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Integrated Modeling and Analysis Process Pilot
Overview of TC Eng with UG-NX & I-DEAS
Constructing the Analysis BOM

Modeling

Discipline Interfaces
- Thermal to Structural
- Structural to Optical

Collaboration with Results in TC Engineering
Process Pilot Accomplishments

Other Process Activities Not Covered
Revising and Version Management
- Working with External Partners for Design Or Analysis
- CAE Manager
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Pilot Scope
Build TOM3 Baseline Models & 1st Measurement Case
Integrated Modeling Process Development
Start June 2004
Complete On or About September 2004

SIM TOM3 Timeline
8/1/04 Single Optic Case
Baseline: 8/30/04 Thermal, 9/15/04 Structural, 10/1/04 Optics
Analysis of Data Campaign 10/1/04 — 1/10/05

Pilot Objectives
Reduce technical and schedule risk to SIM TOM3 testbed analysis

Establish integrated structural thermal analysis process with deep
precision capability for JPL

Provide insight to integrated modeling needs and requirements for UGS
product development

Provide showcase environment for next-stage UGS CAE products
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What is in the model:

SID: Geometry, Thermal,
Structural, Optical

Compressor: Geometry,
Thermal, Structural, Optical

Newport Table: Simple
Geometry, Thermal,
Structural

Cold Plates: Simple
Geometry, Thermal

CoPHI: Simple Geometry,
Thermal, Optical




Mechanical
MisAlignments &
Tolerances

Mechanical
Design

Assy

Geometry:

Soli

d Models

A-1

Optical

Prescription

Optical Design

A-16

Geometry:
Solid Mopdels

Loads/ En

vironment

Material & Surface Properties

Ray Mesh Pts

Material Properties

Loads

Optical Output Locations

>

Ray M%sh Pts 4
4 Thermal Analysis
Case g
Definitions A2
Temperaturesn

Temperature
Transformation

A-15

Structural Analysis

Thermal Mesh

Integrated Disciplines:
Design, Structural Analysis, Thermal Analysis, Optics
Detailed Design Phase Capabilities
Large Models
Configuration Control via TeamCenter Engineering

)
g A-3
Distort|
Temperatures in Displa
Structural Mesh

ons
cements
Optical
Ly Metrics
A-4
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Optical Metrics:
Wavefront Quality
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Data Management &

Collaboration

Design Data

®| JPL Design ltem

o

-

TEAMCENTER

Teamcenter Engineering

Thermal, Structural, Optical Data

JPL Analysis Item

q JPL Design Item Revision |

CAD Data, .
/ Design Specs \_

Y

q JPL Analysis Item Revision

CAE Data, Analysis
Assumptions,
Results, Reports

UG Manager

L £

NX Manager,

I-deas [Parts]

/

Design // .
Interoperability

\

<«

NX (Unigraphics) [Assemblies, parts]
Abstraction for analysis

Structural, Thermal

Analysis @
> R [}
@ Translator  NX Nastran

I-deas, TMG

Optics




Analysis BOM
Parallel Pruned Copy of Design BOM
Holds Analyst’'s Abstracted Models
Supports Assembly FEM
Holds/Displays Analysis Results

Naming Convention
Design Items: Use Part Number
Analysis Items: Use Part Number + "-THM” or “-STR”
This ties Analysis BOM to Design BOM

TC Eng Permissions by Group
Design: R/W by All
Engineering: R/W Owner Only, R by All
Analysis: R/W Owner Only, R by All

JPL Custom Item Types

All Derive from TC Eng ltem

JPLDesignitem & JPLAnalysisitem Add Metadata in Custom Forms
N
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File
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A Design Item Revision;
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a revision
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File Edit View -DEAS Tools Desktop Help

® =g 2R X o 1

My Navigator
II £ Homa | @l JPL Design Iterm (1)
(1~171)

23831 5-5TR-Fold Mirror Element

10238315-5TR
10238315-5TRIAT-Fold Mirror Elerment

| -STRIA

) 1023531 5-3TRIAT /
1023831 5-5TRiA1

28, FM_Mirror_FEM

-] wiewe

@ Ck Search
fihutson (kkhutson) - Engdnalysis’Stractires (W PL-Production )

| @Elubsstuff |

[~ Properties Viewerl mReferencersl

TFAPGST ¢ Dad

Item...

b

[-DEAS part dataset of
abstracted part; imported
and exported through
NXMI only

Analysis Item
Revision

I-DEAS FEM dataset;

imported and exported

through NXMI only. No
automated .jt files or

Direct Model (.jt file)
dataset of abstracted

part; this is automatically
created as visualization
of an abstracted part
and displayed in the
viewer

standardized
visualization mechanism
in TC

Manufacturing

%
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£

&[] ¢

S PHEPEEF

80

Utilities

Ready




Note Non Standard
Naming Convention!

2l tem...(1~515)
=@ TOM3_simple_ASH

B TOM3_simple_ASM

=@ TOM3_simple_ASmial
------ E) ToM3_simple_ASMIAT
----- E':I Hashemi Definition Diadram

This Assembly’s Children

Other Parts that met the ‘\
Search Criteria
“TOM3_simple*”

‘?
N0 w0 TOM3_simple_ASh-A1 [}»
2l Frozen
----- TOM3I_simple_AShIAT-view ?‘

- Werw
. TOMI _simple_pritmary_mirrar_DET-Pritnary
. TOMZ_simple_MLI_DET-MLI
. TOMI _simple_heater_DET-heater
El. TOMI_simple_SID_DET-SID

B TOM3_simple_SID_DET

El' TOMZ_simple_SID_DET/HA1-SI0
- ¥ UGMASTER Productvision data
------ TOMI_simple_SID_DETIA
------ g TOM3_simple_SID_DET-A1
% Frozen
-] view

TOMI _simple_primary_mirror_DET-Primmary

. TOmM3 _simple_heater DET-heater

@) TOM3_simple_SID_DET-8ID

- TOM3_simple_MLI_DET-MLI

‘?ﬁ
?.




3 tern...(1 ~515)

=@ TOM3_simple_ASM_THM-TOM3_simple_ASM®—
B TOM3_simple_ASM_THM

Top Level Design
Assembly + “-THM”

@ TOM3Z_simple_ASM_THMIAT-TOM3_simple_ASM
—E) TOM3_simple_ASM_THMIAT

?.

This Thermal
Assembly’s Children

4y TOM3_simple_ASM_THRWIAT ‘v‘
() TOM3_simple_ASM_THMia1
%20 Frozen

B8 TOM3_simple_ASM_THMIA-view T

Wiy

' TOMI _simple_primary_THM-TOM3_simple_prirmarny_mirrar

. TOM3_simple_MLI_THM-TOMI_simple_tLI

This Thermal Part’s .jt

Visualization File

. TOM3_simple_heater_ THM-TCOM2_simple_heater
El. TOM3_simple_SID_THM-SID
B} TOM3_sirnple_SID_THM

Status Flag Indicates the Part

Is “Frozen” or Read-Only

?.

TOM3_simple_SID_THMAT-SID

""" ¥ TOM3_simple_SID_THMWIAT
~[E) TOM3_simple_SID_THMAT

This Thermal Part’s I-
DEAS Model File

: TOME_SiFﬂpIE_ElD_THMI.ﬂ.'I
%2 Frozen
- wiew

'?.

— @ TOM3_simple_primary_THM-TOM3_simple_primary_mirrar
. TOM3_simple_SI0_THM-SID

. TOM3_simple_MLI_THM-TOMI_simple_tLI

. TOM3_simple_heater_THWM-TOM3_simple_heater
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2 PSE - Teamcenter Engineering ¥9.1.2.2

1 File Edit WYiew I-DEAS Tools Graphics Desktop Help
Shcl))wmg B @ Es 2B &P ~F eDS S| -
eSIgN PR
BOM in
P S E Pl Navigator

Objective:
Build
Analysis
BOM for
Thermal =

Model

Ch Wignver

Q
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%1 Wariants

Has Statusi Any Rel :

Has Statusi Any Rel _

Has Statusi Any Rel ® Q @’I(’T&. I f h m @

1 0240436-1745-SIM_SI0_TOM3 (view) Wiorkinol )

Has Statusi Any Rel

Has Statusi Any Rel

Has Statusi Any Rel

Warking( 0

Has Statusi Any Rel

Has Statusi Any Rel

Has Statusi Any Rel

COMPRESSOR_MG_PLATE_UPDATESAS Has Status( Any Rel

SID_MOUNT _JIG_PLATE/AS WWiorking )

Has Statusi Any Rel

Haz Status( Any Rel

: Has Statusi Any Rel
TOMICompressarEnclosurefa3-Comp_Enclosure_3... Has Status( Any Rel

SRS PR FPEE
Ready m
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S e n d t O I _ Collaboration Cortext

@ TomTestBiedial
@ TomTestBedia2
@ TomTestBedias

5 1. Select the
5 @ Tontesises J Design UGMaster

TomTestBediAs

“B-B-H-F-F

23 TOM3

DEAS Menu CM iewer

TomTestBed
@ 22 Frozen

B TomTestBed-view
B TomTestBediAs-view

Classification m i
.= 3] BOM Status
; @ SIM_TOM3_COMPRESSOR_ASSY-OF
et YT TOM_TEST_BED_TEAM_ASSY

TomTestBed-THMW
TomTestBed-THM

®E TomTestBed-THM-view
@ TomTestBed-THMIA1

& TomTestBed-THMA2 & -
)I

0 B T Tl TURAL D il
Manufacturing %{ J I | _;l_l
Q2] &
B[] ¢

ARBPOITHEE
Ready m
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Select “New” for all
Parts to be Analyzed
so that Subsequent
SaveAs will Create |-
DEAS Parts

Select “Precise” for all
Parts to be used in
the Analysis Context
but not Analyzed

L AUVSIS DOV

Sektings

=@ Tom_Shroudiat-Tom_Shroud

Select New
for Parts to
become I-

DEAS Parts

------ 5 SHROUD_CHANNEL_BASE_BAR_SPACERIA-SHROUD_CHANNEL_BASE_BAR_SPACER ()< Hone
------ & SHROUD_CHANNEL_BASE_BAR/A-SHROUD_CHANNEL _BASE_BAR @l: Mone = vI [~ Precise [}
------ &1 SHROUD_CHANMEL _BASE_BAR_SPACER/A-SHROUD_CHANMEL _BASE_BAR_SPACER @|< More =

------ & SHROUD_CHANMNEL_BASE_SUPPORTA-SHROUD_CHANMEL_EASE_SUPPORT @|< Nore= 7]

@ SHROUD_DOOR_SLIDE_UIPDATE/A2-SHROUD_DOOR_SLIDE_UPDATE
; =l e T —

A cupon ananTES oo coDoLn GnanTED Coac bl

v Replace existing revizions in the maode! file

Revision Rule: ILates‘t ‘Wiarking
Change Revision Rule |
~Check-out History

Change |D: I

Cormmerts:

- Destination Bin

IMain ~ I

O Cancel

| o]

Select Precise
for Design
Context Parts




This shows the Assembly

File

Edit “iew ManageBins Help

In I-DEAS

Design NX Parts Sent As
Precise Are Pruned

Design Assemblies Have
RFL Permissions

Analysis Parts are
Checked Out

iManage Bins 2lx|
Wi Part 'I =2 | = = §
IS | e | = E [N 0 selected ¥ TopAssembly Only r
MName - Type I\/ers\nﬂ(Fj IParl MNumber j
Main EIN |
Cl =] SHROUD X BRACE PART 1 () SHROUD X BRACE

QB0 o e

=

w7 4 SHCS 25, SHCS 25,43
- 8 SHROUD X BRACE, SHROUD X BRACE, 1

@ &, BENCH BOTTOM SHEET Timport, BENCH BEOTTOM SHEET Timpart, w7
@ A, EEMCH CORETItpart, BENCH CORETImport, v

@ A, EIPOD_ACT_SPACER_SID, EIPOD_&CT_SPACER_SID, w11

@ 5,.. BenchTopPlateMesy Tinport, BenchTopPlateMew Timport, «8

@ & Comp_Enclozure_Bottom, Comp_Enclozure_Bottom, «17

@ & Comp_Enclosure_Top, Comp_Enclosure_Top, w20

@ ﬁ HEATER FLATE % AXISTImpoart, HEATER PLATE % &XISTinport, w1
@ A, HEATERS_BACKDOOR, HEATERS_BACKDOOR, v3

@ &, HEATERS_BOTTOM, HEATERS _BOTTOM, w3

@ #, HEATERS_DOOR, HEATERS_DOOR, w17

@ #, HEATERS_SIDE, HEATERS_SIDE, w11

@ &, HEATERS_TOP, HEATERS_TOR, w3

- @ % HEATER_PLATE_BACK _LCWVER, HEATER_PLATE_BACK _LOWVER, wi
- @ ﬁ HEATER_PLATE_BACK_UPPER, HEATER_PLATE_BACK_IPPER, w1
@ A, HEATER_PLATE_BTM_MEW UG, HEATER_PLATE_BTM_MEW UG, w3
- @ % HEATER_PLATE_EMD_LCWYER, HEATER _PLATE_END_LOWER, wi

- @ % HEATER_PLATE_EMD_LIPPER, HEATER_PLATE_EMD_LPPER, w1

- @ ﬁ HeaterPlateTop, HeaterPlateTag, w1

Ay




Create New I-DEAS

Part For Each Part T—— & | Change Name
to be Analyzed [ Type: Part Name: SHROUD X BRACE W « BRACE Following

Naming

Change the Itemld ﬂemld|;HRouanRACE-THm *_me[sromxeq  CONVention

Following Local

Naming Convention _tesen | [z
. EIIHE nalysisitem ¥4 ;
Change from Design o TiFe i Anasten Use Analysis
Item to AnaIyS|S Item Subsequent Processing Options ype
& B Following
SeIeCt Save to Create e ;;;n;&(:heckin Subsequert Processing Options | Local
the Inltlal AnaIySIS " Save, Checkin, & Remove Convention
ltem and I-DEAS
Save Cancel
Part




JCHRO - TRESEN ANSIS

BH1-DEAS 11 NX Serie

I@File Edit “iew Options Tools ‘“Window Help

Every New I-
DEAS
Analysis Part
Has Its NX
Design Part
as Root
Feature

I-DEAS Part
Geometry Is

—_———————
IDesign Vl
IMaster Modeler Vl
—_—

WE|aZENTFTD

Part: "SHROUD ¥ BRACE:SHROLID X BRACE 1 .Main" selected g

& Search [l JG_3088ibht-azc. ﬂ ﬁ ﬂ ﬂ ﬂ

" Rename

RefGeo3 . *** UG_3058fbbf-a2c3-114d

Associative
to the Design

New Part Has
Design Part
as Root

Analysis Can

! Pick pan, features or reference geometry -

Update With
Design

H[U=e REDISPLAY icon to =

"SHROUD X BRACE:SHROUL
FEA TG_3058fbbf-a2c3-1

8| 2w F sl + AR
Feature W A p] b e

™ Retain Results ﬁ & Wireframel
j (::' '1\:' = Show Partial Besults

Changes

Dismiss |

il B3
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aTa \—ll,lr'lR-A 2Serve ASSO _.—......_y__*

\

a;/j Automated Solid, Shell, Beam
@ Mesh definitions and anchor nodes
for meshes that track to solids,

(UG or I-DEAS D surfaces, curves in geometry;
or esign or

Abstracted Part) / e
K
X
/.
@ Manual or
Semi Manual

Part FEM Section - ycee:ﬁ:lri]gues
Meshing - q

,‘/ Mesh Numbering, Surface Normal
% //' Control, Material Orientation, Mass
B & Spring Elements, Sweeping,
Associativity to Geometry 2 Extruding, Reflecting, Copying,
i Surface Coating, Solid from Shell
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I-DEAS Requires All Meshes to be in a Part
- Method 1: Use the Assembly to Generate a Part
- Method 2: Parameterize Assembly as a Part
- Method 3: Create FEM from Assembly
- Method 4: Hybrid Methods

Choice Depends Upon
- Substantial Use of Instances
- Modeling and Abstraction Required for Analysis
- Nature of Design Geometry Changes
- Associativity of Modeling and Meshing Technigues

See Back Up Information for More Detalls



Thermal results obtained from a TMG run can be mapped from
a thermal FEM to a structural FEM within I-DEAS.

Temperature results can be used to create thermal boundary
conditions.

The thermal analyst needs to provide three universal files.

Thermal _Model.unv The model used for analysis
tmgtempn.unv Nodal temperature data
tmgtempe.unv Elemental temperature data

Groups or TMG “zones” can be used to help ensure proper
mapping.
- A TMG zone is a specifically named group

Temperatures will be mapped from a thermal model zone to its
structural model’s counterpart

TEZONO3 maps to STZONO3
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Define Reference Modify Mesh definition
Points for ray mesh to match anchor nodes
locations on reference points

Optical Analysis is Based on Bundle of Rays

Ray Locations on Mirrors Used to Define Reference Points
FEA Mesh Created with Nodes at Ray Locations
Displacements At Ray Locations Sent to Optical Analysis
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JPLDesignltern (1) |

w”:” i i B2 Properties \BWEfiHReferemers!
allectorOptics-

CollectorOptics-STR w Q 4 (»')[.'?: 1 ¢ =] ;—-'i-[-v e« W =2 B\ 9
CollectorDptics-STRIA1 5 —
& UGMASTER Praductvision dat
CollectorOptics-STRIAT

&5 CollectorOptics Ul

-4y Chief_rays_from_Yuri_041022
CollectorOptics-STRIAT

_E CollectarOpti CEE

W OpticsSummaryEmail_041019
CollectarOpticsDefinitions/A1
constrained_parabala_in_idea
CollectorOpticsAnnotated/Al
CaollectarOpticsRaysiat
CollectorOptics/A1
rays_0410260A1

-4y CollectarOpticsRays.unwal

& collector2.igsial

-5 CollectorOptics-STR-A1
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-] view

]--@ Mailbox

£ 3 Mewstuff

-] TOM3_SID

#-(] TOM3_SIMPLE

+-] TOM3_KURT
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Mapped temperature
results displayed in a

Take Advantage of
TC Eng Version VRML file written from the
CO ntrol 2 oy Nvigatr -eamcenter Engineering VB.1.1.7 visualizer

@ SE BB XA & Qﬁearch

Document Analysis m__[ _
InletS & OUtpUtS @ ome | IR v en ()6

& ttem. (1 ~21721) =l
. 10238330-5TR-M3 Assembly
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1 modeIS and output { File Descriptions
Office

Integration

Make Results ﬁ
Avai Iable tO Powerpoint document to

& M1_Assoc_aFEm
summarize analysis

P @ Mapped THM Deformation RELT
NOﬂ-SpeCla“StS model assumptions and

(@ view
results

Applications « ®

\ewer} B Referancers

= . 10238315-5TR-Fold Mirror Element
+-@ Wurs_sphere-Sphere

#-@ Pobs_Testm2

#-@ [BENCH CORETImpork STR-BEMCH CC
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VRML Created
with I-DEAS
Visualizer

Saved in TCENg
as VRML
DataSet

Displayed in
Viewer with
Cosmo
Player

eamcenter, Engineering V8.
File Edit View [DEAS Tools Desktop Help
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Summarize
Results in
PowerPoint

Save in TC Eng
as
PowerPoint
DataSet

View In Viewer

OR Double
Click to
Launch in
PowerPoint

Use in the
Conference
Room!

My Navigator, - Teamcenter Engineering V8.1.1.7
File Edit View |-DEAS Tools Deskiop Help

® 5 L BB X8 B & O senn
Engineering
& Home B IPL Design Itern (1)
2 Hern..(1~111) |
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TOMF acilityCT-THWMIAT -analyzed_geom
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&5 TOMFacilityCT-THM_support_files
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ftern... (1)

Applications - @
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viewer | Bl Referencers

Finite Element Model
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JPL practices for using TMG, I-DEAS and TC Eng with NX
design geometry have been developed, tested and
documented.

Integrated modeling of high precision optical systems has been
demonstrated using commercial tools which scale for detall
design flight hardware teams.

While the initial detailed modeling of high precision systems is

still quite time consuming, a basic repeatable capability has
been established and case analyses can be run in a few

weeks.

Analysis modeling, meshing and solution techniques that assist
update and re-use have been identified and demonstrated.
Attention has been drawn to the need for integrating analysis into

configuration control and collaboration.
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Thiswork was performed at the Jet Propulsion Laboratory, California
Institute of Technology, under a contract with the National
Aeronautics and Space Administration.
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|-deas Part that can be meshed with geometry in
assembled orientation; Instances are branches on history

—_—
to get a part with assembly

tree
(UG or I-DEAS Assembly) Configurations @ .éj
Use Assembly to Join, Join
Partition, Add, or combination
Assembl -
_ Y Suppression of geometry:
Hierarchy Instances

Parts can be updated or
replaced as features, but
orientation will have to be
manually updated
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Method 2-Paratis

el -

Fully parameterized, simplified part of assembly that can
be modified geometrically as desired and meshed

Kh Sketch in place, constrain and

dimension to build wireframe

(UG or I-DEAS Assembly)  and parameterized features
i o4dh—

\mn  E el
%_ L5 - a7

"'ia-&l W / 2 5 @ Extrude, Revolve,
EJ—;; Surface by Boundary,

Define useful interfaces, Partition, Split surface,
references, and coordinate etc., to get part with
Create an I-deas part systems solids/surfaces

By measuring and interrogating
assembly data




The “Create FEM from Assembly” Command defines
mapping of instance orientations to FEMS to define and
generate an "Assembled FEM”

| (UG or I-DEAS Assembly) ~ Part & Mesh (with or ‘

without geometry)

Kh - Instance(? @ =1

Assembly nastran deck or
neutral file of a FEM

Define an “Assembly”
FEM

%EEI e

@ Create FEM from .- “Append the FEMs
Assembly //‘ together, merging

— P nodes for connections,

Associativity to Geometry = === = === === final setups for solving

— : :@—1

Instance(s)
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Use any of the previously described methods to build a mesh to
represent an assembly

Considerations for choosing a geometry meshing strategy

Meshing detailed parts & Create FEM from Assembly a good choice
when

Assembly contains multiple instances with chosen interfaces for meshes to
match

The orientation of the instances is useful to reuse from an assembly
There are multiple configurations that can be used from the same part
meshes (maybe thermal configurations, for example)
Generating a part from an assembly or modeling an assembly as a part
can be a good choice when
There are certain key geometric variables to be changed and analyzed
Meshing of an automatic nature is acceptable

mapped volume bricks
free volume tetrahedral

surface meshing of quads or triangles
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An I-DEAS FEM requires a part record to exist

The part does not have to have geometry, but it will
have coordinate systems

When assemblies are used to create a FEM a part is
still created

If you import a bulk data deck to I-deas like from
nastran, a part will be created

Exporting/importing a “Simulation universal file” of
just a FEM creates a FEM that references a part with
no geometry




Because a FEM requires a part, this command creates a part for the FEM to
reside on.

A resulting FEM can depend on geometry in Assemblies, Parts, Meshes in
Part FEMSs, etc.

If the FEMs are Created with associative techniques to parts, they can be
modified at that level and a new “Assembled” FEM can be created for an
update. This is typically simpler than updating the Assembled FEM (AFEM)
for changes.

It is a good idea to save a copy of a model file after defining (AFEM) but
prior to generating a mesh from “Create FEM from assembly” as a restart
point.

“Create FEM from Assembly” essentially automates “appending” FE models
together.

The update method you use may depend on understanding what the
changes are. This is why comparing assembly revisions can be so helpful.

NXMI & TC Eng do not correctly save the AFEM part. You can manually
save the model files as an opaque dataset in TC Eng for backup.
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