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&? Background: Correlation Problem

« Correlating large models has a reputation for being slow.

« Parameters are methodically adjusted until model predictions match test data
within an allowed error.

Calculate RMS error

2
Run model Y11 (Teest@ — Tmodet(i))
ATrms = n

Change parameters (e.g., contacts, e*s)
Fix errors (e.g., missing contacts)
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Volatiles Investigating Polar Exploration Rover
(VIPER) TVAC in September - October 2024.
VIPER Integrated Thermal Model (ITM)

correlation needed to be parallelized to meet
schedule.

Correlation Problem: VIPER ITM

Large model (no reduced order model)
Long run times 10-40 minutes (pre-test)

Model in work: updates to improve its fidelity
overlapped with correlation timeline External

Thermal Radiant Heat Enclosure (TRHE)
correlation overlapped with ITM correlation window Internal

VIPER ITM Thermal Desktop Model

Nodes: 20,019

Submodels: 97

Contacts: 1,327

Heaters & Heat loads: 186

Sensors to Correlate: 141

People (full time): 14 (8)

Points to Correlate: Hot & Cold Thermal Balance
Time allotted: 22 weeks

H H H O H O H R

VIPER in TVAC support structure and TRHE TFAWS 2025 —August 4-7, 2025



Outline

* Correlation Problem

« Solution Overview: Veronica
« Creating Breakout Models

* Results

« Correlation Time Survey
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»” How to Parallelize ITM Correlation? Introducing Veronica

 New model correlation approach developed by VIPER thermal team.
« Specifies how multiple analysts can perform most correlation activities in parallel.
* Veronica's Key idea:

— It is possible to split an ITM into smaller breakout models — each corresponding to a particular thermal
zone that is mostly independent of other thermal zones.

— Each breakout model can match the ITM’s predictions, within a small error, and be used for correlating

components within its thermal zone.
==boundar

==="boundary

I boundary

, > -boundary

boundary

boundary
|
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»’ How to Parallelize ITM Correlation? Introducing Veronica
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 Why can we use breakout models?
— Observation #1: VIPER has several different ‘thermal zones’ that are mostly independent of each other.
— Observation #2: If component A is not a significant contributor to component B's thermal balance, then
the accuracy of A’'s temperature is not that important when predicting the temperature of B.

{ Example: 0.4% heat leaving MSOLO goes to its MLI. A 25-35C drop}

in MSOLO MLI - ~3C drop in MSOLO temperatures.

——boundar

= boundary

I boundary

I > - boundary

boundary

boundary
|
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j@ Veronica Overview

Steps (some may overlap)

—
#0: Correlate Test Env.

\ 4

#1: Split ITM into Breakout Models —1

#2: Correlate key components
in each breakout model

\ A 4

#3: Update ITM

\ 4

#4: Are all error yes
targets met

'

Done!

. no
#5: Re-correlate breakout models with key components

whose error targets are not met, after updating any
boundary conditions set to I'TM predictions.

a
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Correlation Problem
Solution Overview: Veronica
Creating Breakout Models
Results

Correlation Time Survey

Outline
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&& Veronica Overview: Creating Breakout Models

« Breakout models are cut-down ITM copies.
Step #1: Group components together into mostly independent thermal zones.

TFAWS 2025 — August 4-7, 2025 12
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(@ Veronica Overview: Creating Breakout Models

Step #2: Cut-out ‘unimportant components’ the model until it runs fast enough.
* Replace cut components with boundary conditions set by uncorrelated ITM.
* Verify predictions agree with the ITM.

boundary boundary
boundary boundary

- boundary

Step #3: Define boundary conditions using test data and/or uncorrelated ITM
predictions.

TFAWS 2025 — August 4-7, 2025 13



Veronica Overview: Creating Breakout Models

~

Important Components:

1. Account for the top ~98% of the heat into or out of key components.

2. Act as reflectors/blockers of radiation between the key components and their
N radiation environment. Y

Example: Wheel Well Breakout Model & Sorted Output of SINDA Subroutine Submap

Hot Thermal Balance
A SUBMAP OF THERMAL SUBMODEL WHEEL_MODULE

AVERAGE DIFF/ARIT TEMP. 51.529 (DEG)

AVG. BDY/HTR NODE TEMP. = (NONE)  (DEG)

TOTAL CAPACITANCE = 17869 (EMERGY/DEG)

TOTAL HEAT RATE IMPOSED = 0 (EMERGY/TIME) Sum 96.45 97.86

TOTAL HEAT TO INTL BDYS. = 0 (EMERGY/TIME) SUM 98.2 99.48

SUBMODEL TYPE AVG TEMP. LIN/TIECOND HEAT RATETO RAD.COND. HEATRATETO TOTAL COND. TOTALRATE total rate out total rate in % Out % In
' |SPACE THERMAL (NONE) 0 0 0.1423 88.827 0.35444 88.827 88.827 0 94.12 0
.|TV_RAD_ENCL_STBD THERMAL 111.06 0 o 0.0441616 -37.51 0.4562 -37.51 0 37.51 0 L
C|TV_RAD_ENCL_BTTM THERMAL 65.97 1] o 0.31964 -27.824 2.7761 -27.824 0 27.824 0 23.43

TV_RAD_ENCL PORT THERMAL 72.9 0 o 0.097658 -14.768 0.91143 -14.768 0 14.768 0 15.65
-|TV_RAD_ENCL_AFT THERMAL 69.23 0 o 0.0781323 -6.2872 0.71682 -6.2872 0 6.2872 0 6.66

TV_RAD_ENC THERMAL 58.26 1] o 0.0254243 -5.9559 0.21842 -5.9559 0 5.9599 0 32
+ |[STRUCTURE_LOWER_CHASSIS THERMAL 52.58 12.967 2.2323 0.058946 -0.0297921 13.448 2.2025 2.2025 0 2.33 0
' 'WHEEL_MODULE_STEERING_MOTORS THERMAL 54.52 98.248 -0.91587 0.000380693 -0.00363376 98.251 -0.91951 0 0.91951 o 0.97
|| SOLAR_PAMNEL_STRED THERMAL -11.79 ] 0 0.00476169 0.86518 0.0331745 0.86518 0.86518 ] 0.92 0

MLI_LOWERSTRUCTURE THERMAL 53.67 ] o 0.37664 -0.61341 3.1435 -0.61341 0 0.61341 o 0.65
|| TV_OVERHEAD_STRUCTURE_CROSS_BARS THERMAL -126.76 o 0 0.00059307 0.35209 0.00205152 0.35209 0.35209 o 0.37 0
. |HAZ_CAMERA THERMAL 40.8 o 0 0.00193343 0.22056 0.0149249 0.22056 0.22056 o 0.23 0
. |MLI_FRONT_PANEL THERMAL -14.53 1] 0 0.000544641 0.21565 0.00285431 0.21565 0.21565 1] 0.23 0

total rate out; total rate in;
% OUti = % 1 n; =

Y. total rate out; Y. total rate in; + total heat rate imposed
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VIPER ITM had 9 breakout models

Veronica Overview: Creating Breakout Models

Breakout Model % of Heat Flow Captured | RMS Error °C to ITM* | Approx. SINDA Runtime
Forward Heat Spreader, Aft Heat Spreader,
Warmbox Port Heat Spreader, Starboard Heat >99% 013, AL 2e ~1 minute
Spreader, and their Avionics
Mid-Upper :
Solar Panels, Aft Cameras, Star Tracker >99.2% 0.5, 0.06, 0.1 ~4 minutes
Components
SEEELE I(_Zigm:ras A 4 Hazard Cameras, 6 Hazard Lights >98%" 0.1+ 0.8H ~6.5 minutes
H
MSOLO and NIRVSS MSOLO and NIRVSS science instruments >99%" 2320 ~10.5 seconds
GimbalMast ~ C©'MPal Communication Motors, Navigation >99% 0.85", 1.98¢ ~2.5 minutes
Motors, and Navigation Lights
0, 0,
NSS NSS (enclosed in the Front Panel MLI) b >9iﬂfliront Pl 0.4 ~6.5 minutes
H
Batteries Aft Battery, Forward Battery >95% ggc ~30 seconds
Wheel Well Wheel Module, Mobility Module >98% 0.12 ~4.5 minutes
0, 1 0 H
External Bottom Rover kits, Rover release mechanisms >97% of rf]ls:tt(ljr:;:% Y6 of égc ~2.2 minutes

% of heat flow captured = min of all key components in breakout model

ley component’s submodel—-submodels in breakout model

Z ley component’s submodel-submodels in ITM

*Unless otherwise noted (1) the RMS error is the highest error out of the cold and hot thermal cases, and (2) the percent of heat flow captured is the lowest out of each key
component for both the cold and hot thermal balance cases. H Designates hot and € cold thermal balance.

TFAWS 2025 — August 4-7, 2025
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(@ Example: Breakout Model Boundary Conditions

« Boundary surface temperature
= TVAC sensor’s value:
— Change node directly

— Connect surface to a boundary

node with a high conductor ‘
Warmbox MLI Boundary

« Boundary surface temperature = a
= offset + TVAC sensor’s value: T

TNode = TNode ITM run ~— SENSOR—TC#ITM run + TC#TVAC

i
<8 }‘; 2 / : \ : .:'A
‘t b Bl / d :
\ ] ":‘{'- T“ / ".3‘ .d‘
Y NG W
of fset ey ¥ "
o Structure Frame: Boundary

Boundary set to uncorrelated
ITM predictions
— No TVAC data available

TFAWS 2025 — August 4-7, 2025 16



Correlation Problem
Solution Overview: Veronica
Creating Breakout Models
Results

Correlation Time Survey

Outline
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Results:

Steps (some may overlap)

—

‘ #0: Correlate Test Env. I—
r Completed #1 — 4 by

‘ #1: Split ITM into Breakout Models I— March 2025 deadline

A 4

-]

#2: Correlate key components
in each breakout model

=|| #3: Update ITMI

#4: Are all error yes
targets met

— Done!

no

#5: Re-correlate breakout models with key components
whose error targets are not met, after updating any :
boundary conditions set to I'TM predictions.

TFAWS 2025 — August 4-7, 2025 18
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Results: Implemented Changes from Breakout Models

 Qverall RMS errors 9.99C Cold & 7.44C Hot
« Small increases in error from breakout models to ITM
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Improvement in Correlati
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Results: Improvement in Correlation

. Model correlatlpn S|gn|f|c§1ntly Cold Thermal |, - oo
Improved after incorporating changes Balance
from breakout models correlation. 37 key

; components

* Changes included:
— Updated power dissipations Pre-Correlation| 35%  65% 32% | 22%  46% 27%
— Added missing contactors ?er_lrzlated 43% 62%  35% | 16% 51%  19%
— MLI ¢* adjustments Post

. . . 54% 81%  54% |65% 89%  59%

— Contact resistance adjustments Correlation

— Sensor location adjustments

— Updated LHP and CCHP
condensing/evaporating constants

— Node refinement of solar panels and
FWD heat spreader

« “Sustainment Team” phase will look
at further improving the correlation.

TFAWS 2025 — August 4-7, 2025 22
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@ Correlation Time Survey

* Model correlation has a reputation for being slow, but how exactly slow is it?

* Polled thermal community for model correlate times and model parameters.
— 16 responses + 11 VIPER models

TFAWS 2025 — August 4-7, 2025 23



Correlation Time Survey
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Not Shown: JWST Core: 12.9 weeks (~3 months) manual correlation*

1.E+10 : :
Orion Crew and Service Module \. VIPER ITM - overlapping TRHE
correlation time (13 weeks)

LE+09 Europa Clipper (2024) \- Mars 2020 Stacked Vehicle
] , with Simulated Rover (2019)
2 1.E+08 NISAR instruments & Reflector —-h / [Miller et al. 2022]
£ Mars 2020 Rover (2019-2020 ] - 1
S 1LE+07 ars over ( - ) i
++ " n
X Py |
o 1.E+06 - | \
3 = e . \ ; Sage III ISS Payload
% 1E+05 ¢ . MMPACT terrestrial arm [Amundsen et al. 2017]
I VIPER TRHE
1E+04 | o : ?
> ~3 months
1.E+03 !
0 2 4 6 8 10 12 ¢+ 14 16 18 20 22 24
Approximate Correlation Time (weeks)
e VIPER Breakouts = Survey ——VIPER ITM
*JWST core semi-automatic correlation
24

took 2 weeks [Cataldo et al. 2017] TFAWS 2025 - August 4-7, 2025
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Correlation Time Survey

VIPER ITM - overlapping TRHE correlation time (13 weeks) Orion Crew and Service Module

1.E+16 1.E+16
'c% 1.E+14 -c% 1 E+14 ) NISAR instruments & Reflector
@ : a e
S 2 1E+12 . . 2 5 1LE+12 *
%3 * g
x & 1.E+10 o . < GLEXI0 - .\
[%p) e o +—
S % 1E08 o, " R g 5 LE+08  *
+—) [75) " ®
S8 : .- Sage INISS S S1p405 , - " VIPER TRHE
2o LE06 & . Payload R
y . o L 1.E+04

<5} »n T L
o T 1.E+04 R
3 S 1E+02
= 1.E+02 ETN
1.E+00
1.E+00 0 5 10 15
0 5_ 10 _15 _ 20 25 Approximate Correlation Time/ Full Time People
Approximate Correlation Time (weeks) (weeks/person)
e VIPER Breakout Models = Survey e VIPER ITM e VIPER Breakout Models = Survey & VIPER ITM

# Sensors N/A: Europa Clipper, & Mars 2020 Models

# Conductors N/A: JWST Core TFAWS 2025 — August 4-7, 2025 25
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&? Example breakout models:

STBD

Hazard Cameras and Hazard
Lights Breakout Model, inside
view (center), top view (right).

Fwd Aft

Port

MSOLO and NIRVSS
Breakout Model

Warmbox Breakout Model. MLI
(left image) surrounds heat
spreaders (right image) which
are connected by CCHPs (in
light blue) and cooled by LHPs
(dark blue).
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