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ABSTRACT

The Space Simulation Facility (S2F) is a dual psgsystem designed to conduct plasma thrustendesstid
thermal vacuum qualification of satellites and iimstentation. Commissioned in 2013 at the Austnaliational
University's Advanced Instrumentation and Techngl@gntre (AITC), the S2F brings a diverse rangeeaf
measurement capabilities to Australia. The S2Fynavac-built system capable of thermal cyclimgf-170°C
to +150°C at 3°C/min average ramp rate. A remavaktaten and shroud assembly accommodates tesesutip to
500 kg with volumes up to 1.6m x 1.6m x 2.25m. ldnpe capture system and moveable 1.2 m long chamber
annulus allows for plasma thruster test and diagmosnfigurations up to 1.6m x 1.6m x 2.2m witHilioe thruster
installation capability. The S2F system is capalilpumping from atmosphere to a pressure belov T+ in
less than eight hours. Twenty-five available thecouple channels and 33 test unit readings allowétailed test
article monitoring and data collection. The S2FKwanceived for maximum flexibility and the ability support a
wide range of projects well into the future. laitsupported projects include instrumentation eatadn for the
Giant Magellan Telescope, the Australian Plasmaudter, and three Australian CubeSats. Here wepnaient a
detailed overview of the project goals and desigmserations, as well as the initial test projectdertaken in
S2F.

INRODUCTION
Project Background

The Research School of Astronomy and Astrophy$SX&AA) is a research school of The Australian Natlon
University. Its mission encompasses the advanceaighe observational and theoretical frontierastronomy
and astrophysics and their enabling technologiesptovision of national and international scieatiéadership,
and the training of outstanding scientists. Thé&\R$ located at the Mount Stromlo Observatory (MS&20-
minute drive from the centre of Canberra, Austigalcpital city.

The Advanced Instrumentation and Technology CHA&EC) is a special-purpose national facility at @IS
It provides engineering support to RSAA astronomasswell as design, manufacturing and testing luéippies for
precision instrumentation and spaceborne hardwais.also home to a research and developmentanog
focusing on the next generation of large opticl@Esteopes.

The AITC has created a new national capabilitytiier Australian space community, connecting reseaisch
and industry partners from around the country ammdss the globe, and providing a state-of-the-aytqad
development and systems integration resource.

The Space Plasma Power and Propulsion (SP3) greupdivision of The ANU Research School of Physics
and Engineering, and are an international quadisgarch team undertaking fundamental researctagmgal physics,
applied to space propulsion, space science andialatprocessing. The SP3 is located on the m&l Aampus
near the centre of Canberra.

The SP3 undertakes research into low temperatasgnas and their applications, including: computer
simulations (fluid and particle-in-cell) and plasmadelling, plasma processing of surfaces, atmogppheessure



plasmas, fuel cell catalysts and space plasmattrg s.e. the Helicon Double Layer Thruster (HDLfRe Pocket
Rocket electrothermal plasma thruster and the Stede 4 Grid (DS4G) ion thruster).
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Figure 1: Advanced Instrumentation & Technology @enMt Stromlo Observatory, Canberra, Australia

The SP3 group is a major innovator in this are#) winumber of patents in the last few years adadge
number of international visitors spending time &tlA

The HDLT design uses radio frequency to createdndtively/wave coupled plasma expanding and
accelerating it in a magnetic nozzle. It has uaigdvantages over other plasma engines in that it:

< has the ability to employ a wide variety of fuels;

¢ has an accelerating electric field without a hightage grid immersed in the plasma stream, thereby
dramatically increasing operational reliability;

» produces a neutral plasma beam (the source ottisrirem the accelerated ions), thereby elimirgatime need
for a neutraliser and also increasing reliability;

e can be scaled up or down in power and geometry, and

« has no moving parts.

Figure 2: Upgraded SP3 Wombat Thruster Test Facilit Figure 3: HDLT Under Test in SP3 Wombat

The Australian Federal Government announced “Th&tralian Space Research Program (ASRP)” in October
2009. The objective of the ASRP was to developtralia’s niche space capabilities by supportingcepeelated
research, innovation and skills in areas of natisigmificance or excellence. A total of 14 gramesre awarded
over four competitive phases, totaling $40 milliidD.



At that time, in 2009, the SP3 team had alreadgenpentally verified an early HDLT laboratory protpe at
the European Space Agency, ESTEC facility in Nodjidwhe Netherlands. The SP3 laboratories posaess
number of small thruster test facilities that pded a sound capability for the basic thruster meseaThe largest of
these is the Wombat Chamber, but at ~1m diame2en jong, it was considered too small for thrusterfgrmance
testing and space qualification.

The RSAA was in the process of establishing a natiacility for the integration and test of tetrés and
spaceborne instrumentation, and required a cryogaduum test facility in support of the GMTIFS (GNhtegral
Field Spectrograph) instrument for the Giant MaaelTelescope (GMT), as well as a mid-sized thermaaltum
chamber for spacecraft testing.

SP3 teamed together with Airbus Space & Defen&®06 (formerly EADS Astrium) and the Surrey Space
Centre in 2009 to propose funding for the “AustmalSpace Plasma Thruster Project”. However, avhast
necessary for the large space simulation chamiogroged and so the AITC joined the collaborativggmtoalong
with Vipac Engineers and Scientists.

The objectives of the project were to progressHB& T technology along the TRL path from a laborgtor
thruster to a space-ready prototype, and alsovelde and deploy a multi-purpose test facility tgpgort both
thruster testing and space simulation. The AuatrdPlasma Thruster Project was successful initiad ffourth)
round of the program, and the project consortiure a&arded a contract from the Australian Commontveal
mid-2011.

All aspects of the ASRP contract were fully comgteby December 2013. The new test facility, destiggh
the “S2F” (Space Simulation Facility), and nicknahi@&/ombat XL", is now operational, and thruster depment
activities are underway.

S2F KEY DESIGN DRIVERS
A Multi-Pur pose Facility
The design of the S2F would need to provide a sifegtility that could enable:

» functional & performance testing of electric pragiah thrusters;

» TVAC testing & vacuum bakeout for space hardware;

» cryogenic vacuum testing of large astronomicaliab instrumentation; and also,
» be readily & rapidly re-configurable from one canfration to the next.

Thruster Testing Requirements

Thruster testing, particularly HDLT testing, nedtgsd a long chamber (a minimum length of 4m), and
chamber constructed from non-magnetic materiads/tod interference and possible end-effects. gdatiameter
was also required, particularly in the vicinitytbe thruster. Minimum clearances defined a charobat least 3m
diameter. Thruster test and diagnostic hardwae r¢eded to be accommodated within the chambehigh
pumping speeds were required to maintain a highwacdespite the injection of propellant into thariber.
Finally, it was important to provide a means ofiasisle cooling to the thruster, to sink as mucl2ké/ of RF
power applied to the thruster.

TVAC & Cryogenic Test Requirements

The S2F would be required to accommodate spacdmaitNanosat size, up to 500kg mini-satelliteg tha
could reasonably be expected to be developed intopaver the next 20-years. This would be accashpd by
the use of radiative shrouds and a conductive taleptaten that could be independently controllétie thermal
subsystem was to provide the highest practicabi@éeature for bakeout, as well as maintain the shyweacticable
temperature for testing of cryogenic instrumentatideally ~100 K).

Thermal performance was the main area that coutcddled against the price for the system.
Operational Requirements

A turnkey control system was required that wouldl#a man-in-the-loop operation of the facility, vghi
providing a high degree of safety with facilityenfocks.

The main requirements for the pumping system wefrfeliows:



» the use of dry pumps only to eliminate the potémtiaoil contamination;

» arapid pumpdown to <1.3E-5hPa (<1E-5Torr) overiigh

* alow leak rate to ensure that the chamber couldivexcuum beyond 24 hours, in the case of a pungysiem
failure.

General Requirements

Other requirements included the following:

» the ability to operate to Australian mains poweuieements;

» adistributed mass so as not to overload the Alt€gration Hall suspended concrete slab floor;

» the use of O-ring seals for all repeatable vacuarmections;

* a separate cryogenic-plate for contamination wirsssnples;

» several test-item ports at various points chandued;

 that the facility infrastructure to be remotelyadded from the S2F (4.5m below the Integration Hadr, in the
plant room area below).

Design Concept

A number of configurations for the facility weraidted and traded. These ranged from a “thrustet &iaone
end of the chamber (similar to the ESTEC test gumfition for the HDLT), support of the test iterarfr the front
endcap, and the “thruster annulus” concept. Ttterlavas ultimately selected, as this configurati@s considered
to be optimal for the thruster test configuratidnallowed for the thruster test-item to be sealfitained, and
enabled the thruster to be integrated into the lasroff-line” whilst the chamber was in use for AC testing. It
also provided a TVAC configuration of the requiapacity, and the overall dimensions and mass dwaild
accommodated within the AITC Integration Hall. Tihiial concept is depicted in Figures 4 and Dohel

Figure 4: S2F — Proposed Thruster Test configuratio Figure 5: S2F — Proposed TVAC Test configuration

The design concept was based on a fixed main chamgmeovable thruster annulus and translatablk, rai
mounted endcaps. The chamber would be fitted both radiative thermal shrouds and a conductiverthe
platen, with independent control of both. The tha&lrplaten, main and rear shrouds were to be reegfihovable
for thruster testing. The rear endcap would bgdeto accommodate high capacity internal cryopufopthruster
plume capture. The thruster annulus would be aimiil design to the (upgraded) Wombat facility,yiding a
commonality in design, and enabling a direct corigparof thruster testing between the two chambers.

S2F DEVELOPMENT
Market research

As usual, once the contract was awarded, the AR tead to deliver on our promises. The AITC engjiimg
team had experience in the design, build and dperaf small (<1m) chambers, and also a wealtlpats and
instrumentation experience. However, we still thaenumber of challenges.

There are no Australian suppliers for this type@fiipment, and therefore no one group with theecppgsite
experience. Local suppliers were offering to pdevequipment and subsystems only. The main egpesgtiocated
in the US and Europe. We found that identifyinggotial suppliers was indeed difficult - interneasches were



generally inconclusive (companies don't seem t@dibe); the best source was the trade list fraenBST
conference!

When contacted, the S2F was too "small" for sonpplsers, yet too big for others. The tight budgedred
some away, and it seemed that Australia is atnideoé-the-world to many. Also, no-one in the inttydhad
considered, much less delivered, a multi-purposentter such as required for the S2F.

Procurement Approach

As there was not the time, money nor local expetbsfully design, construct and integrate sucirgd
system; it was decided early in the project to pre¢he S2F as a turn-key design, build & inst@lébst contract
from an experienced supplier. It was also deteshidue to the compressed schedule that the Plapiei@
System (PCS) — the internal cryo-pumps, would loeymed separately. Similarly, the infrastructuke required
to accommodate the S2F in the Integration Hall wdngd undertaken by the AITC team.

The University contracting rules mandated thatrenfd tender process be adopted. This requirement
significantly restricted the time available to deli the S2F to meet ASRP project milestones.

Development Timeline

Following the identification of potential contracsdy an ROI process, a RFT was communicated tlvéwe
respondents in mid-June 2012. Three tender respamsre submitted, two from European suppliers,caredfrom
the US by the closing date some four weeks later.

Dynavac presented the most cost-effective propasalwas selected as the preferred supplier inAnglist
2012. Even though the formal supply contract watdormally executed until mid-December 2012, Dyaav
kicked off the work immediately, and the S2F CDRswaccessfully concluded in mid-November 2012.

The S2F Factory Acceptance Test (FAT) was conduotetd-May 2013, less than 6-months after CDRe Th
system was disassembled and shipped to MSO, agr@any September 2013. Installation and commmésgpwas
undertaken over two phases: assembly, set-to-watkzacuum acceptance testing were completed by end-
September, with TVAC acceptance testing completedecember (once the liquid nitrogen (YNnfrastructure
had been installed).

As the S2F design drove facility infrastructureuiegments, a concurrent design approach was adojeen
so, the final design of supporting of infrastruetaould not be completed until after the S2F CORis required
careful management of interfaces and requiremantsultimately led to delays in fully commissionithg S2F.

S2F DESIGN

The design and engineering of the S2F requiredcoweing a few unique project challenges. The gstate
technical challenge of the project was ensuringttievarious vacuum chamber sub-assemblies, feratipg both
Thruster Testing and Thermal Vacuum Testing, wasteinterchangeable and manageable in the allotte
Integration Hall floor plan. More generally, it swamportant to ensure the project would meet oeegdmperational
performance goals while remaining cost-conscioagjqularly with regard to thermal and pumping penfiance.

In order to ensure successful chamber conversitwelea the Thruster Testing mode and Thermal Vacuum
Testing mode in the space available for the S2tesysgreat care was put into the engineering desfigine
chamber. While the main chamber body is fixechtlaboratory floor, the other chamber subsectamasdesigned
to be translatable on a rail system mounted offitloe to ensure proper chamber alignment. Thesyastem
consists of two rails, one “V” shaped and the oftay to prevent binding. The Thruster Testingsgstem can be
inserted or removed from the rail system using\aritead crane in less than half a day.

Properly designing the thermal control system tiee the system performance goals required careful
modelling of the system parameters to best siz¢hibrenal control system. By optimising the theripiging
networks for the shroud and platen, thermal surtagf®rmity and ramp rate could be maximised whiliity
consumption could be minimised. This requiredyfafiodelling the thermal surfaces and piping netwarid
designing the thermal pathways, the piping diansgfter balance pressure drops ), and pipe spaangh@rmal
surface uniformity) to meet system performance o8y designing the thermal platen and shroudmjunction
with the thermal control system, a cost-efficientnenercial recirculating gaseous nitrogen basedrtakecontrol
system was chosen over a liquid nitrogen coolintjelactric heating based system



The Pumping Subsystem also presented an opportuhitye experienced design would provide considerabl
cost savings while meeting system performance goalater vapor is the dominant out-gassing produdnen
pumping down chambers to high vacuum after rougbimnghe volumetric air in the chamber. Cryopuroffer an
excellent pumping speed value (L/s/$) when compesiid mechanical pumping technologies. By utilgsin
combination of surface out-gassing estimates, cleambmping network conductance calculations, aegipus
experience, a cost-effective and robust combinaifandry roughing pump and blower, turbomolecpiamp, and
set of cryopumps was selected for atmosphere tovdaguum pumping. The turbomolecular pump botbved| for
keeping the chamber under vacuum during cryopumeneration and helps to further pump the chamber gife
roughing pump has bottomed out until the cryopungssover pressure is reached.

SYSTEM DESCRIPTION
Chamber Configuration & Layout

The S2F is a 4-segment vacuum chamber. The maimlwér is fixed over load-bearing points on therfloo
and rails at either end of the main chamber accodaectranslation of chamber end caps & thrusteulasn The
chamber is pumped by a dry roughing pump and tv@m40 (16”) cryopumps, each of which can be gatedrofh
the chamber. Likewise, a turbopump for pumpingesfdual gas molecules, and a residual gas mdoit@nalysis
are installed via pneumatic gate valves. Two Tla@onditioning Units (TCUs) provide the heatinglaoling
for the thermal subsystem.

All facility pumping and thermal control equipmeare located on the far side of the S2F. (They \Waated

Figure 6: S2F Emplacement in AITC Integration Hall Figure 7: S2F — Thruster Test Configuration
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Control Subsystem

The S2F control rack, operator console and printest/ports are located on the near side of the beafor
easy access during testing. The Control Rack Rk€scontrollers and is accessed via a LabView Huivlachine
Interface (HMI). All aspects of the S2F can betoalted by this software program. The S2F consaftware is
intuitive and allows safe operation (critical itear® interlocked) by operators with a minimal antaafrtraining.
The control software also displays system statdskay test parameters. Logging of all data cambgrually set.

MAIN SCREEN
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Figure 8: S2F Control HMI - System Status & Cohtro Figure 9: S2F Control HMI — System Thermocouple



Additional test ports/viewports are fitted to engsaupper and lower chamber rails permit mountiigst
equipment within the chamber and the main shrosdshad interfaces for future albedo heaters.

The extended rear endcap accommodates two intely@dumps that form part of the thruster plume eagpt
system.

Thermal Subsystem

The S2F thermal subsystem comprises a radiatieidrand a conductive thermal platen within the diem
each driven by a 0.2i#s (400CFM) Dynavac TCU, and independently contahll

The main shroud sits on rails fixed to the mainncher and is removable (when necessary for thriss&ing)
using a dedicated trolley. The rear shroud istfitethe rear endcap and is also removable to geoatcess to PCS
in thruster test mode. The front shroud is fixedhte front chamber endcap. The thruster annslast currently
fitted with a shroud, but provision has been mamdifture installation that will effectively provida longer TVAC
chamber. The system can still operate in TVAC enaith the thruster annulus installed, providinglowy for the
thruster, if required.

The TCUs recirculate gaseous nitrogen 58 the heat transfer medium, carried externaywacuum-
insulated pipework. Bayonet fixtures on the enfdhe pipes allow the chamber to be readily opematiclosed.
The pipework is removable to enable reconfiguratibthe system for thruster testing.

The thermal platen is supported by rails runnireglémgth of the main chamber and can accommoda®®lay
test item. The platen can be withdrawn from thenaber onto a trolley, for storage, or for instadiatof a large test
item. The platen can be removed by disconnectiagriternal flanges. The internal con-flat connediare easily
accessible from the operating end of the chamber.
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Figure 10: Thermal Platen with  Figure 11: View of TMS from Rear Figure 12: Thrust Measurement
Test Heaters of S2F Main Chamber Subsystem

Thruster Test & Diagnostic Subsystem
Thruster Annulus

The Thruster Annulus is a 1.2m long cylindrical mheer section that houses the thruster under tedtaa
number of thruster test subsystems. It is remdred chamber by means of the overhead crane, anbiea
positioned on the rails to the front of the chambernywhere within the Integration Hall. In thvay, the thruster
test item can be integrated and functionally testedy from the main chamber.

Thrust Measurement Subsystem (TMS)

The TMS comprises a thrust pendulum, a thrustehig@cal interface module, laser sensor measurement
system and a calibration system. The thrust pemadig supported from the top of the annulus anbléssame
design as implemented in the Wombat Facility. rityides a large envelope for a thruster test itieah is suspended
from the lower face of the pendulum. A static feahouses the measurement system: a thrust caibbigtstem, a



laser interferometer and a voice-coil damping syst€alibration weights are deployed by a steppationunder
vacuum to physically displace the thrust pendultomfits rest position. Pendulum displacement iasnesd by
the laser and when correlated to the calibratioesparovides a measure of horizontal thrust upgbl vith a
0.1mN precision. The voice coil system can prowdédmping of the pendulum oscillations when required

Plume Diagnostics Subsystem

The Plume Diagnostics Subsystem (PDS) supportsredtatic probes such as ion analysers, Langmalgs,
emissive probes, optical probes such as fibre-pjtimdles and magnetic probes, on an XYZ mechacésried by
the platen rails. The stages can be driven tdipogihe probes to sample the thruster plume, firside the
thruster envelope and downstream of the thrustethfolength of the chamber.

Propellant Supply Subsystem

The Propellant Supply Subsystem enables the subpbst gas to the thruster from an external supjglya
mass flow controller, over the range 0-350sccmdiayg

Plume Capture Subsystem

The Plume Capture Subsystem (PCS), as the name#nhps the ionised and ballistic non-ionisesl ga
molecules produced by the thruster and maintahligtavacuum within the chamber. A pair of custoiteinal
cryopumps (supplied by PHPK Technologies) providierge capture area and are driven by liquid néreg
assisted, Gifford-McMahon helium cryocoolers.

When operational, the PCS provides a high pumpapzcity (rated at 180#s nitrogen and 70ffs xenon,)
that enables thruster testing at high flow rateséveral weeks, before regeneration.

A 4-layer MLI blanket mounted off the rear facetloé rear shroud effectively eliminates the radreedt-load
onto the PCS pumps during TVAC operations and tegtperature bakeout.

oy
Figure 13: PCS Pumps Mounted to Rear Endcap FigdreRemoval of Rear Shroud

Supporting Infrastructure
LN2/GN2 supply

LN is provided to the S2F from a horizontal £3ri, tank situated some four metres below, and adjaoent
the Integration Hall floor. As a result, the taslpressurised to 850kPa (8.5bar) nominal prestunieg operation
(maximum of 1600kPa (16bar)). kLN reticulated to the S2F by VJ-insulated pipewaskvell as to termination
for a future small chamber and a standpipe fdan{jldewars. Exhaust of all hot/cold @Xapours to the exterior of
the building, above the roof line is also achielgdracuum-insulated pipework.

O monitoring sensors in the Integration Hall areitdcked to the main LNsupply pneumatic valves to
terminate LN flow in the case of a leak.



Dry GN; at 830kPa (120PSI) is supplied to the S2F anduletied throughout the general facility from a
vaporiser running off Lhtank

Mains power supply

A new mains switchboard provides power to S2F dinslipporting subsystems. A manual changeovercbwit
allows for generator power to be used to run tisesy in the event of planned (or potential) maiower outage.

Chilled water supply

A 30kW water chiller with a 600kPa (6bar) pump dets water to the S2F manifold to provide cooliogthe
facility pumps and compressors.

S2F SYSTEM PERFORMANCE

S2F system performance was validated over two/Riteptance Tests (SATS), and later, during earlystier
testing. The S2F met, and in some cases exceddrmpance expectations. S2F vacuum and thermé&bimeance
met all requirements, as did the thruster testygibms developed for use with the S2F. Measureonpeance is
provided below (refer to Figures 15, 16 and 17, @able 1).

One of the key operational requirements was thktyabd reconfigure the S2F safely and with a miom
number of trained personnel. The S2F design giftfis requirement with ease:

» The thruster annulus can be moved in and out \Withuse of the overhead gantry crane and slings.

» The thruster annulus can be housed on the S2Frider or independently anywhere within the Intgigm hall.

» The thermal platen is connected to its TCU via twaflat flanges and is easily removed from the tfrainthe
chamber and onto its storage trolley by three perslo Access to the flanges is from the rear efdllamber by
translating the rear endcap.

» The rear shroud is removable and is stored onwvits wolley. The process is relatively straightfard, but is
complicated slightly by the tight space to the rafathe chamber. Removal and reintegration caadméeved by
four personnel in a half day.

» The main shroud can also be removed for hi-endngister testing. Again, access to the chambéretod-entrant
conflate flanges is achieved from the rear of thancber.
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Figure 15: S2F Typical Chamber Pumpdown Plot (“wbamber”)



Table 1: S2F Performance Summary

S2F Vacuum Performance

S2F Thermal Performance

v' Oil-free pumping system v' Temperature range: 103K (-170°C) to 423K (150°
v" O-ring vacuum seals v' Transition rate: >3K/min
v" Rapid pumpdown for operations: v Stability at control temp: <1K
«  manual & automated pumpdown v" Thermal gradients at set-point:
« chamber rough to 40hPa: 2 hours « shroud: < 2K
« chamber pumpdown to <1.3E-6 hPa: <8 hours -« platen: < 0.5K
v Excellent ultimate vacuum: v" Absorbs 2500W radiant load and 500W conductiv
« <4E-7hPa (<3E-7Torr) @ 22°C ambient load @ 193K and 353K
v' Low leak rate: v TVAC test item capacity:
« 24hr leak pressure rise to: <1.3E-3hPa + 500kg mass; 1.6m x 1.6m x 2.25m envelope
Thruster Testing Performance Operations Performance
v' Thrust balance capacity: v' Support multiple testing regimes
« 25kg capacity v' System reconfiguration with minimum effort:
«  500mm x 840mm x 480mm envelope « personnel: 3-4
v' Thrust measurement: « duration: 1-day
« range: OmN to 500mN v Integrated control system:
+ resolution: 0.1mN + PLC/Labview-based
+ accuracy: < 10% « HMIl interface and safety interlocks
v" Plume capture capacity: + manual & automated operation
« 3.9 E-5hPa maintained at 350sccm argon flow; - system status display and logging
« 7.9 E-5hPa maintained at 70sccm argon flow; « testitem temperature sensor display and loggi
. 2-orders of magnitude pumping improvement v* Expandable for infrastructure subsystems inter&c
over S2F pumps alone control
v' Plume capture system regeneration: >2 months
v" Plume diagnostic envelope:

« 1.6mx1.6mx2.6m
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Figure 16: S2F TVAC Acceptance Test Results



350 scem Argon
2.9 E-5 torr

140 scem Argon

13E-5torr

70 sccm Argon
s9E6tor

108-7-8 " " " " " 0 " o " " v v v y v
0BON00AM BDO0AM 0SORODAM 0OIDODAM I00000AM I0J0ODAM 1I0000AM [13000AM 120000PM  [23000PM OI0000PM  OIS040PM O200D0PM  023000PM  030000PM 033000 19000
OISO BI04 DAASA0M /I GUASZ04  DUISAON  DUISOME  DUASODI 04150 OAASAN  DMASAOM  OUISOON DU OIS0 IS OIASADIE  BAASOOM 04154

MAIN ” TE DISPLAY ” sH\DUDEcu1 PLATEN TCU H SETTINGS ” ALARMS H PRESS, TREND I\ TCTREND ” ussucmw‘

Figure 17: PCS Acceptance Test Results — Argon Fuel

CHALLENGESOVERCOME

The majority of challenges faced by the projectrtegere due to a very tight schedule and VERY lidhite
funds. All aspects of the ASRP contract were nexglto be completed with two years (including tlesign,
procurement and deployment of the S2F). The tastd of ASRP funding was some 10% less than reedédst
the project. (In the end, the ASRP program wasredé¢d by 6-months, and some additional funds wendged
towards the end of the project.)

One of the key issues faced related to the stdtthedJniversity as a “Commonwealth Authorities and
Companies Act (CAC Act)” body. This additional &wof administration and oversight added a sigaiftccost and
several months to the S2F procurement.

The S2F also placed demands on the existing bgiluiyond the original design specifications. Siguaifit
new infrastructure was required to support S2F,anequirements could not be finalised beforestie CDR, the
late kick-off of infrastructure works resulted hmetlate delivery of VJ insulated pipework, necedsiy that the S2F
be commissioned over two SAT campaigns.

Technical issues, by comparison, were minor inmeatand were addressed during the final stage@lBf S
assembly and testing:

* The pneumatic clamps did not provide sufficientrgiéng pressure to overcome the slight endcap distoto
make proper vacuum seal. The addition of man@ahpk at each interface solved this problem.

* The endcap drive system needs modification to shapnber misalignment. The drive needs to be appliehe
one wheel only. The interim solution of removingvd belts and translating the endcaps manuallyasking
well.

» The TCU transformers (240V/110V single-phase) Hailed on a couple of occasions. These have begaged
with locally manufactured transformers with highated capacity.

« The water chiller (compressor) fails at high ambtemperatures (>30°C cf specified operation ta35°A design
for a new chilled water supply system design irgpess, utilising redundant chillers, pumps anda-k&change
system for improved reliability.



CURRENT OPERATIONAL STATUS

The S2F is operational and is currently being deetiDLT and “Pocket Rocket” thruster development
testing. At time of writing, the TMS and PCS thergest subsystems are operational, and the PhBystem is
ready for integration.

The S2F will be reconfigured at the end-Novembed42id support of GMTIFS Beam Steering Mirror
prototype qualification testing @ 100K.

The S2F will also be utilised for TVAC acceptanesting of several University CubeSats in early 2015
CONCLUSION

The S2F is a unique multi-purpose vacuum testifaciesigned to provide safe and cost-effectivérigsand
with the flexibility to undertake a number of diféat types of test regime within the one facility.

The S2F is the cornerstone of a new national fgcli the ANU AITC for the assembly, integratiordan
testing of space instrumentation and hardwareés the only TVAC system in Australia (and the ABiacific
region) and combined with the vibration test fagjlelectromagnetic compatibility chamber, masspprtes testing
and cleanrooms, will allow hardware developersaimlete all instrumentation and space hardware teshe one
facility.

The S2F has also enabled and facilitated the oggtewelopment of electric propulsion thruster textbgy by
the SP3 group, in-house, in a world-class facility.
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Figure 18: S2F — the corner stone of a nationallfycfor instrumentation assembly, integration ést
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