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I Cryogenic applications | Positioning of Thales Cryogenics
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THALES CRYOGENICS IS ACTIVE IN THE NICHE SEGMENT OF SMALL CRYOGENIC COOLERS
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Existing products

| Rotary Stirling cooler
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| Products (Thales LAS-France, Blagnac)
RM2 - Best-sellerrotary

RM3 - Drop-in replacement for market leader K508
RM4 - High lift

RMs1 - Low SWaP, high performance
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| Linear Stirling and Pulse tube
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| Products (Thales Cryo, Eindhoven)
» UP series: Linear Stirling (mainly tactical)
» LSF series: Linear Stirling with flexure compressor
» LPT series: Pulse-tube cooler with extreme lifetime
» Various space products
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I Main Requirements

Defense » Compact, robust &
Markets > Efficient solutions

elen-slsll > Exireme reliability &
Markets > Cost effective solutions

» Extreme reliability

» High efficiency
2> No vibrations
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Cryocoolers: What are they for?

Typical operating range: Liquid Nitrogen temperature (77 K/ -196C)

ndustrial applications (example: hazardous gas detection

rth observation (example: Meteosat Third Generation)

Dafense (example: sensors in and on fighter aircraft)
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I Detector cooling: the Stirling koeler

T, Reverse Stirling cycle :

Put in mechanical power, result in
pumping of heat

Theoretically this cycle canreach
the maximum efficiency (Carnot
efficiency) of such a process:

Isothermal compression COP = (T/(Ty-T)

Gas cooled down (regenerative)
Isothermal expansion
Gas heats up (regenerative)

Ll o
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I Cryocooler Reliability (Bread and butter of Thales Eindhoven)
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Gap between moving displacer & wall: Gap between piston and cylinder:
Wear!
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I Compressor life: flexures
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I Cold finger life: Pulse tube
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“Displacer” not needed:
- “Gas displacer”
No moving solid parts in cold finger -> No wear, low vibration
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Our Space Footprint
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Space coolers: Product Line Perimeter

w

» Full Space:

- Compliant to ECSS or NASA standards
» New Space:

- Designed to fully comply on technical
requirements, but save(rationalize) on project
cost

» COTS+:

- Build it like a tactical product with some extra
checks, design may not be fully compliant
with space standards

Corporate Communications - February 2016
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I Overall approach

. | General principle:

» Field-proven and life time test-proven reliability of many COTS/tactical cooler
designs exceeds the R required for space

ny way, in whol I

- ©Thales 2015 All rights re:

| Take a commercial-grade high-reliability cryocooler and justify flight
» Example: the Thales LPT?310 series as used for ECOSTRESS and EMIT (JPL)

onsent of Thale

| Or use proven design elements from tactical cryocoolers in a high-
performance designed-for-space cryocooler

» Example: The Thales LSF?199/30 cooler

rty without the prior writte

| Use a rationalized set of testing to justify use as FM

This document may not be reproduced, modified, ada pT d, published, f nslated, in a

part or disclosed to a third pai
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I Typical additional tests done:

. | Additional batch-level inspections on critical parts
2 ldentify points where COTS-standard inspections are not sufficient

: ] Additional burn-in

any way, in who I

- ©Thal I s 2015 All rights re

» Eliminate any workmanship or part-related infant mortality

ent of Thales

| Random Vibration Test

| Thermal Vacuum Test

rty without the prior writte

| Additional compressor diagnostics (ring-down testing)

| Extended drying/curing (100 C vacuum applied to cooler internals)

2> Eliminate risk of contamination issues

|_5 Corporate Communic s - February 2016 o T H A L E S
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I Case study: COTS cooler for NASA-JPL ECOSTRESS

. [ Thales Cryogenics has built >3000 for non-space use

ywynwhl

- ©Thales 2015 All rights re:

| Proven reliability of COTS coolers:

> Inuse 24/7
» Proven high availability, >99% after 5 years of 24/7 use

ent of Thales

. | COTS build standard is 1 or 2 orders of magnitude che«
grade” build standard

| ... That is why NASA JPL was anxious to try an “off-the-shelf” Thales cooler
in an actual space mission

rty without the prior written ¢
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| Leak test -> Proof test (reduced ratio) ->
Leak test < 6x10-Pam3/s

| Random vibration tests with 100g
additional mass on cold tip-> 10.1 grms

> Make sure the product survives launch!

» Notching of spectrum based on pulse tube
deflection, in discussion with JPL

: | No performance degradation after tests : / /LN

ASD [g"2/Hz]
[ 111

: ] Burst test performed

2 Pressurized hardware

part or disclosed to a third party without the prior written consent of Thales - © Thales 2015 All rights reserv ed
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I Standard LPT9310 - Test results at JPL

| Conducted thermal performance tests assuming
worst cased environmental conditions on the ISS

ny way, in who I

» 24°C fluid inlet temperature at 155 kg/hr delivery rate

- ©Thales 2015 All rights r

» Compressor input power limit of 140 W

» At 65 K the estimated Ecostress focal plane thermal load
is 1.3 W to each cooler; a 5K temperature gradient was
assumed for the thermal strap to the 60 K coldtip 2

> At 140 W input power, the 60 K cold tip could deliver 1.3 ot }
W of cooling, leaving virtually zero margin in the cooling I o |
capability

nt of Thales

arty without the prior written conse

Heat lift (W)
[+

| Thales was contracted to execute a Form-Fit
performance upgrade on a tight schedule s} o

9 100 110 120 130 140 150 160 170
Compressor input power (W)
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I High performance LPT9310 - Trade-off resulis

;¢ | Objective:

53 2 Increased cooling performance

O 2 Minimimise risks (design and schedule)
- » Noimpact oninterface

iz || Approach

» Trade-off analysis of all pulse-tube redesign options that have been investigated
by TCBV in the past:

» Contront each option to:

arty without the prior written ¢

- Improvement
- Risk / heritage
- Interface impact

This document may not be reproduced, modified, adapted

part or disclosed to a third p
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I Trade-off results

Design option Interface Process and schedule risk? Selected
‘ impact?

3 Optimized regenerator deS|gn None

2 and cold available
* metal seals needed

H Optimized cold heat exchanger Medium Medium - limited heritage No
Optimized warm side heat exchange Medium High No
& Optimised inertance High High No

| Expected performance gain at 60K: ~700 mW

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole orin
part or disclosed fo a third party without the prior written consent of Thales - © Thales 2015 All rights reserved.
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High performance LPT9310 - Process qualification approach

2 Process delta qualification
2 Pressure tests on product level

» Brazing process
» Welding process

2 Tensile test
2 Micrographic inspection

Corporate Communications - February 2016
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LPT9310-HP

- Low-conductance tube

- Optimized regenerator matrix
» Full test campaign, including:

© Thales 2015 All rights reserved.

- Pressure cycling
- Temperature cycling
- Random vibration

This document may not be reproduced, modified, adapted, published, franslated, in any way, in whole or in
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» High-performance definition designed, built & Tested
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I Development summary

! ] Off-the-shelf cooler initially selected for JPL-NASA ECOSTRESS mission

£
5
o3
o9
&

ny way, in wh

| Standard LPT9310 used as Engineering Model / Performance verification

| Updated interface requirements necessitate upgrade (no margin)

nt of Thales - © Thales 2015 All right:

| Changes with minimal risk, maximal gain selected
| Delta qualification performed, >700 mW of performance gained at 40 K

| Launched June 2018

document may not be reproduced, modified, adapted, published, translated, in a
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I Telemetry since power-on

Comms iSSUe ECOSTRESS since turn on

(not caused

by Thales — =
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Happy customer! -> Two awards for Thales Cryo

Bl |

~ . o 2NN Tl S
4 LYY - \ /

\ ‘f o Mark Stienen - st Imo o
/’A“ v o Manager Marketing & Sales at Thales Cryogenics

Congrats Roel!

Perry Ramsey « 2nd
Thermal Engineer at JPL (NASA's Jet Propulsion Laboratory)

Well deserved. Thales coolers are creating new opportunities for actively
cooled payloads.

=
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I So why did we get these awards?

. | Pragmatic approach

2 Both sides approached the project as a partnership rather than
“supplier/customer”

ny way, in who I

- ©Thales 2015 All rights re:

| Product has exceeded requirements & expectations

ent of Thale:

| Quick support, answers to questions

| Open and transparent communication -> also when facing problems

» Failure during testing (problem on Thales side)

rty without the prior written ¢

2 Failure during instrument integration (problem on JPL side)
» Failure on-orbit (problem on JPL side)

This document may not be reproduced, mo df d, dopfed p ublished, T nslated, in a

part or disclosed to a third pai
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I EMIT (NASA JPL) - Follow-up program, launched June 2022

.| Earth Surface Mineral Dust Source Investigation
| 1x LPT9310 to provide cooling at 155 K

> ]| IRIS HP-LCCE2 drive electronics used

Starboard Panel
Telescope Spectrometer 7 Ram

Wake
Radiator

Electronics

Optical Bench =
Assembly (OBA) Baseplate

3 B = N & 3
L ) = T I
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I Thales LPT9510 & LPT9310: FM built and delivered

£
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1x LPT9510
2x COTS CDE

3x LPT9310-HP

6x COTS CDE

1x LPT9310

1x LPT9310

7x LPT9310

3x LPT9510

4x LPT?510

Raytheon

NASA JPL

NASA JPL

AIRS

Undisclosed
(USA)

Undisclosed
(USA)

Undisclosed
(USA)

| 30 Corporate Communications - February 2016

TacSat-3/
Artemis
ECOSTRESS
EMIT
Undisclosed
Undisclosed

Undisclosed

Undisclosed

OPEN

Launch May 2009, burn-up on re-entry
after 3 years of nominal operation

Instrument turn-on July 2018, 3 units >40000
hours without any degradation.

Instrument turn-on July 2022, operation
nominal fo date

Launch date not disclosed to Thales

First unit launched 2023. Follow-up order
received.

Delivered in 2020, launch date not
disclosed to Thales

Delivered in 2022, launch date not
disclosed to Thales
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Questions?
THALES

Thank you for listening!
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