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SATELLOGIC’

| Corporate Presentation
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COMPANY OVERVIEW

25+ years developing
technology and tech
companies, including
Core Security
Technologies, Garage
Lab, and Aconcagua
Ventures as well as
consulting for
corporations and
government agencies.

25+ years leading
technology labs
and research
teams,
co-founding tech
firms as well as
consulting for
enterprise tech and
governments
agencies

PROVEN
LEADERSHIP

GLOBAL A HIGH THROUGHPUT
PRODUCT DELIVERY

PLANT
FINANCE + BUSINESS b ATFORM & SOLUTIONS 4

T P T DEVELOPMENT & SALES 5 ———2-M=20L- 0 Rotterdam
F R I N USAHub BarcEopg

Founded in 2010

5 400+ member
distributed team across
10+ countries DEVELOPMENT TEAM
ordona. A\ PILOT PLANT

SATELLITE R&D + MISSION OPERATIONS 4 'onevidee
Buenos Aires.







OUR FLEET

» 34 satellites launched
26 operational satellites in orbit

> 100% satellite deployment
success rate

A history of success and technological evolution

>

May 2016 Jun 2017 Feb 2018 Jan 2020 Sep 2020 Nov 2020 Jun 2021 Apr 2022 May 2022

Fresco & MilaneSat Ada & Sophie & Hypatia Alice, Caroline, Rosalind, Annie Mauder, Alice Lee
Batata NewSat 3 Maryam Marie NewSat 6 Cora, Dorothy, Grace, Elisa & Kalpana Chawla, Edith Clarke
NewSat 182 Mark Il NewsSat 485 NewSat 788 Mark IV-A Emmy, Hedy, Sofya Maria Telkes, Margherita Hack
Mark | Mark Il Mark IV-A/B Katherine, Lise, NewSat19-22  Mary Sommerville, Ruby Payne-Scott

Mary & Vera Mark IV-E Sally Ride NewsSat 28-31
NewsSat 9-18 NewSat 23-27 Mark IV
CubeBug-1 CubeBug-2 BugSat-1 Mark IV-B/C Mark IV and Mark V/

Capitan Beto Manolito Tita
April 2013 November 2013 June 2074 48

3 prototypes launched and tested successfully ; o



SATELLOGIC

Located in Zonamerica, the first Free Trade
Zone in Uruguay

833 sq mt manufacturing plant Class
100,000 / ISO 8 cleanroom Lean
Manufacturing Methodology

ASSEMBLY, INTEGRATION & TESTING

By Q3-2023* e



SATELLOGIC OUR SATELLITES

®° : ‘e We reinvented the satellite from the ground up to
create a smaller, lighter, and more cost-effective
system that can be produced at scale without

@ . compromising image quality. Our constellation
L4 \d . . . .
. . delivers diverse, rich geospatial data at unmatched
. & frequency, resolution, and cost.
= Mulspctrl 1 » Multispectral and Hyperspectral cameras
= e o » Full-Motion Video capability
. 3
c > Off-nadir capturing with +/-25° angles

100x more cost-efficient than traditional satellites

Hyperspectral

Camera
29-band,

¢ .‘ 25m resolution

Hosted Payload
Bay

Experimental and
commercial sensors

CAPTURE MODES

Obllque
Stripes Stripes Spotlight Tiles

Louisiana, USA

NewsSat Design: MASS: ~40 kg | LEO SSO: ~475 km | LIFETIME: 3-4 YEARS



OFFERING PORTFOLIO

SATELLOGIC

Al LAYERS DEDICATED
SATELLITE
Planetary-scale
insights CONSTELLATIONS
Satellite-as-a-service '
* HOSTED',

o IMAGERY

High-resolution
global captures

PAYLOAD -«

°
Third-party sensor and.
hardware testing




SATELLOGIC TECHNOLOGY AND PRODUCT ROADMAP

We plan to leverage our cost advantage for continuous
capacity growth beyond weekly remaps

SATELLITES 17 34 63 139 202
IN ORBIT

SATELLITE
CHARACTERISTICS 0.99m 0.70m 0.40m 0.30m

(GSD RESOLUTION) at 470 km at 470 km at 440 km at 330 km

DAILY REVISITS

OF POINTS OF 4 7 13 28 40
INTEREST

PRODUCT DSC Data Weekly Daily
Ll Platform World Remaps World Remaps




SATELLOGIC’

Thermal Design Flow based on the use
of a Space System Thermal




Thermal Design Flow

REQUIREMENTS

Thermal Requirements
Analysis Cases Requirements
Thermal Mathematical Model
Requirements

Expert

Partner
X-Plan

Ingenieria Colaborativa

ANALYSIS VERIFICATION

Simcenter 3D

SATELLQGIC
Thermal Design
and V&V Flow

IN ORBIT VALIDATION
We replace the concept of Thermal Model (TM) by the Flight Thermal Model Concept (FTM)

Constant Telemetry Feedback

Digital Industries Software

SIEMENS

SATELLOGIC
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Thermal Requirements

Expert

Partner
SIEMENS

Sigital Industries Software

REQUIREMENTS

Thermal Requirements ANALYSIS VERIFICATION

Analysis Cases simcentar3D o THERMAL
Requirements SATELLAQG Ic REQUIREMENTS
Thermal Mathematical Thermal V&V Flow

Model Requirements

SATELLQGIC
IN ORBIT VERIFICATION REQUIREMENTS
Flight Thermal Model Concept
(FTM) THERMAL THERMAL

Constant Telemetry Feedback ANALYSIS CASE MATHEMATICAL MODEL

REQUIREMENTS REQUIREMENTS
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Thermal Requirements

Expert
Partner

SIEMENS
REQUIREMENTS -,
/ ANALYSIS VERIFICATION o

Thermal . THERMAL Digital Industries Software
Requirements SATELLOGIC REQUIREMENTS
Analysis Cases Thermal
Requirements V&V Flow
Thermal \
Mathematical SATELLOGIC
Model REQUIREMENTS
Requirements

IN ORBIT VERIFICATION SATELLAOGIC

Gt T AFT

g:::;r:k Telemetry Table

Simcenter 3D
Simulation
Object Reports
Case Device Group Report Name Time Time AFT AFT Min Max Design Design Pass Cold Pass
Cold Hot min max Temp Temp Margin Margin Hot
700012_m1Yp_0930_JS_034 Ramon TRP_Comms_Ramon 3565 66.2 -27.7 -34.2 93.9 ok!

The AFT Table will be used to verify the requirements by analysis comparing the simulation object report
temperature Vs. the AFT Table automatically
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Thermal Analysis Cases Requirements

REQUIREMENTS

Thermal
Requirements
Analysis Cases
Requirements
Thermal
Mathematical
Model
Requirements

ANALYSIS VERIFICATION

SATELLQGIC
Thermal
V&V Flow

SATELLQGIC

REQUIREMENTS
THERMAL

IN ORBIT VERIFICATION
Flight Thermal Model REQUIREMENTS
Concept (FTM)
Constant Telemetry
Feedback

Satellite Constellation

LTDNs

Annual
Maneuvers Seasons

Environmental

Simposio de Te

336
Thermal Analysis Cases

SATELLOGIC

336
Cases

Environmental
Constants

Constellation

LTDN

Expert

Partner
SIEMENS

“lIndustries Software

SATELLOGIC



Thermal Model
Requirements
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Subsystems

OPTICAL PROPERTIES

+ Coatings

+ Surfaces termination
« Paints

ML

SURFACES THERMO

Simcenter 3D

/

THERMO PHYSICAL
PROPERTIES

.

SIMULATION
OBJECTS/ HEAT LOADS

* boited Interfaces

* Heaters

+ Temperature Sensors,
+ heat pipes

. etc

TMM

THERMAL MATHEMATICAL
MODEL

N THERMAL
GEOMETRICAL
™ MODEL FEM

L THERMAL

SIMULATION

|
v

MODEL INPUT FILE
XML

THERMAL MATHEMATICAL
ot

|
v

POWER

DISSIPATION

+ TEMPERATURES
* HEATING POWER

+ THERMAL GRADIENTS

[

|

Satellite Power
Sequence .xIsx

Satellite Architecture

Satellite Geometry

Modules layout

Satellite System

Satellite Operational

Tool
SATELLQGIC

Modes
SATELL O GIC Time and operation
sequence
Sun & Planet Vectors Orbits

Satellite AOCS Modes

AFT Table

Post Processing Tod
SATELLQGIC
Fulfilled?

Valid Design

—

[Satellite Power Balance,

+ New coniiguration
+ Operation time review
- Requirement Deviation

Expert
Partner

Digital Industries Software

SIEMENS

SATELLQGIC




Power Sequence Tool

Satellite

Satellite Subsystem
Power dissipation
Satellite Operational
Modes and sequence

Simcenter 3D

Satellite Power Power & Sequence Definition
Sequence .xIsx
Excel File

0 input for the
SATELLOG'C Power Sequence X E

Tool

Power & Sequence Tool
Xlsx to .xml file

XML
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Expert
Partner

SIEMENS

Digital Industries Software

SATELLOGIC



Sun & Panet Vectors Tool

Expert

Partner

Satellogic AOCS Module SIEMENS

Digital Industries Software

Satellite Sun & Planet Vectors for
differents satellite Maneuver

Simcenter 3D

Sun & Planet Vectors Sun & Planet Vector Tool
Tool AOCS Tool to Maya input file

SATELLOGIC

= XML

Maya input file to Maya Solver

-Maya HTT

-
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h

Orbit Telemetry to Space System Thermal Tool

(1) [ ot

time (uc)lSun-X (mm) * [ Sun-Y (mm) ‘ISun-Z (mm) * l Planet-X (mm) ‘IP'IHII'V (mm) * I Planet-Z (mm) * IAlﬁtudl (mm)[

Satellite >
Telemetry S/\TELL‘OGIC
@ N

Earth - Satellite
position vector

SPICE toolkit

ttps://naif.jpl.nasa.gov/naif/
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Earth - Sun
position vector

0
60
120
180
240
300
360
420
480
540
600

3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10
3.60E+10

-1.30E+11
-1.26E+11
-1.20E+11
-1.15E+11
-1.09E+11
-1.02E+11
-9.47E+10
-8.71E+10
-7.92E+10
-7.10E+10
-6.24E+10

7.20E+10
8.05E+10
8.87E+10
9.65E+10
1.04E+11
1.11E+11
1.17E+11
1.24E+11
1.29E+11
1.34E+11
1.38E+11

-6.19€+06
-6.94E+06
-8.96E+06
-8.21E+06
-1.14E+07
-1.24E+07
-1.33E+07
-1.53E+07
-1.55E+07
-1.73e+07
-1.77e+07

9.52E+07
1.81E+08
1.81E+08
1.82E+08
1.81E+08
1.80E+08
1.85E+08
1.86E+08
1.86E+08
1.86E+08
1.86E+08

6.88E+09
6.88E+09
6.88E+09
6.88E+09
6.88E+09
6.88E+09
6.88E+09
6.88E+09
6.89E+09
6.89E+09
6.89E+09

5.27€+05
5.26E+05
5.26E+05
5.25e+05
5.25E+05
5.24E+05
5.23E+05
5.22E405
5.21E+05
5.20E+05
5.18E+05

Table 1: Sun & Planet Vectors defined with Cartesian coordinates in the satellite local
reference system

Time (UTCG)

20 Mar 2020 12:00:00.000
20 Mar 2020 12:01:00.000
20 Mar 2020 12:02:00.000

Latitude (deg)

0.000000
3.7e6901
7.413134

Longitude (deg)

157.500000
156.745111
155.986019

32000-x (km)
-6360.974874
-6321.520082
-6255.446903

Table 2: Epoch, latitude, longitude, and satellite position in J2000 ECI

32008-y (km)  12000-z (km)
2869.188618 12.301381
2919.005468 460.631178
2956.533849 907.021295

Expert
Partner

SIEMENS

Digital Industries Software

Orbital Heating
(:xml)

Orbit Visualizer

SATELLQGIC


https://naif.jpl.nasa.gov/naif/

Requirements Validation Processing Too

GroupReport.csy file
to Excel Table

Expert
Partner

SIEMENS
L]
Maya HT T==
Requirements
Validation
Table
Reporting
Design Margin X E
for each
Simulation
Post Proce‘ssing Tool
SATELLOGIC
Fulfilled?
Case Device Group Report Name Time Time AFT AFT Min Max Design Design Pass Cold Pass
) Cold Hot min max Temp Temp Margin Margin Hot
700012_m1Yp_0930_JS_034 Ramon TRP_Comms_Ramon 1027 3565 0 66.2 -27.7 -34.2 93.9 ok!

The AFT Table will be used to verify the requirements by analysis comparing the simulation object report

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05

temperature Vs. the AFT Table automatically

SATELLOGIC




SATELLOGIC

Ln Orbit Verification & Validation
trategy
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In Orbit Verification & Validation Philosophy

SIEMENS

ANALYSIS VERIFICATION

M e 26 Operational satellites

IN ORBIT VALIDATION ’ ’ ’ ’ ’ i '

We replace the concept of Thermal Model (TM) ’ ’ ’ ’ ’ FTM Flight thermal Model
by the Flight Thermal Model Concept (FTM)

Constant Telemetry Feedback ’ ’ ’ ’ ’

REQUIREMENTS

Thermal Requirements
Analysis Cases

Requirements -
Thermal Mathematical SATELLL GIC
Model Requirements Thermal V&V Flow
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In Orbit Verification & Validation Philosophy et

Partner

SIEMENS

REQUIREMENTS ANALYSIS VERIFICATION DigitalIndustries Software

Thermal Requirements
Analysis Cases

Requirements SATE LLA(‘ GIC

Thermal Mathematical
Model Requirements Thermal V&V Flow

FTM
Flight Thermal
Model Concept

IN ORBIT VALIDATION
We replace the concept of Thermal Mode
by the Flight Thermal Model Concept (FTM)
Constant Telemetry Feedback
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In Orbit Verification & Validation Philosophy e

Partner

SIEMENS

Space Laboratory - No TVAC Test in the AIT Flow Space Laboratory - FTM Flight Thermal Model Concept igial nustiesSofvte

No TVAC Test in the AIT Flow allows us: Using the Space as a Laboratory allows:
Decreasing the cost per Satellite Fast Design interaction with Flight
Increasing the velocity of production Increasing the Technology Push
° Cheaper FTM Strong TMM models and Thermal Engineering
Test New Thermal HW
Constant Research

Experimental TVAC between Launches

Q12022 Q22023 Q32023 Q12024

MK4G FTM MKSC FTM

6 MK5C 6 MK5C

4 MK4 4 MK5C

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05 SATELLO GIC



SATELLOGIC

Space Systems Thermal CAD, FEM
and SIM files flow
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Thermal Model Requirements Implementation. Files and procedure.
*Introduction*

Parameters Management

CAE Thermal Discipline

SIEMENS

Thermal_Couplings.xIsx

A

A4

CC.exp

Thermo_Optical_prop.xIsx

A

Y

TO.exp

PW_Condition_Sequence.xlsx

A 4

A

PW_Seq.xml

Allowable_Flight_Temp.xIsx

Y

Global _Parameters.prt

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05

______________

Module 1

M1 _p1.prt
M1 _p2.prt
M1_ASM.prt

Module 2

Sat. Level

M2_p1.prt

M2_p2.prt

M2_p3.prt
M2_ASM.prt

Sat_ASM.prt

Module 3

M3_p1.prt

SATELLOGIC



Thermal Model Requirements Implementation. Thermal Couplings.

Parameters Management | CAE Thermal Discipline

CAD Mechanical Discipline

fl Thermal_Couplings Xisx

Sy

Thermo_Optical_prop.xisx
=
PW_Condition_Sequence.xisx ||

e ]
Allowable_Flight_Temp.xsx ~|!

Global_Parameters.prt | f Material_Library.xml

Module 1

Th,e!ma_l DQoupIi;ngs Log

Mi_pt.prt
M1_p2.prt
M1_ASMprt

Module 2

W22 prt
M2,

&

Thermal ¢

tor

H 1

Caloulus memory

daptor

Couplin

' Insceurseyfactor Inaccuracy
) Cold morss ot

CC_FS_F55_25UPK2
CC_FSS_F35_23U0PK2
I FSS_ESS 28 PX2.
Header | 1tintroduction | 2.couplings | 3.detail | 4material | Sformulas

B

| e e

oo b o o o

0.488 [4C/WICC_STR_ICFT_amc=0 ds3510071140524
0,140 [4C/WICC STR_ICFT 26¥A=0.139867904641379

Value  Units  Reference
- cAD

2- CAD[notusedtoc

025 mm with out shim, asst
07 hm 1-00-04-(

CAD (potusedtoc

6700 (Wim-diR_ CAD (notusedtoc

95 mm

5600 i 2-

0.376 (dCt) ¥ Caloulated
Value  Units  Reference
4 mm aie
i
Cat
A itm-o.
555 [Wim-dC]
2266 [Wim-dC]  Caloulated
150 fim Copyof Screw Tor
16 mm AD
5027 mai2  CopyofContactA

6762 Win2-dC  Caloulated
Caleulated

TACT FOR EACH SCREW
a

12 () Caleulated

0376 LACIWICC BAP 1

)

25,590 [dc/wICC_8ae 1

A1 6061T6 - Windform
K1

12
6.PCBS K ®

Value  Units  Reference
3 mm can
07 m
3- cAD
2000 w2

[Wim-dC]  CAD, "d material”
[Wim-dC]  CAD,"d materal":
[Wim-dC] "4 material” Sheet

160 [Wim-dC]
1 IulimedCl

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05

SIEMENS
CC.exp file
Digialndust
s Summary
[ldc/wlcc_STR_1CFT_2Mc=6.483519071140524
[dC/W]CC_STR_1CFT_2FLYA=0.139867964641379 o P Q
[dC/W]CC_STR_1CFT_2TK_SUP=1.73629197485849 &

1 [dC/W]CC_STR_1CFT_2ATTR=0.2472297902008 Model #1 (Detailed)

4 [dC/W]CC_MIC_1MSTG_2PZT=2.26072362346442 i s i
[dC/W]CC_MIC_1FSTG_2MOT=4.2441230502321 :
[W/m-dC]CC_MIC_1FSTG_2STRIP=1.43478260869565 By 3 E=
[dC/W]CC_MIC_1STG_2RAIL=0.425638615551834 g2 z £

9 [dC/W]CC_MIC_1RAIL_2RAIL=5.91426 g* & i§ &2

3 [dC/W]CC_MIC_1FSTG_2ENCH=14.0909080565659 ] )

4 |cC_STR_1CFT_3 [dC/W]CC_MIC_1STG_2ENCI=5.54847309776768 1 0.484 [dC/W]CC_STR_1CFT_2MC=0.483519071140524

RN Nl e il e e o

7 |cC_STR_1CFT_3 [dC/W]cc_MIC_1MSTG_X_2TA=6.1@8901256639182 1 0.247 [dC/W]CC_STR_1CFT_2ATTR=0.2472297902008
[dC/W]CC_MIC_1MSTG_X_2TA_S2p1=0.117178842128528 1 2.261 [dC/W]CC_MIC_1MSTG_2PZT=2.26072362346442
[dC/W]CC_MIC_1TA_2PCB3=82.3104853046586 1 4.244 [dC/W]CC_MIC_1FSTG_2MOT=4.2441230502321
[dC/W]CC_MIC_1TA_2VIT .31998137324886 1 1.435 [W/m-dC]CC_MIC_1FSTG_2STRIP=1.43478260869565
[dC/W]CC_MIC_1TA_2GMAX=1.23415039920392 1 0.426 [dC/WICC_MIC_1STG_2RAIL=0.425638615551834
[dC/W]CC_MIC_1BASE_2FSTG_Z=0.426872457951268 0.394 5.914 [dC/W]CC_MIC_1RAIL_2RAIL=5.91426
[dC/W]CC_MIC_1BASE_2MSTG_Z=14.9828153564319 1 14.091 [dC/W]CC_MIC_1FSTG_2ENCH=14.0909080565659
[dC/W]CC_MIC_1SUP_2BASE=5.61172586888283 1 5.548 [dC/WICC_MIC_1STG_2ENCI=5.54847309776768
[dC/W]CC_MIC_1FLEX_CABLE 2CONN=15.1983051886687 0394 0427 {gc;w}CciMIC71FSTGJMSTG=O.425872457551268

Sy - = 1 0.109 [dC/W]CC_MIC_1MSTG_X_2TA=0.108901256639182
[dC/w]CC_PCB3_1U4_J_2U4 B=6.14 1 0.117 [dC/W]CC_MIC_IMSTG_X_2TA_S2p1=0.117178842128528
[dC/w]cC_PCB3_1U7_C_2U7 B=7.3 1 82.310 [dC/W]CC_MIC_1TA_2PCB3=82.3104853046586
[dC/W]CC_PCB3_1U6_C_2U6_B=2.56410256410256 1 3.320 [dC/W]CC_MIC_ITA_2VITA=3.31998137324886
[dC/W]CC_PCB3_1U20_C_2U20_B=3.15581854043393 1 1.234 [dC/W]CC_MIC_1TA_2GMAX=1.23415039920392
[dC/W]CC_PCB3_1U16_C_2U16_B=19.7120949074074 0394  0.427 [dC/W]CC_MIC_1BASE_2FSTG_7=0.426872457951268
[dC/W]CC_PCB3_1U25_C_2U25_B=19.7120949074074 1409 14.983 [dC/WICC_MIC_1BASE_2MSTG_2=14.9828153564319
[dC/W]CC_BAP_1TA2_2CUBE=0.357142857142857 1 5.612 [dC/W]CC_MIC_1SUP_2BASE=5.61172586888283

)9 [dC/W]CC_BAP_1CUBE_2TA_HP=0.37593984962406 1 15.198 [dC/W]CC_MIC_1FLEX_CABLE_2CONN=15.1983051886687

25 |cc_pca3_1us_JS [dC/W]CC_BAP_1TA2_2PCB2=23.389553296213 1 6.140 [dC/W]CC_PCB3_1U4_J_2U4_B=6.14

IR N € xjectaninrnies et S | Rl e i

28 |cc_pca3_1020 e [de/Wlcc BARZITAT 2RCB1226,5541162582583 1 3.156 [dC/W]CC_PCB3_1U20_C_2U20_B=3.15581854043393

PSRy oo [dC/W]CC_BAP_1TA1 2PCB2=496.204466024483 1 19.712 [dC/W]CC_PCB3_1U10_C_2U10_B=19.7120949074074

30 |cc_pcB3_1u2s [dC/W]CC_BAP_1PCB1_2SATA_STOF=59.650184615917 1 19.712 [dC/W]CC_PCB3_1U25_C_2U25_B=19.7120949074074

BlER LRy 55 [dC/W]CC_BAP_1PCB1_2SATA_CONN=37.5324881401078 1 0.357 [dC/W]CC_BAP_1TA2_2CUBE=0.357142857142857

32 |cc_sAp_icusg 5 [dC/W]CC_BAP_1PCB1_2PCB2_CONN=42.867777201376 1 0.376 [dC/W]CC_BAP_1CUBE_2TA_HP=0.37593984962406

EENGETERYY] =7 [dC/W]CC_BAP_1PCB1_2Q7_STOF=52.7369933508332 1 23.390 [dC/W]CC_BAP_ITA2_2PCB2=

2 dc zu
3 Line 1, Column 1

SATELLOGIC



Thermal Model Requirements Implementation. Thermo Optical Properties.

Parameters Management

CAE Thermal Discipline

CAD Mechanical Discipline

H Thermal_Couplings.xisx

GIobaLF‘arameletspr\‘ f Material_Library.xml

=y

Thermo_Optical_prop.xisx
e
[P |
Ao ]

Allowable_Flight_Temp.xisx |!

Thermo Opica

propertieslog = .

Module 1

M1 pt prt

M1 p2pit

M1_AS pit Module 2
M2 _p ot
M2 2 prt
W2_ASH pit

Module 3

M3_p1 prt

Sat. Level

—
-y
@
=
3
o

al

Stainless Steel Machined

Steel Machined
Acktar Metal Vekvet
Acktar Metal Vekvet

Descrition

s
4 eei Machined
s eel Machined
& [rctaretai veroer
6

7 Jockar et vekver

10 Sitver Cremical Vapor Deposited
11 itver cnemical Vapor Deposited

18 |atodme 12005 on Al0s1T2
15 [atodime 12005 on w0612

21 [etecraopac sot Biack oating

22| catbon Fiber Reintoces pastic 7P

25 caroon Fier Reintorcea pastic (7R

24 Rogerscuroia 3880 core (W/0 Cu il in Anvenna 8%
25 Rogers curoia 3380 core (W/0 Cu fol in Ancenna HBR
26 5ca soider sk over copperfoil

21 5cs soiterask over cogper il

Header | tintroduction
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Couping name

T0.55 Machines A
7055 Machined_E
TOVel_Biak A

7

To_Elecroseg 5014
€

TO_AT durold 5680 E
70805, A

270 properties | 3detal | @)

Unis

|Aeroglace_2306 Fiat Black
|Aeroglace_2306 Flat Black

Silver Chemical Vapor Deposi
Silver Chemical Vapor Deposi

[Aluminium_polished
- Aluminium_Polished
mm2 1 14 |Aluminium_heavily_oxidized
- mm2 | 15 |Aluminium_heavily_oxidized
s vz | 16 |Aodyne 12005 on A1202¢
o mme2 | 17 |Alodyne 12008 on AI2024
e - 18 |Alodyne 12005 on A16061-T2
0s
i orthe sof T on] 1
o i S |
oo 1
o :
oies 1
0030 ‘
o ;
o 13176 mm'2 | 24 JRogers duroid 5880 core (W/O
o] sioss mm2 | 25 |Rogers duroid 5880 core (W/O
o) 084 - 26 |Pc8 Solder Mask over copper 1}
oss e
oms 27 |Pc8 Solder Mask over copper 1}
= 059 - 28 |PcB soider Mask over core
om orthe soler<e1 2011 25 |peB Solder Mask over core
o0
e b Header
osio . trom "210_properties"
oso0 050010 K8 Lo core 08| o s a5 S rost sane

4

TO.exp file

TOs_Model#1.exp
[ro_ss_Machined_a=e.47
TO_SS_Machined_E=0.14
TO_Vel Blak_A=0.99
TO_Vel_Blak_E=0.95

TO_Aeroglace_Z306_A=0.95
TO_Aeroglace_Z306_E=0.9
TO_Silver_CVD_A=0.084
TO_Silver_CVD_E=0.82
TO_Al_polished_A=0.14
TO_Al_polished_E=0.03
TO_Al_heavily oxidized_A=0.13
TO_Al_heavily oxidized_E=6.3
TO_Alodyne_A12024_A=8.373
TO_Alodyne_Al12024_E=8.09
TO_Alodyne_Al6061_A=8.373
TO_Alodyne_Al6061_E=8.09
TO_Electrodag_501_A=0.965
TO_Electrodag_502_E=0.829
TO_Graphite_Epoxy_A=0.903
TO_Graphite_Epoxy_E=0.857
TO_RT_duroid_5888_A=8.78
TO_RT_duroid_5880_E=8.9
TO_PCB_SM_on_Cu_A:
TO_PCB_SM_on_Cu_E
TO_PCB_SM_on_core_A=0.81
TO_PCB_SM_on_core_E=0.9
TO_ENIG_A=0.23
TO_ENIG_E=0.83

TO_Invar_

TO_Invar_|
TO_Kapton_3mil_A=0.46
TO_Kapton_3mil_E=0.81
TO_Kapton_foil_on_Al_
TO_Kapton_foil_on_Al_|
TO_Black_Anodized_A=0.86
TO_Black_Anodized_E=0.86
.e1

Coupling name

heavily_oxidized_E
payne_ai2024_ A
bayne_A12024_E

_SM_on_core_E

TO_MLI_eff CFRP_E

Units

Value

Column shift >

Correction

Factor

S PO o P PO P P Y

SIEMENS

M N
Model #1 (Detailed)

Used value
Global
Param.
Formula

0470 TO_SS_Machined_A=0.47
0.140 TO_SS_Machined_E=0.14
0.990 TO_Vel_Blak_A=<0.99

0.950 TO_Vel_Blak_E=0.95

0.950 TO_Aeroglace_z306_A=0.95
0.900 TO_Aeroglace_2306_E=0.9
0.040 TO_Silver_CVD_
0.020 TO_Silver_CVD_
0.140 TO_AI_polished_J
0.030 TO_AI_polished_
0.130 TO_AI_heavily_oxidized_A=0.1:
0.300 TO_AI_heavily_oxidized_E=0.3
0.373 TO_Alodyne_A12024_A=0.373
0.090 TO_Alodyne_A12024_E=0.09
0373 TO_Alodyne_AI6061_A=0.373
0.090 TO_Alodyne_AI6061_E=0.09
0.965 TO_Electrodag_501_A=0.965
0.829 TO_Electrodag_502_E=0.829
0.903 TO_Graphite_Epoxy_A=0.903
0.857 TO_Graphite_Epoxy_E=0.857
0.780 TO_RT_duroid_5880_A=0.78
0.900 TO_RT_duroid_5880_E=0.9
0.620 TO_PCB_SM_on_Cu_A=0.62
0.840 TO_PCB_SM_on_Cu_E=0.84
0.810 TO_PCB_SM_on_core_A=0.81
0.900 TO_PCB_SM_on_core_E=0.9

2]
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Thermal Model Requirements Implementation. PW Conditions Sequence.

CAD Mechanical Discipline

Parameters Management

CAE Thermal Discipline

H Thermal_Couplings xlsx

GIobaLParametsrspn‘ @:1 Material_Library.xml

e

ﬁ Thermo_Optical_prop.xisx
Toexw

Lol :
PW_Condition_Sequence xisx
o ]

Allowable_Flight_Temp.xisx | !

B

:

T s time_sp mode
246N 14
eq UGI’]C%? e
248N 16

Module 1

M1_pt.prt
w1

Sat. Level

Module 2

M2_pt prt

M2_ASM.prt

Module 3

Az

M3 pt.prt

BA

Period

S720

- WOWC-2HB_d-LS720

MiDa-RiDa-WOWC-2HB_d-LS720

Conditions (Operational niofesied-xmi

STL-SYS-TML-ICD-XX

1 ke

MKSC_budget MaDb-RiDb-195-2HB_nxmi

version="1.8" encodin

1" name="Automatic Sequence" units="Second">

>Data Source: budget</ >
>Condition Sequence: MaDb-RiDb-J95-2HB_n</
>

></
>e</ >
>6</

></

Ja-RiDa-WOWC-2HB_d-LS720
)a-RiDa-WOWC-2HB_n-L§720
Ja-RiDa-WOWC-2HB_n-LS720

>815</
>6</

MiDa-RiDa-WOWC-2HB_n-LS720

></
>820</ >
>34¢</
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K
5 N
H £ 1
H H 4 ></
: - 4
: : 0 7 2100 Mode_10 A >
10 Mode_10 >34¢</
8 7 2850 Mode_8
E] Mode_8
_TC_non_opt” 2880 Cruise_TC_non_opt 7.
_TC_non_opt cruise_TC_non_opt ></
2 )] >880</Time>
15 7 3620 >35¢/
15
[_TC_nor_opt 4340 760 Cruise_TC_non_opt
_TC_non_opt idle cruise_TC_non_opt
3 - =l - ></
Header 1Introduction 2.Conditions 3.Sequences 4.Ti

>1595</

SIEMENS
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Thermal Model Requirements Implementation. Files and procedure.

*Import Expression*

Parameters Management

CAE Thermal Discipline

SIEMENS

CAD Mechanical Discipline

Thermal_Couplings.xIsx

A

Thermo_Optical_prop.xIsx

A

CC.exp

Y

TO.exp

PW_Condition_Sequence.xlsx

A 4

A

PW_Seq.xml

Allowable_Flight_Temp.xIsx

£} Expressions

v Visibility

Displaying 576 of 576 expressions

Show All Expressions -
Expression Groups | Show All -

Show Locked Formula Expressions,

[ Enable Advanced Filtering
¥ Actions
New Expression

Create/Edit Interpart Expression

Create Multiple Interpart Expressions

Edit Multiple Interpart Expressions

Replace Expressions
Open Referenced Parts

Update for External Change

Export Expressions

» Settings
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‘ [P

@

HEGatt

0?7 X
1 Name Formula Value Units Dimer A
1 |V Default Grot
2 mm ¥ Llengt
3 Vv TO_Properties
4 TO_Aeroglace_2306_A 0.95 0.95 Unitle
Unitle
. " Unitle
Ctrl+E — open Expression Editor
Unitle
— Unitle
10 TO_Alodine_1500_A 0.3 0.3 Unitle
11 TO_Alodine_1500_E 0.06 0.06 Unitle
12 TO_Alodyne_AI2024_A 0.373 0.373 Unitle
13 TO_Alodyne_AI2024_E 0.09 0.09 Unitle
14 TO_Alodyne_Al6061_A 0.373 0.373 Unitle
15 TO_Alodyne_Al6061_E 0.09 0.09 Unitle
16 TO_ANT_HBR_A 0.678181818181818 0.6781818182 Unitle
17 TO_ANT_HBR_E 0.738942148760331 0.7389421488 Unitle
18 TO_ANT_LBR_A 0.620228708979918 0.620228709 Unitle v
:
||

Module 2

t

M2_p1.prt

M2_p2.prt

M2_p3.prt
M2_ASM.prt

— |port Expressions
— Select *.exp file

Module 3

M3_p1.prt

|
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Thermal Model Requirements Implementation. Files and procedure.

Procedure for one Module

Parameters Management

CAE Thermal Discipline

SIEMENS

Thermal_Couplings.xIsx

[ — 1

A

A4

CC.exp

Thermo_Optical_prop.xIsx

>

A

Y

TO.exp

PW_Condition_Sequence.xlsx

A

A 4

PW_Seq.xml

Y

Global_Parameters.prt f [
————— C 4=-=-- fm m e e e e e M e — - = |

Module 2

Allowable_Flight_Temp.xIsx

M2_p1.prt

M2_p2.prt

M2_p3.prt
M2_ASM.prt

~ ;  _&Lc] o | ,.‘ Module 1
| 1
M1_p1.sim |«+——M1_p1.fem |<—||v|1 _p1_iprt Pi' — M1 _p1.prt
— i eCC| 2T0 -,.,‘. M1_p2.prt
= M1 _p2.sm| M1_p2 femJe—M1_p2_iprt = [~ M1ASMprt
ol —|~CC o
& M1 ASMsim |~——JM1_ASM.afem :
.. TMMModule 1ready __________ A
{ Report_name !
\_Import Simulation Objects Import FEM : Sat. Level
~ Create multi-interpart : Delay Model Updates i
¥ expression ~* Freeze Model Updates | Sat_ASM.prt
~ Import Condition hart i
¥ Sequence Freeze Assembly Updates *
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Module 3

M3_p1.prt
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Thermal Model Requirements Implementation. Files and procedure.

Parameters Management

CAE Thermal Discipline

SIEMENS

CAD Mechanical Discipline

Thermal_Couplings.xIsx

[ — 1

A

A4

CC.exp

Thermo_Optical_prop.xIsx

Y

.a

TO.exp

PW_Condition_Sequence.xlsx

A

A 4

PW_Seq.xml

<]

Allowable_Flight_Temp.xIsx

Global _Parameters.prt f Material_Library.xml '
| . Module 1
< TMM Sat. Level MM Module 1+
- M‘I_ASMafem o o' M1 p1.ort
/| M1_ASM.si ! PP
Sat_ASM.afem i~ ASW.Sim ! M1_p2.prt Module 2
| TMM Module 2y ma M1_ASM.prt
Sat ASM.sim | <4\[€% | M2_ASM.afem | ® v ; M2_p1.prt
l M2_ASM.sim i ! M2_p2.prt
i ! M2_p3.prt
Sat_ ASM.xml TMM Module 3 : I M2_ASM.prt
A . '
\ J M2_ASM.fem - i
+Report_name M2_ASM.sim : o Module 3
é E T M3_p1.prt
“\_Import Simulation Objects ™\_Import FEM ! oo
4 Create multi-interpart : Delay Model Updates i Sat. Level
¥ expression S F Model Updat :
~ Import Condition v |reczeNodelpaates Sat_ASM.prt
\ o Freeze Assembly Updates * y
Sequence yLp SATELLOGIC
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Thermal Model Correlation using Maya
TMG Correlation Tool
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Thermal Model Correlation using Maya TMG Correlation Tool —

Partner

SIEMENS

The Thermal model correlation is performed in three steps:

Radiation Correlation
aand e

Simulation file .sim
hand correlated

U

Conductive Correlation Tool

Not Correlated Model
versus
Orbit Telemetry
I-

Simulation file .sim
TMG Correlation Tool
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Thermal Model Correlation using Maya TMG Correlation Tool

SIEMENS

For a set of design variables D, the error at each measurement point is expressed as
€ = ijodel(b‘) _Tidata T

g

From TMG Original Flight Sensor 1

. e . model
A well correlated model minimizes the functional
- Flight Sensor 2

Nt ’
n Correlated
£(D) =) W e
i=1 /

Time
Where NT is the total number of data points collected and Wi is some weighting factor.

A gradient based method can be used to minimize the error function f(D)
Once the gradient ¢ is calculated, the design variables are updated:

pnew — Dold o

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05 SATELL L GIC



Thermal Model Correlation using Maya TMG Correlation Tool

Expert
Partner

SIEMENS

« 33 Flight thermal sensors telemetry to correlate

. Objective Function 0.5 s D | D (= Tearger)’

« 1316 nodes — conduction/radiation B

« Design Variable Multiplier Criteria. Multiplied Factor result = Min. 0.02 Max. 8.74
o Correlation at 3 time steps, 1440s, 2820s, 4260s

o TMG Correlation Tool perform the conductive correlation in 4 minutes

o 50 conductive design variables to adjust J ( ) sy s
F -

P i =

NewSat Satellite NewSat FEM NewSat Sensors o !

Simposio de Tecnologia Aeroespacial y Nuclear 2022 | 2022-10-05

SATELLOGIC



Thermal Model Correlation using Maya TMG Correlation Tool

Objective Function and Design Variables Convergence example

F= L

Ntimes*Neargets

Z (T - Trargar).

times \target

Objective Function History

0,74 ~ Objective Function
0,6
e Target
c
+0
G
S04
Z
2
©
°
2
o
0,3
02 r 1) T T 3 T T T 1
0 5 10 15 20 25 30 35 40
Design Cycles
Thermal Correlation Sensors
Sensor Name Temperature Difference Temperature
NTE: 22737 0.4504E+00 -0.1245E+02
"TC_2269" 0.5685E+00 -0.1557E+02
"TC_2149" 0.3409E+00 -0.1634E+02
"TC_17002" 0.4879E-01 -0.1505E+02
"TC_16001" 0.1887E+00 -0.1181E+02
"TC_16006" 0.7460E+00 -0.1725E+02
"TC_16999" 0.9536E-01 -0.1190E+02
"TC_2241" 0.1987E+00 -0.1980E+02

Design Variables History

89 ~ CC_Macro_RadiatorYm_01_Total_Resistance
- CC_acro_RadistorYm_02_Total_Resistance
2] £ Prostz?. (CC_Macro_RadiatorYm_03_Total_Resistance
~ CC_SopMacroTIR__RadiatorZp_Total_Resistar
— CC_RadiatorZp_Ym_JoyCam Total Resistanc
6 -+ CC_SopMacroTIR__Atachment_Ring_Total Re
- MA__CC_PLMacro_Suport_MacroBP_Total|
057
K
=
&
5]
<
Aol
@
3
o 34
= e T
2]
i 8
071 T — — T T ‘r — T T 1
0 5 10 15 20 25 30 5 40
Thermal Correlation Summary:
Final objective function 0.2004E+00
Number of design cycles 39
DESIGN VARIABLE NAME VALUE
CC_Macro_RadiatorYm_e1_Total Resistan 0.1035E+01
CC_Macro_RadiatorYm_02_Total Resistan 0.8608E+00
CC_Macro_RadiatorYm_e3_Total Resistan ©.1956E-01
CC_SopMacroTIR__RadiatorZp_Total Resi @.2658E+01
CC_Radiatorzp_ym__JoyCam_Total Resist ©.6654E+00
CC_SopMacroTIR__Atachment_Ring Total_ 0.4925E+01
MA__CC_PLMacro_Suport__MacroBAP_Total ©.7313E+01
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C)

Temperature (

Expert
Partner
SIEMENS
Digital Industries Software
Not correlated Model
Time (s)
Conduction Correlation Tool
"
a
o
5
etoces
— joycamSupport@FEM + joycamSupport @ aocstucanimu_a
—— macroLens@FEM + macroLens @ aocstucanimu_a
macroSensor@FEM macroSensor @ aocslucanimu_a
oottt Aoy soseyeerg
il
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Thermal Model Correlation using Maya TMG Thermal Correlation Tool

Not Correlated Model Conduction Correlation Tool

Radiation Correlation

- -
7 -
- R

M

Payload
Temperature ("C)

Temperature (*C)
Temperature (°C)

Secondary

) 20
0 70 w0 210 20 0 460 4970 5680 0 Mo w2 20 a0 460 4870 5680 0 7I0 w20 2130 2840 30 420 4970 5680
Time (5) Time (s) Time (s)
20 i 20 20 T
1 19 10
1 1 1
x(.) 7 1 7
o g
e
Py H
0] 5
- =
-
@® 1 "
m “ ©
9 9 9
s s s
0 70 M0 210 2840 0 420 470 5680 0 70 w2 20 2840 380 460 4970 5680 o 710 M0 210 280 %O 420 4970 5680
Time (s) Time (s) Time (s)
1 ° : 17 - c 17 -
3 1 1
[%2] i
8— !
Q g S
1) H K
o g £,
—_ & 2
6 0 0
’ \//_\ 9
s 5 s
7 7 7
0 MO w20 210 280 %60 460 470 5680 o 70 140 210 2840 30 4%0 4970 5660 0 70 120 210 2840 30 420 4970 5680
Time (s) Time (s) Time (s)
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— gyro A X@FEM
— gyro AY@FEM

Expert
Partner
SIEMENS

Thermal Model Not Correlated

Thermal Orbit Telemetry

References.
— macroLens@FEM
macroSensor@FEM

— " a

-+ macroLens @ aocstucanimu_a
macroSensor @ aocstucanimu_a

References
bat_1 @ torino3k3_b
-+ bat_5 @ torino3k3_b

— bat 1@FEM
— bat 5@FEM

9yro_A_x @ aocstucangyro_a
9yro_A_y @ aocstucangyro_a
9yro_A_z @ aocstucangyro_a

A_Z@FEM

sSATELLOGIC



Thermal Model Correlation using Maya TMG Thermal Correlation Tool

Micro Payload

Propulsion Set

Electronic Rack

Expert
Partner

Not Correlated Model SIEMENS

Radiation Correlation

Conduction Correlation Tool

Thermal Model Not Correlated

<

-1

Thermal Orbit Telemetry

Temperature (C)

Temperature (°C)
Temperature (°C)

References
+eeus microBase @ accstucanimu_a

— microBase@FFM

pipe a
. 12 microSuportYp@FEM microSupportYp @ aocstucanimu_a
o M0 w20 0 a0 a0 a0 see0 o 70w 250 0 s am0  4s0 60 o M0 w20 gm0 a0 a0 40 o6
Time (5) Time (s) Time (5)
i a 4
2 2 2
o ° o
References
2 2 2 — Surtace@FEM_TankYp Surface @ TankYp
. . i — Surface@FEM_TankYm Surface @ TankYm
Resitoet@FEM Surtace @ Resisojt
2 2 2 - i
o Mo w20 0 B0 a0 400 560 0 Mo w20 a0 a0 a0 40 680 3 7o w20 gm0 w0 a0 a0 see
Time (5) Time (s) Time (5)
1 0 10
s 5 s

Temperature (°C)
Temperature (°C)

References
— TEMP_GPS B@FEM ++:+ TEMP_GPS B @ torino33_b
— upperRadialorYp@FEM oo upperRadiatorYp @ aocstucanimu_a

TMS_aocstucanimu_A@FEM TMS_aocstucanimu_A @ aocstucanimu_a
—— TMSpropoleo@FEM oot TWS propoleo @ propoleo
o 710 1420 2130 2840 3850 4260 4970 5680 o 710 w20 2130 2840 3850 4260 4970 5680 0 710 1420 213 2840 3550 4260 4970 5680

Time (5) Time (s) Time (s)
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Thermal Model Correlation using Maya TMG Thermal Correlation Tool

Expert
Partner

SIEMENS

Satellite Thermal Correlation Result

Digital Industries Software

Satel I ite Th e rm a I Co rre I atio n Not Correlated Thermal Mathematical Model

e Radiation Correlation  Conduction Correlation

Final Temperature Error

e Not Correlated TMM

e Conduction Correlation Tool

-
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| Contact

Nahuel Castello

Program Manager

Thermal Discipline Leader

Email: nahuel.castello@satellogic.com

Andres Estevan

Module Thermal Engineer Technical
Leader

Email: andres.estevan@satellogic.com
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