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1966

Birth of Tribology

(esn

Keeping Space Moving

Credit Associated Press
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1966
Birth of Tribology

(esn
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Jost Report (1966)
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Sputnik (Launched Oct 1957) ESTL

— Birth of Space Tribology




Sputnik (Launched Oct 1957) G‘STL
— Birth of Space Tribology N i Sy o

Spacecraft have always had
moving parts ...
Thermal system fan on Sputnik




Space Tribology In Europe f\sn.

Keeping Space Moving

« Special characteristics of Space Tribology
 Tribological failures = mission failures

* Low power, long life (no re-lubrication), high
vacuum, thermal extremes, radiation, micro-
vibration...
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Space Tribology In Europe Gsn.

Keeping Space Moving

European Space Trlbology Laboratory (ESTL)
step.,. ’« _establlshed in 1972 |

fa 9/ (by ESRO which merged with ELDO in 1975 to
16 JUB( 196 become ESA)

One small

Fundamental objective of ESTL :
Jost Report W, B ‘To increase the efficiency and reliability

o e & of snacecraft through the application of
good tribology”

esa
&50° 000

Proceedings of the first
european space tribology
symposium held in Frascati

p
Italy 9-11 April 1975

OBE 0975

european space agency
agence spatiale européenne

First European Space
Tribology Symposium
(1975)
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ESTL'’s Initial Research Areas Gsn.

Keeping Space Moving

. Mechanlsm Tests (1972-77)
* Long term test of 6 “solar paddle” drives — SADMS (1 rpd)
» Accelerated Life test of a SADM

. Llﬁe alnd performance test of a gimballed momentum
whee

* De-spin mechanism lifetest
» Antenna Pointing Mechanism lifetest

« BAPTA — Bearing and power transfer assemblies life and
acceptance tests

 R&D Programme
* Dry lubricated slip rings

 Life of lead lubricated bearings and development and
optimisation of the process

» Performance of anti-creep barriers
 Friction and wear of self-lubricating rod end bearings

« Commercial Consultancies
 Reaction wheel consultancies
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OTS 2 Y
. ESTL
Hardware Test Beginnings N e e

« SADM TV test lifetest and
acceptance test

» Acceptance test of 2x FM
units carried out in 1976

« Accelerated Lifetest on
QM completed April 1977
(7 years simulated over
approximately 6 months)
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Commercilalisation of Lead
Lubrication in Europe

(esn

- Keeping Space Moving

lon-plating process qualified
(ESTL-TP -015, March 1983)

Wide adoption, becoming mainstay of
solid lubrication for ~15 years

Coating volume small
(limiting component and batch sizes)
Subsequent development showed
« Corrosion prevention
* PFPE degradation inhibition

Sputtered “Plasmag” or “PVD” lead
and silver developed (1999)
» Larger facility
« Economic batch size and larger
components

Extensive use of lead in telecom
applications, silver in turbopumps
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Some Missions GSTL
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BEPICOLOMBO

OLYMPUS GIOVE - A JWST

[ . -

1978 1982 1986 1990 1994 1998 2002 T 2006 2010 2014 2018 2022

|
GIOTTO ROSETTA
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Giotto GSTL

Keeping Space Moving

« ESTL Role

 Lubricant selection, trade-off and resolution of uncertainties by early test
« Qualification TV accelerated lifetest... we still have the log-book
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From BAPTISM to CABARET GSTL
Bearing Modelling
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Olympus Gsn.

Keeping Space Moving

SADM lubrication using ion plated
lead

Wheel Development

« KG80 with antioxidant and TCP
(boundary lubricant)

« Optimised cage for stability
» Tested re-lubrication reservoir

Swashplate APM Development (5
flown)

* Thin section, gothic arch bearings
» Lubricant selection — Braycote 601

» Specialised test rig for APM angular
measurement accuracy via customised
high accuracy inclinometers

Early attempts at bearing condition
anc%nltormg using PAXS accelerometer
ata
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Parallel Development of
Sputtered MoS,

(esn

- Keeping Space Moving

* Development and commercialisation of sputtered
MoS, with “ultra-low friction™ u<0.01

(u~0.025 for wet ice at 0°C)

Ultra Low Friction Films of MoS,

Ve Lloas Law Funtas
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Envisat Gsn.

Keeping Space Moving

Test setup for TV test of
MIPAS linear rails

Torque Transducer

Encoder

GOMOS, its
ACPM was life
tested at ESTL

: | AATSR — its scan bearings were
" s tested for 10° revs

Kistler' Table | ‘ I

ACP Mechanism

Cryo—pump
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Hubble Space Telescope
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Rosetta GSTL

Keeping Space Moving

MIDAS instrument (AFM)

Rosetta — What Did ESTL Do? -consultancy, subtassembly build and
Qualification/Acceptance test, lubrication

Sy
WU R
Solar Array Drive Mechanism b 4 \ LSS

Lubrication and Qualification Test rJ/

Philae Anchor Motors
- Lubrication/Consultancy

Expansion cylinder Heaters — Rewind motor

Gear

Projectile Gas generator

I/F connector Rewind system

\
/ (i

Cable magazine S Unlocking clutch

/" '\uv i
IHLEL)

¥ Antenna Pointing & TN

=== Mechanism .
Lubrication/Test

Reaction Wheels
Kitting/Assembly Support
In-Flight Consultancy (sept 2009)
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GIOVE-A GSTL

Keeping Space Moving
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Tribology at the Extremes...

Hot BepiColombo

(esn
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Tribology at the Extremes...
Cryo ISO to JWST

(esn
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R&D Activities Gsn.

Keeping Space Moving

* A snapshot of R&D activities for 2021 |

Task Title
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What Have We Learned GSTL
- SO I I d S ? Keeping Space Moving

« TV testing - well understood throughout industry — new need for testing with dust and at
cryo?

» High performance solid lubricants — available, structural and environmental impact on
performance (including short-term storage) known (at least at tribometer level) — research
Into long-term storage ongoing

» Achievable lifetimes of common components, especially bearings, with these lubricants
are known — but the situation regarding gears and some other components is less clear.

» The characteristics of a range of lower cost solid lubricants (e.g. spray bonded and
other processes) suitable for lower precision, or lower duty applications are known

« Key properties of the present generation of self lubricating polymers for use in bushes,
gears and cages are known, but more work is needed.
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Wh at Have We Learn ed Gsn.
- FI U I d S 7 Keeping Space Moving

The application and generic performance of key types (e.g. MAC and PFPE
chemistries) is known and relative lifetimes in boundary regime well understood

» Considerable performance detail about specific products — but no agreed protocols for
introduction of new fluid lubricant products.

« Partial understanding of cleaning, substrate materials, some aspects of environment
and thermal effects.

» Performance of specific components (e.g. gears) with fluid is more limited — but work
IS ongoing.

* For all lubricants — detailed understanding of function is ongoing
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Start Early — Tests May Be I\/IoreGSTL

Complex Than You Think -

* New techniques or adaptation of rigs may be a pre-requisite
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What Next for Space Tribology?@sw.

Keeping Space Moving

Longer life solid Lubricants with fewer operational constraints

New classes of fluid Lubricant — e.g. ionic fluids - combining low
volatility and degradation resistance

Cost reduction and process optimisation for tribo-components
and lubricants

New Space, New Players and New Mission Types/Requirements
(In-orbit serwcmgl, active debris removal, demisability, on-orbit
assembly, (even larger) deployables)

» Minimisation of tribological risks by availability of training,
technical guides and close support regardless of company
background, size or national experience.

Condition Monitoring/Embedded Sensors/In-Situ
Lubrication/Relubrication

» Better sensors, derived from understanding of lubricant and
contact behaviour, health warnings, and better decisions

Environmental legislation here on Earth — prohibition of some
materials or solvents

New tribo-materials and products
... what about the lunar perspective?

NASA's Perseverance rover has been
hit by 100 ‘dust devils’ on Mars
() O @@ 000
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Space Mechanisms — Lunar .
Perspective

Keeping Space Moving

= Are we ready?

= Have we done enough, since
humans left the moon nearly 50

= Apollo missions were all withig.thems
equatorial regie |

= Immense challeng

temperature:

2 L
.... Could we have been to

s ot
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ATEMIS

ARTEMIS FIRSTS

2024

A New Start — ARTEMIS (twin

of Apollo)

¥

i

2021

First CLPS Mission

VIPER

CAPSTONE CubeSat

Artemis |

PPE & HALO Launch

Artemis |l

Artemis Il

From NASA Lunar Exploration plan Sep.2020

In 2021, the first Commercial Lunar Payload Services deliveries will begin with two companies
delivering 16 instruments to the lunar surface that will pave the way for human explorers.

This golf-cart-sized rover will be the first to investigate lunar polar soil samples to characterize the
distribution and concentrations of volatiles, including water, across a large region on the Moon.

This small satellite will be the first spacecraft to enter the lunar Near Rectilinear Halo Orbit—
the future home of the Gateway. There it will test new navigation techniques to validate
predictive models, reducing uncertainties about the orbit.

The uncrewed, maiden flight of the integrated Space Launch System rocket and Orion
spacecraft will verify spacecraft performance and test Orion’s heat shield during its
high-speed Earth reentry at nearly 5,000 degrees Fahrenheit.

The Power and Propulsion Element (PPE) and the Habitation and Logistics Outpost (HALO) are
the first pieces of the Gateway. On-board science investigations from NASA and the European
Space Agency will conduct early characterization of the deep space environment.

On this 10-day crewed test flight, NASA astronauts will set the record for the farthest human
travel from Earth. They will validate deep space communication and navigation systems and
ensure that life support systems keep them healthy and safe.

With confidence gained through Artemis | and Artemis Il, Orion and its crew will once again
travel to the Moon, this time boarding the Human Landing System that will bring the first
woman and next man to the lunar surface.

ESTL

Keeping Space Moving

Al
. .

ATEMIS
PLAN

(

NASA’s Lunar Exploration
Program Overview

September 2020




Lunar Programmes — European
ESTL
Roles

* In-Orbit
= Lunar Gateway (science, communications )  GATEWAY

= Orbiting Outpost - providing essential support
for long-term human return to surface (ESA
funding habitat module and communications Eesa
and refuelling module) 3

Staging point for lunar descent and deep
space exploration

= Orbiting spacecraft for Communication &
Navigation Links, resource identification

= HERACLES = Lander + Rover

= Transport to Ground

= Humans (via Orion, powered by ESA service
module)

Transport of Supplies (EL3 — Large Logistics
Lander)

On-Surface

= Rovers, Mobility platforms
» [nfrastructure:

» Habitats, ISRU (PROSPECT), Communications
« Science from Surface including Observatories




ESTL

Lunar Programmes -
MeChar“Sm Needs Keeping Space Moving

= Lunar Gateway (robotics, communications)
Much more autonomous compared to ISS

» Orbiting Spacecraft
Comms & Navigation Links (optical and RF)
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= Landers
ESA aiming for truly global lunar access, leads

to thermal challenges (requires active control)

= Rovers/Mobility Platforms
= Habitats (recent CDF Moon village study)

= Crane, berthing mechanism, louvred radiators
W ~_/ i

* [SRU (PROSPECT in polar regions)
= Drills, thermal equipment, processing materials® _

Observatories & Science Instruments

W"

TR
¢ O

EL3 Lander belng unloacked ESA

artwork



Specific Lunar Tribology

ESTL
Challenges (s Spce i

= Extensive characterisation of dust effects and related mitigations required
(plumes from lander, rover movement)

= Temperatures will require that lunar mechanisms rely heavily on solid
lubricants to reduce heater power, so lifetime improvements will be
demanded for longer-term presence

= Gateway requires highly reliable devices for autonomous robotics and to
support human missions

= To limit transported mass, future demands may involve new structural and
tribological materials — if 3D printed parts were to be developed, maximising
use of local resources



Concluding Remarks Gsn.
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* We are a conservative industry, we only use something new If
we REALLY have to — tribologically, maybe that time is coming
for various reasons

* Critical importance of early involvement or tribological experts in
test, education and a partnership development approach

* risk reduction, mechanism optimisation and programmatic success

* Importance of state-of-the art test faclilities and centre of
expertise approach — close to both industry and ESA
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