Integrating CAD models and
Multi-disciplinary Simulation

! models

By
Chahé Adourian



" CAD models are generally used to describe
only mechanical aspects of a design
= List of parts
= Assembly information

= Constraints between parts

" axial joints

" rigid links ...
= Dimensions, weight, material properties of parts
" Etc.



&M Introduction

" Want to make better use of the CAD model
" Go beyond what traditionally CAD models
are used for in generating simulators
= Ex. CAD model = Mechanical simulations
= Ex. CAD model = Thermal simulations, etc.

" Use model to generate a multidisciplinary
simulation of whatever the model represents




Wln Short!

" We have drawn CAD model




In Short!

" We want a simulator!
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w Process

" Associate to each CAD part, a model in the
simulator

" Each simulation model can have:
" Mechanical behaviour
= Electrical behaviour
" Thermal behaviour
= Control behaviour

" Each Simulation model must have
= The behaviour intrinsic to the real part
= An Equivalent Interface



*W Conceptual Design
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Moechanical Simulatormodel
SolarArray. par:Variable T able (=]
Urit Type ~| || [fHeE]
Type | Expase Hame Value Fomula Evposed Mame
Bim = |neaht T0.00 mm
Dim C [erath 100,00 o
S G e » ([ Dim - |widh 60.00 mm
f r ¥ Dim ™ |ExtudedProtiusion_ 6000 mm = width
Codeto Extract 3 Dim I |Rod_diameter E.00mm = Hole_1_Diameter
D itak 2 = z
Moechanical atapase o Bim [ |Finge_Length_01_F|20.00
cenanica S f0raee 108 e o, 2 s Dim = |Hinge_Length_02_F|20.00 mm = Hinge_Length_01_FiriteDepth
Assen bly 5 = N— Dim [~ |Hings_Thickness [10.00 mm
I . - . Din r |vem 1000 o ~Hings_Thickress
nlormation i Dim [ |FingeHeleDistancel [10.00 rom
LR i M ar W |PhwsicaPropeties_I| 7500.000 kg/m ™3 [paenafStucine pa T in spacecia
. Var W |PhusicaPropeties: D010 FhysicaFopeties |
o -.:-_'m-'u:—" Var [ |Hole 1_Diemeter |6.00 rmm
et [ |Hoie 3 Dismetsr  [B.00 mm ~Hiole,_1_Dismmster
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Code to generate :
User-Interface for Customized User-Interface for

param eter control Parameter Access and Control




Conceptual Design

" There are four main parts

1. CAD

" A Ul to save CAD model assembly and part
information, into the database

"= A Ul to control the CAD model parameters
2. DB: design the database tables
3. CAD to Simulation Mapping

2. SIM (not presented)
" Interface to Access the DB
"  Extract Assembly information
" Generate simulation files
" Load model and parameter table



CAD Component

Integrate User-interfaces into CAD

" Adding a Ul to SolidEdge

P¥ Solid Edge ¥18 1 =lolx]
File' Took Applicatons kanage Help
| U= 2%
Add-In Manager
Ayailable Add-Ing |d Ervironments - Ok I
Engineering Reference @ Agsembly
G SEAddN 2 g SoidPat _ Carcdl |
= Thiz iz my localized (U5 English] addin registr... Dirawing Hel
Souip Epce in-EdgeB ar @ Sheet Metal Pa & LI
Create [ 5MFeatureE dge v <| | _DIJ bk
Salid Part e .
@ Description: Introductiol
g Sheet Metal Part VO -This integrated Solid Edge addin was created |« Bt e it R Modeling
uzing Solid Edae Project Templates for Yisual
@ Weldment Studio NET 2003 available at =l
% Assembly
E Dranwiing
B iew:

1

Adding the created Ul to
SolidEdge

EE Solid Edge V18 - Assembly - [spacecraft.asm] E HE=1E
@ File Edit ‘“iew Fomat Tools AMSYS 3.0 Inspect Applications Manage ‘wWindow

Help ===

‘J.‘?H -'_1‘_ 9 ‘Eﬁfﬂ
Emord.. | Updat.  Updat.

j | Idefault,mdourian j |g

e

PartAsm Name I Parameter Namel Walue I

SpacecraftStucture
Solar Panel

Activate

SolidEdge, with a new Ul



CAD component

Extracting Assembly information

Qccurrence: Solarsrray par]

Origin (m)= 2.99999999999993E-02, -7 93718597357 538E-02, 3.37306753273139E-02

Transformation Matrix (Raotation + Translation) . L]
1, -1 ¥7993775588808E-14, 1.798561 2993927 7E-14, 2.999993599399393E-02 ar -

1.862:35440046903E-16, -1, 1.22460635332235E-16, -7 953713397857336E-02
-1.7626110851032E-30, 1.78631523635492E-14, -1, 3.37396753273139E-02

0.5, 5.1 " Name, position,

Phy=sical Properties: .
Mazs (Kgl= .50302159217128 t t
Wolume (m*3):= 6.51309733552924E-05 ro a Ion’ e
Area (2= 1.74974335690969E-02
CenterOfhazs in Part Frame (m):= -3.00000000000007E-02, 4 52732412021825E-02, .005

|}
CenterOfyalume in Part Frame (m);= -3.00000000000007E-02, 4 52732412021525E-02, 005 . P h S I C aI
Moment=s in Part Frame(kg m™2)=

lex= 15619423961 5618E-03 byy= 6.35436033630346E-04 |zz= 2 1836176530431 59E-03

L |
l:y=-5 .89993522348629E-04 [xz=-7 62032358257 062E-05 lyz= 1.14995920391 449E-04 P ro e rtl e S
Principal&xiz=

w 0,001

v 1,00

" Mass. Volume...
Principalboments (Kg m*2)= 6.85123447914599E-04, 5 27A6T05420748E-04, 1 6551606057 189E-04 )
RadiofGyration (m= 367234377861 003E-02, 322375729674531E-02, 1.80500739431 201 E-02

Relations:
Axia¥ . SolarArray . par 1 SpacecraftStructure par:1
Geometryl Info
Positiond: -0.030, -0.070, 0,029 ] R | -
“ector!: 1.000, 0.000, 0.000 e atl O n S
Geometry2 Info
Position2; -0.185, -0.070, 0.029

Wectarz: 1.000, 0.000, 0.000 u AXi aI jOi nt

Planar : Solar&rray par:l SpacecraftStructure par:
Geometryl Info
Position1: -0.020, -0.050, 0.034
wectort: 1.000, 0.000, 0.000
Geometry2 Info
Position2; -0.010, -0.076, 0.024
“ector2: -1.,000, 0.000, |:|_E||:||:||



CAD Component

User-Interface to control CAD parameters

OM [SolidE dgeFramework]) E Hi=E

! Levell Fart M ame | F'artNumI:uerl Hevisiunl E!uantit_l,ll Path
aftStructure. par:1 SpacecraftSructure. par1 1 C:*_SynchCourses20064%MechB93-DegntProjecthSE_

“ ) Spacecr

“oJ Solantiray.par Solardrran.par: 1 C:A_SynchCourses2006\Mech583-0 zgn'\ProjecthSE_
..... [ Solartray. par? Solardmay. par: 2 C:h_SynchCourses200645M ech533-DegnhProjecthSE_
e 5 Thruster par:3 Thrusgter. par: 3 C:h_SynchCourzez2006M ech533-0zgnProjectSE_
i G Thuster par2 Thruster.par:2 C:A_SynchCourses2 00684\ ech533-0 2gn'\ProjecthSE_
{ G TorqueRodz<vE, asm:1 C:A_SynchCourzes 20068 \MechB33-D sgn'\Project\SE_

S TorqueRods<dyZ asm:1

torqueR od. par:1
torqueR od. par: 3
TorqueRodSupport. par: 1
torqueR od.par: 4

C:h_SynchCourzez2006Mech533-DeanProjectSE_
C:A_SynchCourses2 0084\ ech533-D 2gn'\ProjecthSE_
C:A_SynchCourses 2006 M echb33-D egn'\Project\SE_
C:h_SynchCourzez2006Mech533-DegnProjectSE_

(G torqueRod.par
[ torqueRod.par3
(@ TorqueRodSupport.par:

R B e
gy ey gy




DB Component

Brief look at the Database tables

Ui poAdmin 11 - O] x]
File Edit Toaolz Display Help
$0 O ® Lo L P

-+{) Operatars (0] Calumn I Con

@ Operatar Claszes (0]
----- T3 Sequences (0]

- Tables (4

=5 Aszembly

=1 Calumns 4]

----- Full ame

E ----- Mame

----- T Path

. Urits0 M easure

-+ Constraints (0]
..... & Indexes (0)
- Fyles (0]

m FuIIName

T Mame

T Path

T Unitz0feasure
--#]4 Congtraints [0)
----- E Indexes (0]
- Ryles (0]
----- # Triggers (0]
=5 Relations
=17 Columns [5)
----- T RelationT ype

T Fulld ame

T Wame

T Path

T UnitsOfM e:asure

o | 3

Froperties I Statisticsl De 4| »]

1| | ,

||F|etrieving Colurnne details... Done.

000 zecs o




&% CAD to Simulation Mapping

" The mapping is an association
between

1. CAD Assemblies and Parts on the one
hand

2. And Modelica models on the other

" Must be careful when both Assemblies
and Part have modelica equivalents



*ﬂ Example Mapping

" CAD Solar Panel

" Simulator Solar
Panel

Spacecialt - Spaceciaft SolidEdgelF_Examples.Spacecraft - [Diagram]

£ (spacesiatt
(Modelica
1 (P uliBads_
(JEnsrepias
5 (T UnfrishedM odels
£ (T SoidEdgelF_Examples

0005
A7 SpaceciaftStructure. {0,008}
S5 TorqueRads72

i+ Moy

R SoidE dgelF _E;
3 spacecialtStuucture
solartirayParel

flasirayPanell




&W Example Mapping

" CAD
Spacecraft |
Structure L ]

" Simulator S/C
Structure




im Example Mapping

" CAD Torque
Rod Assembly

" Simulator
Torque Rod
Assembly

'




iw Example Mapplng

" CAD Thruster

= Simulator ==
Thruster R -

e a1l



Expected Conversion Result

" CAD Model
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i% Expected Conversion Result

" CAD Demo
" Modelica Demo




§W Status

= All major technical components of the
design have been exercised

" No foreseeable technical difficulties

" Conversion from CAD to Modelica now
possible, however reverse process
requires an upcoming release of
Dymola (or MSDL compiler)



&M Conclusion

" Approach looks promising

* CAD model translated to multidisciplinary
simulation model

= Will eventually allow to completely link CAD model
to all related simulation models

" Much work still required

" Modeling all possible user behaviors on both the
CAD and Modelica tools

" Reevaluate system architecture accordingly
= Continue developing the interfaces



