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anomalous wheel performance and although the exact
temperature condition achieved during these enforced and
unplanned hibernation periods is not accurately known, on
both these occasions it has been calculated that the wheels
could have been subjected to very low temperatures (as
low as -60°C) for long periods. In the more recent case
- SOHO - the in-orbit results from the spacecraft indicate
that the wheels were not harmed by this unfortunate
episode and are still functioning to specification.
These 2 in-orbit occurrences together with the availability
of a life test wheel, utilising the same oil and lubrication
system, as proposed for Rosetta, and built to the same
processes and procedures permitted Astrium UK to
embark on the hibernation test programme with a high
degree of confidence that the wheel would survive being
frozen and be capable of being returned to an operational
condition afterwards.
As stated the development of the recovery procedure was
seen as an important part of the hibernation test
programme to assist with the development of the
operational procedures for this part of the mission. To this
end the experience gained and knowledge from the SOHO
recovery programme was also invaluable.
The hibernation test programme was successfully
executed in the summer of 1999 and the Rosetta flight
wheels delivered exactly on schedule in Nov 2000.

ABSTRACT
During the course of the Rosetta mission as the spacecraft
approaches the orbit of Jupiter it will be subjected to an 18
month hibernation period to conserve energy. During this
phase, the Reaction Wheels will see very low
temperatures and as part of the qualification programme
for the Rosetta mission an existing life test wheel was
frozen at -35°C for 30 days to demonstrate that a
mechanical wheel could survive this condition and be
recovered to an operational state for the main
observational period of the mission. A life test wheel,
which had been on test since mid 1996, was tested prior to
being frozen, immediately after hibernation and again
14 months later, just prior to the exactly on schedule
delivery of the flight hardware. Development of the
recovery procedure was also seen as an important part of
this programme to assist with the development of the inorbit operational procedures for this part of the mission.
Keywords: Astrium, Reaction Wheel, Momentum
Wheel, Hibernation test, Rosetta, XMM, SOHO,
Integral, Stork.
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BACKGROUND INFORMATION

Astrium UK has been actively involved in the study,
design, development, manufacture and test of both ball
bearing and magnetic bearing Reaction and Momentum
Wheels since the early 1970s. The qualification of the
current family of ASTRIUM Reaction and Momentum
Wheels was successfully completed in 1991 with a
0.3 Nm/70 Nms QM wheel qualifying three different sizes
of wheel. Following this qualification programme
Astrium UK has successfully supplied wheels to Ball
Space Systems for Radarsat 1, to OSC for Apex and
SeaSTAR, to Houwteq of South Africa for their Greensat
programme, to the UK MOD for the Skynet 4 Stage II
contract (3 spacecraft sets) and to ESA for SOHO, XMM,
Integral and more recently, for the subject of this paper,
Rosetta. These flight programmes together with 7 life test
wheels has resulted in the recent accumulation (Jan 2001)
of 1,000,000 operational wheel hours.
During the course of this 20-year involvement on 2
occasions the spacecraft have been lost, subjected to
extreme cold conditions, recovered and returned to a fully
operational condition. This was not related to any
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HIBERNATION TEST PROGRAMME

2.1
Life Test Wheel Details
The wheel chosen for the Hibernation Life Test Model
(HLTM) was the Flight Spare for SOHO (known as
SOHO FM5). This unit had originally been built as part of
the SOHO programme and after the launch of SOHO was
stripped and rebuilt, subjected to a qualification test
programme and then placed on life test in Aug 1996. The
life test area is an uncontrolled environment subject to the
external variations in ambient temperature. This means
that all the wheels are subject to both daily and annual
temperature cycles and whilst not as extreme as that
predicted for many missions is probably more severe than
that seen in reality. Utilising the ambient environment in
this manner helps to reduce the cost of the life test
programme and because it is not subject to failure
monitoring of the wheels during their life test period can
be kept to a minimum
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The following table details the HLTM background and
build details and compares it with the specified
requirements and the wheel design supplied for the
Rosetta programme

From this table it can be seen that there is very good
agreement between the life test wheel and the
requirements for those being supplied for Rosetta. The
only major difference is the torque output from the motor.
SOHO specified a requirement of 0.15 Nm whereas the
Rosetta wheel, which was supplied as a build to print of
those supplied for XMM and Integral (apart from the
change from KG80 oil (used on XMM and Integral) to
SRG60 in an effort to reduce the power consumption
under cold conditions), has a torque output of 0.2 Nm. For
the purpose of the Hibernation life test this was not seen
as an important difference and would not have an impact
on the conclusions and information that could be drawn
from the test. The presence of an existing representative
unit that had already been subjected to several years
running and could be frozen and then retested, before the
launch, in a manner representative of the Rosetta mission
profile within the time frame of the Rosetta wheel contract
was seen as a positive advantage and demonstrates the
need for continuity of provision of critical equipment
within the ESA industrial sphere.
As a result of the HLTM test profile of 4 cycles per day it
can be seen that the HLTM will have accumulated
approximately 8100 zero crossings prior to the launch of
Rosetta, compared with a mission requirements of 3000
zero crossings (2000 in-orbit).
Apart from the presence of a bearing heater on the Rosetta
RWAs there is no fundamental design differences
between the bearings fitted to the Rosetta RWAs and the
HLTM. The absence of the bearing heater on the HLTM
does mean that, unlike the flight wheels, as the test wheel
cools down during the winter months, the bearings will
not be maintained above a minimum operational
temperature. Because of design changes to the wheel
structure to accommodate the heater it was not possible to
implement a heater into the assembled HLTM without
significant risk of damage to the assembly. As it is not
considered vital to the life test programme no efforts were
made to implement it for these Rosetta specific tests.

HLTM (SOHO FM5)
Rosetta RWA (FM)
Speed Range
±4000 rpm
±4000 rpm
Torque Output
± 0.15 Nm
± 0.2 Nm
Momentum Capacity
40 Nms
40 Nms
Oil
SRG 60
SRG 60
Bearing Housing Design Differences
No Bearing Heater
Bearing Heater
Start of Life Test
15-Aug-1996
N/a
Life Test Cycle
N/a
-4000 rpm to +4000 rpm
4 times per day,
changeover period 2
minutes (approx)
Operational Temperature Range
Life Test:
Design:
-5°C to + 30°C
(recorded values - annual
variation)
Number of Zero Crossings
Approx. 4000 prior to start
3000 (1000 on ground,
of hibernation life test
2000 in-orbit)
Approx. 8100+ prior to
launch of Rosetta in Jan
2003
Qualification Vibration
Lateral axis:
Lateral axis:
Duration 90 seconds
Duration 90 seconds
Input:
Input:
Un-notched: 12.71 grms
Notched: 12.11 grms
Notched: 6 grms
Axial axis
Duration 90 seconds
Input:
Un-notched:19.75 grms
Notched: 18.86 grms
Qualification Thermal
Max Hot Survival
65°C
Max Hot Operational 50°C
Min Start up
-10°C
Non-op Survival
-10°C

2.2
Risk Mitigation
Prior to the start of the HLTM test programme a risk
assessment identified several areas of concern that were
investigated and retired prior to the start of testing.
Those areas were:
• Wake-Up Procedure and
• Effects of Low Temperature on Oil Additives
• Duration of Hibernation Test Period
• Effect of Low Temperature on Wheel Balance

Axial axis
Duration 90 seconds
Input:
Notched: 6 grms
Max Hot Survival
70°C
Max Hot operational..50°C
Min Start up
-15°C
Non-op Survival
-35°C

i. With regards to the wake up procedure the existence
of an identical in-orbit product, that co-incidentally had
also been frozen, provided valuable inputs to this
procedure. The ability to monitor the performance of the
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RWA in much closer detail on the ground, compared with
in-orbit, allows for the wake-up procedure to be annotated
with information regarding the expected rate of recovery
of the RWAs post hibernation, thereby providing
additional information for the spacecraft operators in
2011.

HLTM and the Rosetta flight wheels and the fact that the
HLTM had not been pre-conditioned for the extreme cold
temperature condition, the hibernation test could only
indicate the potential magnitude of any problem in this
region and maintenance of balance was not accepted as a
criterion for the test.

ii. SRG60, the oil used in the Rosetta RWAs, contains
high-pressure additives that could separate out during the
freezing processes. After discussions with the oil
manufacturers and ESTL, the common consensus was that
although the high-pressure additives would indeed
separate out as the temperature fell they would remain in
suspension within the frozen oil. They would then
quickly re-consolidate into the oil by virtue of the natural
mixing action that will occur as a result of rotating the
bearings. The end result being that the oil would fairly
quickly return to its original condition.

2.3
Test Programme
Prior to SOHO FM5 being placed on life test on 15th
August 1996 it was subjected to a qualification vibration
test and a qualification thermal test as defined in the table
above.
The planned test programme for the Hibernation Test was
as follows:• Initial Health Tests
• Squeal Test
• Cold Storage
• Wake-Up
• Health Check
• Microvibration/Torque Ripple and Torque
Moments Tests
• Final Health Check

iii. Test Period: Within the time frame of the Rosetta
Wheel contract there was insufficient time to execute an
18-month hibernation test and then verify and implement
any changes necessary to circumvent any failures or
anomalies resulting from the cold storage. Again after
discussions with the oil manufacturers, ESTL et al., the
common consensus was that a period of 30 days was
sufficient to satisfactorily demonstrate the potential for
surviving 18 months at similar conditions. Once frozen
there will not be any forces (e.g. generated by thermal
gradients for example) of sufficient magnitude to cause
migration of the frozen oil away from the bearings. In
addition any mechanical stresses generated by the cold
conditions will have stabilised fairly shortly after the start
of the hibernation and will not increase purely as a
function of time.

Taking each test in turn:
Initial Health Check:
This test sequence consists of 4 individual test:
• Stiction Test
• Full Torque/Full Speed
• Passive Run Down
• Intermittent Speed Performance
These tests are designed to monitor the full performance
envelope of the RWA to demonstrate that it is performing
satisfactorily. They form part of the normal health check
performed on all wheels delivered by Astrium.

iv. Balance: Over the course of many wheel
programmes the rotor balancing procedure has evolved to
eliminate the potential for rotor balance changes as a
result of the vibration and thermal environments. The
maximum cold condition of -35ºC for the Rosetta
programme was significantly colder than experienced on
previous programmes (previous worst case -20ºC) and as
such concerns existed that relative movements of the
wheel structure during hibernation would cause the
balance to change. It is not possible to calculate this effect
and the availability of an existing life test wheel, which
could be used, meant, in part, early resolution of this
potentially major concern through the hibernation test. It
should be noted that as a result of balance problems
during the Integral programme the design of the rotor was
modified slightly for Rosetta in an attempt to reduce the
possibility of the balance changing during environmental
testing. As a result of the difference in design between the

Squeal Test:
This test was introduced into the wheel test catalogue
during the SOHO wheel programme and is designed to
test the lubrication system by running the wheel at low
torque through the operating speed range. These
conditions are liable to instigate cage instability evident
by a loud squealing noise as the cage vibrates and
oscillates in a chaotic manner.
Cold Storage:
This is the main part of the HLTM test programme and
involved freezing the RWA at -35ºC for 30 days. The test
was performed at ambient pressure predominantly to
avoid tying up a thermal vacuum chamber for a month but
also because the wheel is evacuated the external pressure
has no impact on the performance of the wheel within the
sealed enclosure.
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Initial Health Tests and Balance
Wake-Up:
The wake-up sequence was of particular interest as it was
important to develop a procedure that could be executed
during the mission and which would be sure of
re-activating the wheels without damaging them in any
way. The wake-up sequence was taken from that used on
the SOHO recovery programme and consisted of running
the wheel at an intermediary speed for several hours prior
to allowing the wheel to be spun to full speed and
exercised across its operational envelope.
Health Check:
The post hibernation health check was a repeat of the
Initial Health Check and provided early means of
verifying that there was no evidence of any damage to the
wheel as a result of being frozen for a month.
Microvibration, Torque Ripple and Torque Moments
Tests:
The Microvibration and Torque Ripple Tests are part of
the normal catalogue of tests for any wheel supplied by
Astrium and are used to monitor the structural noise being
generated by the wheel. From this the potential impact on
any piece of spacecraft equipment can be assessed. The
test consists of mounting the wheel on a 3-axis dynamic
force transducer and then operating the wheel through
various speed ranges. Data captured in the time domain
can then be plotted against wheel speed and frequency in a
variety of formats; spectrum plots, waterfall plots, order
plots etc to allow a full appreciation/understanding of the
results acquired. The Torque Moments test was new to the
test catalogue for Rosetta and as such the early execution
of this test with the HLTM allowed the development of
the test technique on a model that was less schedule
critical than had the test been initially executed on the
EQM or PFM unit.
Final Health Check:
The final health check was, from the outset, planned to be
performed around the time of FM RWA delivery
- approximately 14 months after the Hibernation Test - to
demonstrate that the RWA was capable of operating
satisfactorily for the main period of the Rosetta mission,
namely the observation of Wirtannen.
2.4
Test Results
The following plots represent a small section of the full
gamut of test plots produced for each wheel test
programme.

The results from the initial Balance check were as
follows:
Static Balance
Dynamic Balance
(gmcm)
(gmcm2)
CW
CCW
CW
CCW
Pre Test
0.276
0.264
3.864
4.088
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Squeal Test

Balance
The results from the post Hibernation Balance check were
as follows:
Static Balance
Dynamic Balance
(gmcm)
(gmcm2)
CW
CCW
CW
CCW
Post Test
0.0960
0.0760
21.84
22.4
Final Health Check

Wake-Up

Speed
Torque
Post Hibernation Health Check
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Final Squeal Test

From the above chart it can be seen that both types of ‘O’
seal and the grease were being used outside their
respective recommended operating temperature ranges.
From manufacturers information the grease becomes very
stiff at -35°C and the Nitrile rubber seals also become
hard and brittle although they should still function as a
seal. Both the Nitrile rubber and the grease will fully
recover on return to ambient temperature and the life of
the nitrile rubber seals, because they are used in a static
condition, is longer (circa 20 years) than the duration of
the Rosetta mission. The same information was not
available for the VITON ‘ O’ seal but because the power
consumption stabilised after the hibernation test it can be
taken that this seal fully recovered.
Following this test and investigations a new seal material,
Nitrile Rubber to DTD5594A Grade 90, and coating
grease, Braycote 601, were identified and a test plan
drawn up to re-qualify the seals and grease used during
installation.
Three separate tests were undertaken; sample tests using
different seal/grease combinations, a 30 day freezer test
on the new cover seal using the cover leak test fixture, and
a separate cycling and qualification leak test by the
Electrical Lead Through manufacturer.
The leak test on the cover involved assembling a cover to
the leak test fixture, using the new seal and grease and
then freezing the assembly at -35°C for 30 days. The
cover was connected to a leak detector via a valve, such
that the cover and fixture could be evacuated before the
start of the test and then completely isolated in between
the timed leak detection events on days 1, 2, 5, 10, 20 and
30. These periods were selected to give early indication of
any problems and because of technical problems of
monitoring the leak rate continuously or using a pressure
gauge to monitor the cover internal pressure.
Before executing the test using the new seal and grease,
2 separate tests utilising the old seal/old grease and old
seal/new grease combinations were performed.

Speed

2.5
Follow On Work
From the initial results following cold storage it was
apparent that the pressure in the HLTM had increased
dramatically above the normal value. After running the
wheel for several weeks to allow the performance to
stabilise the wheel was re-evacuated and during this
process it was possible to determine that the pressure
inside the wheel had risen to approximately 250 millibars.
Evaluation of potential leak sources identified 4 possible
sites; three ‘O’ seals with slightly different configurations
and a metal-to-metal seal in the evacuation port.

LOCATION

Cover to
Baseplate

Base of
Shaft

Electrical
Lead
Through

Seal Dimensions
Seal Material
Grease Material
Seal operating temperature range
Grease operating temperature range
1.52/1.68 dia x 347.0/348.5 id
High Nitrile Rubber DTD5509 Grade C
Apeizon H
-30°C to +110°C
-10°C to +240°C
1.70/1.86 dia x 47.75/46.99 id
High Nitrile Rubber DTD5509 Grade C
Apeizon H
-30°C to +110°C
-10°C to +240°C
2.3dia x 10.4 id
VITON 19357
Apeizon H
-20°C to +100°C
-10°C to +240°C

The results of these tests were as follows:Old Seal/Old Grease
Leaked at -10°C

Old Seal/New Grease
Did not leak at -35°C. Test
period ~3 hours
Leak detection was performed by injecting a quantity of
helium into a bag surrounding the cover/fixture assembly
and then using the leak detector to indicate leakage of
helium into the cover cavity.
The test using the New Seal Material and the New Grease
was performed for 30 days without any evidence of
leakage.
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the fact that the unit had not been preconditioned for this
temperature during its original balancing exercise this shift
was not considered disastrous. Design changes had already
been introduced to the rotor to prevent the balance shifts
that were seen on the Integral programme and these had
already been proven on the Rosetta EQM wheel
programme. With regards to the flight wheels, 4 out of the
5 went through their respective test programmes with the
balance remaining in specification. The fifth unit showed a
slight shift after Thermal Cycling and was successfully
reworked and retested within specified requirements. As
part of their respective build and test programmes all flight
wheels were subjected to a temperature excursion to -25ºC
(-35ºC for PFM) supporting work undertaken during the
hibernation test programme and also validating the design
change.
b) Wake-Up Procedure: The procedure used during the
wake-up has been copied across into the users manual to
become the defined process to be used to wake-up the
wheels following the planned hibernation. The results
from the HLTM unit show that the wheel will recover
satisfactorily if this process is used and that it will take
approximately 3 hrs for the wheels’ performance to
stabilise and become acceptable. During this period the
wheels can still be used to re-orientate the spacecraft, if
required, but the torque output will not be as smooth and
some discontinuities could be experienced. These, as
mentioned, are expected to disappear after approximately
96 hours of operation.

The leak test on the electrical lead through was
undertaken by the manufacturer and involved cycling the
lead through between -35°C and +70°C and ensuring that
no evidence of leakage could be detected across the lead
through with a pressure differential of 1 bar across the
length of the lead through. The lead through was held at
the temperature extremes for 3 hours.
These results qualified the new seal material and grease
combination for use on the Rosetta mission.
The seal between the base of the shaft and the baseplate,
was qualified by similarity as it had the same material and
grease coating as the other 2 test samples.
The forth potential leak site was the evacuation port which
was discounted after discussions. This consists of a steel
ball preloaded against an aluminium seat. It was
discounted on the basis that the metal-to-metal seal was
backed up by a screw thread locked and sealed with a
polyurethane locking compound. In our experience this
port has never leaked and after due consideration it was
thought that it was unlikely to change with temperature. In
addition the pressure differential across the ball due to
external ambient pressure, means that a high preload is
always maintained, irrespective of temperature, and
therefore the seal was unlikely to fail.
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SUMMARY AND CONCLUSION

The Rosetta HLTM passed the hibernation test with a
failure of one of the ‘O’ seal interfaces between the
internal vacuum and the external environment. The seal
material and the grease coating it were changed with a
demonstrated resolution. Supplementary testing showed
that the grease was probably the source of the leak and not
the ‘O’ seal material. This is though to be due to the
grease providing a seal against potential micro leak paths
due to surface imperfections, which were probably as a
result of machining during manufacture.
The tests performed approximately 14 months after the
hibernation show that the wheel performance is still
within specification and therefore the Rosetta RWA’s
should be able to perform satisfactorily for the period of
observation of the comet Wirtannen.
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FOOTNOTE

The HLTM unit is still on life test (June 2001) with
performance being monitored weekly. Results remain
acceptable and the unit does not appear to have suffered
any long term degradation as a result of the Hibernation
Test.
Upon the formation of Astrium the European Commission
ruled that the Mechanical Wheel product was to be
divested and the technology has subsequently been sold to
STORK. Stork intends to develop and actively promote
the product, initially with support from Astrium UK, with
an aim to securing work in the near future.
Although the SOHO mission is not being used to qualify
the wheels for Rosetta, all 4 wheels on SOHO are
presently (June 2001) functioning correctly 3 years after
being frozen.

With regards to the other aims of the test programme:
a) Balance: As mentioned the maintenance of balance
was not part of the criteria for the hibernation test but
because of problems on earlier programmes, it was of
interest in determining the possible magnitude of any
problem in this area.
From the 2 tables in the body of the paper it can be seen
that there was a shift in the Dynamic Balance to just
outside the Rosetta requirement of 20 gmcm2.
Considering the severity of the thermal survival test and

7

