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Thermal Desktop® @

2amna

STEP1 —

Select Thermal
Model

(@) repwire VERITREK(

What is Veritrek?

REDUCED-ORDER MODELING TO ENHANCE THERMAL DESKTOP®

(Creution Tool

- —

STEP 2

Convert to reduced-
order model.

T~ . ”lru\m_
1000s of results in seconds.—
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(( Why Veritrek?

Thermal Desktop® @ MORE INFORh{!ATION LEADS TO BETTER SOLUTIONS

Y l M ByLayer

* Powerful
* Minutes to hours per simulation

* Worst-case analyses
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VERITREK(

1000s of simulations in seconds
Expanded analysis
Improved understanding
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A statistical emulator

* Accurate surrogate of a high-fidelity model
through intelligent sampling and robust data
fitting

* Sampling based on Latin Hypercube methods

 Data fitting based on Gaussian-Process
methods

Veritrek Creation Tool allows for...

* ...the selection of multiple input factors
o Most to date is 33

e ...to return multiple output responses
o Most to date is 91
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What is a ROM?

ACCURATE SURROGATE OF A HIGH-FIDELITY MODEL

Reduced-Order
Model

Select number of
samples

y=10x+10

========

" Model 'Shape’
_______ = Unknown

Multiple Input
Factors
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When can you use Veritrek?

| Detailed Design
Design Optimization

Final Design

Design Verification

(@) repwire VERITREK(

___Early Design
Trade studies

MULTIPLE AREAS OF A DESIGN LIFE CYCLE

Detailed Design
Sensitivity Studies

AI&T
Model Correlation

Ball Aerospace
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Demonstration
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(( How to build a ROM

VERITREK CREATION TOOL

Thermal Desktop® @

B {Creation Tool
‘ P | ROM Sefup Generate training data

and Perform data-fit

N

Import symbols,
registers, nodes,
case sets, etc.

Determine ROM
accuracy

PCBS5.1 Maximum Temperature

ROM Cration

Create training runs

ROM Prediction Result

f—
2 e B 108 13

Measured Thermal Deskiop® Model Result

ROM Testing
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Demo

VERITREK CREATION TOOL
X
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(( Creation Tool: Parallelization

ROM Parallelization Feature

* Split large quantity of training runs into
multiple instances of Veritrek and Thermal e D
D e s kto p eritrekCT_demoC\VeritrekCT demoC TD 6_1.dwg

* Reduce the time it takes to create a ROM e it

Cond_ACS_to_Stiuclure Cond_Avionics_to_Structure  Cond_Payload1U_to_! ture Cond_Payload2U_to_Struci Total Number of Runs
9.31849315068493 9.33796477495108 9.31849315068493 B
TVac Test Cold 0.0694716242661448 9 9.47426614481409 e Conmin

* Limitation: can only support as many instances | =0 ooieccuionil wSone o dmed o Gademd ST
as there are Thermal Desktop licenses e

TVae Test Coldl 0.147358121330724 9.27902152641879 9.14324853228963 0.147358121330724
TVoc Test Cold 0.166829745595869 9.63003913894325 0.205772994129159 978581213307241 ROM Creation Control
TVae Test Cold 0.186301369863014 0.205772994129159 0:342074363992172 976634050880626

TVoc Test Cold 0.208772994129189  9.76634050880626 9.6845401174168 9.49371776908024
TVae Test Cold 0.225244618395303 0.497847358121331 9.47426614481409 8.85117414829746
TVar Tax 0.224716242661448 972739726027 397 9.0458904109589 9.10430528375734
0.2641 .92 0. 0.264187866927593
e Tent Cold 0.283659491193738 0.303131115459883 9.80528375733855 0.205772994129159
M U LT] P l_ E | N STA N C ES O F T TVac Tew Cald 0.303131115459883 0.283659491193738 0.283659491193738 0.400489236790607
] TVac Tesr Cold 0.322602739726027 8 36204 o1 8 0.419960861056751

THERMAL DESKTOP AND VERITREK

SINGLE ROM

11111
lllll

@REDWlREVER"RH« wWww.Veritrek.com 9



(((Creation Tool How to use a ROM

o\

__ROM2 VERITREK EXPLORATION TOOL

Import multiple ROMs into the
Exploration Tool

{Exploration Tool

Multiple ROMs and
analyses session
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Point Analysis

Run final
solution

Thermal Desktop® @
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(((Creution Tool

ROM2

ROMI
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Design

Optimization

(kD

ity Study ! "

How to use a ROM

VERITREK EXPLORATION TOOL

... etermine f_mde-offs and relationships

o
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Point Analysis

ity :
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Determine bounded-case scenarios for
required design envelope

Point Analysis

* Calculates output data directly
impacted by selected input factors

* Populates a table of input factors
and corresponding output responses

(@)repwire VERITREK(

Factor Sweep Analysis

Determine trade-offs and relationships
within a design space

e Performs a parametric sweep of
calculated output responses

* Plots output responses over the
given range of a single input variable

WWW.Veritrek.com

How to use a ROM

VERITREK EXPLORATION TOOL

Surface Plot

_—A

Surface Plot Analysis

Determine trade-offs and relationships
within a design space

* Performs two parametric sweeps of
calculated output responses

* Plots output responses over the
given range of two input variables
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(( How to use a ROM

VERITREK EXPLORATION TOOL

Sensitivity Stud

[}
ave

[
. »
% )

X

'Eﬂ

Screening Analysis Optimization Analysis Correlation Analysis

Determine input factor impact and Determine design parameters fall within Determine combination of variables to

influence in a design space the required design envelope correlate a thermal model to test data

* Calculates average impact each input  * Selects random input combinations, * Produces input factor combinations
factor has on an output response within a defined range, to produce to yield desired output responses

« Plots a Pareto chart-style bar graph single output response points within user-defined test parameters
comparing output sensitivities to * Plots points of output responses and * Populates a table of possible input
input factors produces a Pareto Front combinations and determines best

performing results
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(( How to use a ROM

VERITREK EXPLORATION TOOL

Uncertainty
Quantification

Uncertainty Quantification A‘-nalvsis

Determine the uncertainty of a model

* Calculates the statistical likelihood of
key output responses falling within a
defined range

* Plots the distribution of results for a
selected output response over a
range of input factors

@REDWlREVERlTREK( wWww.Veritrek.com 14



Demo

VERITREK EXPLORATION TOOL

. VERITREK(
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Case Studies
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(( Momentus: Vigoride

CUSTOMER SUCCESS STORY
BATTERY T_Max

Veritrek provided insight into confident design decisions

Veritrek helped close the .- w

PCM thermal design prior - ‘
to CDR and allowed for = ,‘
early investigation into

future mission planning.

ROM Profile:
* 7 Input Factors

I
k!

* 28 Output Responses
* 212 training runs

ROM Prediction Result
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Veritrek enabled more in-depth correlation of thermal testing

=

Ambient
Shroud

B

Ambient to Intermediate ]'
Transition Piece

Some elements I |nt:-rm-cdwatc -
hidden for clarity Shroud (Green)

Cryo Area Inside
ML (Pink)

|
Connection to Cryo
| cooling system

“Each ROM creation and
correlation effort took 1 to 2
days, an effort that would have
taken 3 to 4 weeks using
traditional guess-and-check

| approaches.” TFAWS 2021.

ROM Profile:
* 16 Input Factors
17 Output Responses

* 208 training runs

Ball Aerospace: IRAD

NEW CUSTOMER SUCCESS STORY

Cryo_Temp_1T_Mean Test Results
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(( NASA JPL: Mars Helicopter Thermal Design

Veritrek enabled evaluation of thermal design sensitivities

—_— : ROM Profile:
6 Input Factors
36 Output Responses
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ROM Prediction Results
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CUSTOMER SUCCESS STORY

BATTERY T_max (C)

. 5 Ideal ROM fit

-’ — Threshold of 1

# 144 Test Points
Mean Res. =-0.191
Std. Dev. Res. =1.394

1 6 11 6 21 26 31 36

Measured Thermal Desktop® Model Results
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SOFTWARE INFORMATION
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(( Conclusion

VISIT WWW.VERITREK.COM FOR MORE INFORMATION, CASE STUDIES, AND PUBLICATIONS

Start your 30-day free trial of Veritrek

* Current Version: 4.3.1 supports compatibility with Thermal
Desktop up to 2024 R2

* Coming soon in 2026! Version 4.4.0 will support compatibility
] ) Monday 3:00-5:00 pm
with Thermal Desktop versions 2024 R1 through 2026 R1 Madison Boardroom

o Developmental version available upon request

Hands-on Session

e Contact Jamie.Eyre@rdw.com for more information and to
request your free trial
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