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RAPID CAD TO SIMULATION WITH MACHINE LEARNING \\

Commercial Truck CAD Model Example WOl‘kﬂOW \

3545 volumes
81,283 surfaces
208,203 curves
133,461 vertices

»

* Break into subsystems for teaming and/or \
avoid large model size

* Remove parts that are irrelevant and not
normally modeled for a specific physics

* Fix bad geometry

* Remove small features

* Remove gaps, overlaps, misalignments
* Decompose for Hex Meshing

* Tet mesh/Hex Mesh

* Identify and prepare specific categories of
mechanisms (Bolts, Springs, Bearings, etc.)

* Reduce Dimension: Model Thin Volumes
with Shells and Beams

* Compute preloads on bolts, springs, etc.

* Prepare input deck




RAPID CAD TO SIMULATION WITH MACHINE LEARNING \\

Commercial Truck CAD Model Machine Learning for AN
3545 volumes
81,283 surfaces
208,203 curves
133,461 vertices

LY

Analysis Preparation: \

* Reduce/Eliminate most tedious tasks

* Guide user to next step

Present user with smart options

User validates MIL.-solutions

Standardization between analysts




RAPID CAD TO SIMULATION WITH MACHINE LEARNING \

Commercial Truck CAD Model
3545 volumes

81,283 surfaces

208,203 curves

Example workflow \

N

b

Break into subsystems for teaming and/or \

avold large model size

133,467 vertices

@ Defeaturing for Meshing

Remove parts that are irrelevant and not
normally modeled for a specific physics

Fix bad geometry

Remove small features

Remove gaps, overlaps, misalignments

@ Decomposition for Hex Meshing |

Decompose for Hex Meshing I

Tet mesh/Hex Mesh

@Classiﬂcation and Reduction ‘

Identify and prepare specific categories of
mechanisms (Bolts, Springs, Bearings, etc.)

@ Reduce Thin Volumes to Shells ‘

Reduce Dimension: Model Thin Volumes
with Shells and Beams

Compute preloads on bolts, springs, etc.

Prepare input deck




MACHINE LEARNING APPROACHES

1. Supervised Learning
« Operates using predefined labels during training
* Processes known input-output pairs (features, labels) for learning
* Encounters limitations when addressing new, unseen data scenarios
« Provides a single prediction based on established input-output
correlations

2. Reinforcement Learning
« Operates under a reward system instead of explicit correct answers
« Employs a trial-and-error methodology, aiming to maximize long-term
rewards
« Balances exploration and exploitation for optimal learning
* Produces a procedure or series of steps to execute a task, guided by
the reward system

SL model \

‘ N\

y=f ] N

labels features
Supervised Learning

Action

{ Agent J[ Environment]

State
Reward

Reinforcement Learning

Supervised Learning Reinforcement Learning

Collapse Curve

bt B

bin IR

@ Defeaturing for Meshing @ Part Classification

=l ]

@ Dimension Reduction

@ Geometry Decomposition




MACHINE LEARNING FOR DEFEATURING

Machine Learning

32,550 tets /y = f/ (x)\

OQutput: Mesh Input: CAD Mode|
quality metrics Local geometry/topology
“labels” “features”




TRAINING DATA FEATURES

Curve Length
Surface Area
Angle at vertex
Angle at curves
Valence at vertex
Number of loops
Hydraulic Radius
Etc...

Topology-Based Features




TRAINING DATA LABELS

Collapse Curve

Collapse Curve

Before

Scaled
Jacobian

Min SJ = 0.250

In-radius

Min IR =0.027

Min SJ =0.227

Min IR =0.267




DEFEATURING FOR MESHING EXAMPLE \\

@ Cubit File Edit View Display Tools Help GOEO P X2 ©© & = [J Wed12:09PM Owen, Steven James Q
00® Cubit 15.8b

DOEFF DR 99 TTITIILIAURELRAQAPF » L»>» H» > \...
2aPIQU o +—OBL \

o @ Model Tree 0 @ Power Tools
Current View Full Tree L_ L. ? " | Q
Name id ~] P Volume ID(s) all |
» @ Volumes Small Curve Threshold 1 Auto
» . Groups
> n Boundary Conditions @ Options... Analyze || | Auto Update
2 g ::z:inals | Show Solutions
. Name ~ | Data

B side Sets '

FH Node Sets

[Lt Boundary Layers

L)
ﬂ @ Properties Page k‘
Perform Action

i b2 e R
[ | Q@ Command Line
| |
' ‘| Current entity is Volume 1. . : "i’;‘j*" s
| 0 . .
, || Cubit>color Volume 1 win2kgray = | f = ‘r/ < || >

| Cubit> - aL k-] u“
[l




MACHINE LEARNING CLASSIFICATION FOR RAPID CAD-TO-SIMULATION\

Classify Common

Rapidly Prepare for AN
Mechanisms

Analysis \

Washer

Spring

Bolt

Bolt in CAD assembly Bolt ready for
before preparation analysis

Pin

Gear

Bearing Race




MACHINE LEARNING CLASSIFICATION FOR RAPID CAD-TO-SIMULATIO\\I\ @

ot

Vv EEle i+ a4
7
ﬂ Volume ID(s) all = :;_.: ///
(D Options... Analyze || | Auto Update o O :'r' ':,w-;!‘"ﬂi.'-i? i’////
2 t e,
| Show Solutions “ﬂ";\ =R ‘l‘i 'ﬂi > s>
MName ~ | Data .;;';;‘ _____ " ™., ,':gg
¥ Part Classification N 1 - :
» bolt (240) Confidence | :;;n : :// b
» gear (1) Confidence : - Tt | T
b nut (51) Confidlence | =TT L 4 e
» other (837) Confidence P e 2/
b pin (15) Confidence : R
> thin (168) Confidence AN\ / ot
» washer (93) Confidence - AR
o =
’ / ’ 2
- o
o I g
P X\ v
f»“'

Existing “bolt” category .’ ,‘« 21
tfp i
Classified 240 bolts f ‘{

3D Solid Model: “Bolt” Volumes Only
(240 Volumes)




REDUCE FOR SIMULATION (FASTENERS)

classify

Q@ Power Tools
v N e ? & )

ﬂ Reduce

& Volume ID(s) all

@ Options... Analyze || | Auto Update

| Show Solutions

Name ~ | Data

¥ Part Classification
» ball (112) Confidence
» bolt (53) Confidence
b gear (5) Confidence
» other (126) Confidence
b pin (33) Confidence
» race (36) Confidence
» spring (6) Confidence

» washer (12) Confidence

£ Bolt Core

Balt Volume ID(s) 2

Insert Volume 1ID(s) 1

Dimensions
c 00997 | c©2 00997 | cz2 037 Default
| Change Shank Diameter

Adjust Hole

| Match Shank Diameter
Simplify Hole Geometry
| Tight Fit

| Remaove Key Cavity
Webcut

Head - Shank
Shank - Plug

Merge
Hex Mesh

Mesh Size 00146244 Default

| Assign Blocks

@ 0 Display Preview Apply

simple reduce

reduce

—)

tweak hole diameter

to shaft; webcut head,

shank, plug

simulation-ready

spider spider
wagon wheel j2g

Hex Include insert
meshed and tweak
to hole, shaft

spider
countersink

i

core from

surrounding
volumes
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THIN VOLUME REDUCTION WITH REINFORCEMENT LEARNING ™ """ etimcm

2 # Reinforcement Leaming for Velumes 110 &
3

4

B # Completed after 1 iterations

& & Maximum Reward: 1.000 {Iteration 0]

7 # 5 Reduce Thin Actions

a8

9
10 # Volumea 1 [Reward = 1.000]

T reduce volume 1thin copy surface 71213 loft factor 0 0 O thickness 0
12
13 & Volume 2 [Reward = 1.000]
14 mduce voluma 2 thin midsurface surface 15 22 loft factor 0.5 thickness
15

[WReduce @ Initial 3D
Solid

[ % Thin Volume @ Model

16 # Volume 3 [Feward = 1.000]
17 reduce volume 3 thin copy surface 28 loft factor O thickness 0.012

Volume ID(s) [all |

18 # Volume 4 [Reward = 1.000]
20 reduce volume 4 thin midsurfacs surfsce 37 33 lodt factor 0.5 thickneas:

() Copy Surface () Auto Reduce 7
- a a . 22 # Volma 5 [Reward = 1.000]
() Mid Surface O Reinforcement Learning Journa | | 28 recuca woame 5 thin copy surtsce 36 40 414243 kft fsctor 000,00
24

Of Best R 2#®cenmections

. . 27 # [9) Volme 11e 3 [conmacted]
[teration 28 imprint valume 6 10
29 merge curva in wolume B with curve in valume 10
20 imprint valume & 7 10
3 merge curve in volurme B with curve in valume 710
32 irnprint valume & 7 8 10
33 merge curve in volume & 7 with curee in volume 8 10

Reinforcement Learning
0 Predict () Learn

[ | Initialize Random Optional Random Seed |:|
Maximum lterations Stopping Criteria 0.9999

| 35 [10] Volume 110 3 [cormected)

Journal Result  |[RL_result.jou

38

37 # [16] Volume 2 ta § [cannected)
38 mprint volume 12 13 141516

308 menge volume 12 13 14 1516

40 tweak curve 129 tanget surface 57
A1 imprint valume 14 with curnve 123
42 marge volume 14 %
43

(] Delete Solid Volume

@ 2. [ Display ][ Preview ]

N T RTINS puny ) . |

Reinforcement Learning Command Panel

reduce {volume <ids>} thin RL
[number iterations <value>] [initialize random [<value>]]
[stopping criteria <value>] [Journal result <string>]

[delete] [preview] Final Shell

Model

RL Command Syntax Preview of
Reduction




THIN VOLUME REDUCTION WITH REINFORCEMENT LEARNING

€ Cubit Fie Ecit View Display Tools Help B O G % PO © @ B § N Q8 Mo 2w
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FIRGEIEIE R
(<] ] Commard Line

Cubit=import acis "reduce_thin4.sat"
Read 13 ACIS Entities from the input file

Constructed 13 Volumes: 110 13
Journaled Command: import acis "reduce_thin4.sat"

Real Virtusl
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{_scrip! (RO & sror | History | command Pane| ([ ETCREE

‘Werking Directory: U

a

Ri€-C m@ocoeis QpEdraa ] HOANELZARIOD ~< @ o) |




AUTO DECOMPOSITION FOR ALL-HEX OR HYBRID MESHES

Chordal Axis Extraction

(mid-surfaces created from tetmesh)




VIPSIMAUTO DECOMPOSITION FOR ALL-HEX OR HYBRID MESHES
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Properties Page & x
Perform Action
LN R
v
Comimand Line
Aprepro Editor & x |Constructed 1 Volume: 1
Journaled Command: import "navy-sttrinavy-sttrimodels\sbracket\sbracket-mod,sat”
Variable Name Curre
Cubit>sget debug 234 off
1 ¢ tool budy 4 Debug Flag Settings (flag number, setting, output to, description):
. Journaled Command: set debug 234 off
Current entity is Volume 1,
z = Cubit>
Dielele

Sy I o i
\ Soript _." \ Command /' & Eror f\ History /

Working Directory: C/LUsers/dstimp/Projects/oubit
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© Colors. ... Analyze || Auto Update
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Power Tools
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RAPID CAD TO SIMULATION WITH MACHINE LEARNING \

Commercial Truck CAD Model
3545 volumes

81,283 surfaces

208,203 curves

Example workflow \

N

b

Break into subsystems for teaming and/or \

avold large model size

133,467 vertices

@ Defeaturing for Meshing

Remove parts that are irrelevant and not
normally modeled for a specific physics

Fix bad geometry

Remove small features

Remove gaps, overlaps, misalignments

@ Decomposition for Hex Meshing |

Decompose for Hex Meshing I

Tet mesh/Hex Mesh

@Classiﬂcation and Reduction ‘

Identify and prepare specific categories of
mechanisms (Bolts, Springs, Bearings, etc.)

@ Reduce Thin Volumes to Shells ‘

Reduce Dimension: Model Thin Volumes
with Shells and Beams

Compute preloads on bolts, springs, etc.

Prepare input deck




