
o ...

2!
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Results of Templates Ontologies Activities
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