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ABSTRACT
This paper addresses the life testing activities performed
on the Eaton /Cooper Industries Model 9421 Separation
Nut Actuator (SNA) as customized to OHB Italia
procurement. The Separation Nuts are used to release the
Launch Locking Devices (LLD) for two different
instruments on board MetOp SG-B, the Micro-Wave
Imager (MWI) and the Ice Cloud Imager (ICI), once in
orbit.
The SNA is a US product that has an extensive space
heritage including ESA missions (e.g. GAIA); however,
it was not designed nor tested per current mechanisms
ECSS standards. As part of the MetOp SG-B program, a
thorough Equipment Qualification Status Review
(EQSR) was performed with respect to the OHB-I
procurement specification, which included requirements
per ECSS standards. One of the findings of the EQSR
was that the life requirements with ECSS factors on the
number of ground and flight actuations were never
demonstrated before. It was thus determined that
additional testing was required to complement the
heritage qualification status of the device. A “Life
Confidence Test” was defined as informed by the ECSS
rules, while considering a simplified approach for the
usage of the SNA for ground testing.
Although the life test was successfully completed, it was
not flawless. An anomaly was experienced during the
final proof load application, before the final actuation.
The threads of the bolt used for applying this final proof
load to the SNA failed after being loaded at levels within
the proof load tolerance band; however, the SNA was
able to successfully perform the final release upon the
installation of a new bolt. This paper discusses the
implementation of the overall life test and details root
cause investigation performed following this anomaly.
Findings that will be discussed include the definition of
damage propagation sensitive parameters and SNA
health monitoring strategies.

INTRODUCTION
The scope of the paper is to discuss the life testing
activities of the Eaton 9421-1600-001 Separation Nut
Actuator (SNA), used on the Launch Locking Devices
(LLD) of the Micro-Wave Imager (MWI) and the Ice
Cloud Imager (ICI) instruments of the MetOp SG

Satellite B. Four LLDs are used on MWI and three LLDs
are used on ICI.
The scope of the Separation Nut is to release in orbit the
bolts that are blocking the Rotating Decks of the two
instruments during launch.

Figure 1. ICI LLD accommodating the Separation Nut

Figure 2. MWI LLD accommodating the Separation Nut

Eaton Series 9421 Separation Nut Actuator
Overview
The first development of the Separation Nut 9421 dates
back to 1993. It is an US product of the Cooper
Interconnect (now Eaton) and its heritage includes
International Space Station resupply missions, Mars
landers and multiple satellite programs (also ESA
missions such as GAIA) [2].
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A total of 4372 Separation Nuts have been delivered to
different customers since 1994 as of April 2019.

In Fig. 5, an exploded view of the electrical activation
chain is presented.
For ground testing, it is possible to use a manual
mechanical activation device instead of the split-spools
and cables.

Figure 3. Eaton 9421-1600 Series Separation Nut
The separation nut provides a 5/16” female thread,
divided in three segments. A bolt can be tightened inside
this thread, reacting loads up to 42 kN. When the
separation nut is commanded, the female thread releases
the preloaded bolt, allowing the joint separation.
The cutaway drawing (Fig. 4) depicts the separation nut
configured with redundant split-spool initiators. When
armed, the spool assemblies constrain the plungers and
rocker preventing the threaded segments from releasing
the bolt. Initiation of either spool assembly unlocks the
plunger and rocker allowing the expanding compression
spring to free the segments and release the bolt.

Figure 4. Cutaway view of the Eaton Separation Nut
Main technical features of the 9421-1600 5/16”
Separation Nut are:
 Design load: 42.2 kN
 Weight: 225 g
 Operating temperature: from -150°C to 130 °C
 Response time: < 25 ms @4.5 A (per initiator)
The refurbishment process consists in the substitution of
the expended split-spool initiators and takes just some
minutes.

Figure 5. Exploded view of SNA with the Electrical
split-spool

LIFETIME CONFIDENCE TEST OF THE 94211600-001 SEPARATION NUT
As a results of the Equipment Qualification Status
Review (EQSR) of the SNA performed in the frame of
the LLD developments, one of the findings was that the
life requirements with ECSS provisions and factors for
the number of flight and ground actuations were not
previously demonstrated by qualification testing on the
actuator.
The approach agreed with the Customer and the Agency
to address the life capabilities of the SNA is here
outlined:
 the wide space heritage of the 9421 Model was
considered during the EQSR as reference to
demonstrate the qualification status: the SNA has
been extensively used in space since the ‘90s and
has also been used in other ESA space missions
(e.g. GAIA); in the past, Eaton already performed
a life test with 6 activations;
 the utilization strategy of the SNAs in the frame
of the ICI and MWI projects has been defined in
such a way to minimize the required life of the
actuator: actual flight items will be activated only
once on ground (for SNA acceptance) and once in
orbit, for the actual release. In such framework,
the SNA life test will require as per clause
4.8.3.3.14 [1] 1 orbit release x10 +1 ground
release x4 (but minimum 10) = 20 cycles;
On such a base, at the EQSR it was agreed that a proper
Life Confidence Test (LCT) would have been adequate
for providing additional confirmation of the SNA
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capabilities.
The Life Confidence Test has been based on the ECSS
rules as far as the static load application, worst
temperature environment and numbers of cycles are
concerned. However, only two releases have been
performed in vacuum and the test article was not subject
to a complete environmental qualification test campaign.
The comparison of the envisaged LCT with respect to the
requirements of the ECSS [1] are outlined in Tab. 1.

the life performance of these items too. In fact, the above
defined 20 activations would encompass 5 ground
activations according to ECSS factors. Considering the
possibility of inspection of the SNA between successive
activations, the LLD Projects accepted up to 8 activations
as maximum number for these ground-use SNAs.

Table 1 - Life Confidence Test comparison with ECSS
requirements for Life Testing for Mechanisms [1]

The test sequence and the applicable levels are reported
in Tab. 2.

Test
Vibration

Thermal loads

Loading

Contact stress
Motion
profile and
speed

Number of
activations

Additional
aspects not
tracked in the
ECSS, but
verified
during the
Life
Confidence
Test.

Comparison with [1]
Not consistent to [1].
The vibration loads have a negligible
impact wrt the static loads applied to the
actuator in the specific application.
In conjunction with the SNA heritage for
covering other important aspects such as
any potential internal relative motion/
wear/ settling/ cold welding / etc., this led
to accept no vibration test to be done.
Partially consistent to [1]: qualification
levels and acceptance durations (instead of
qualification durations). Usually, when
lubricant is used, the cold actuation is the
worst one; however, for this equipment the
cold case is not strictly the worst one. For
this reason, a release sequence under
different environmental conditions was
defined in order to have a wide range
testing.
Consistent to [1]:
Worse case than the final LLD design for
both release load and proof load levels.
Consistent to [1]:
Consistent to [1]:
worst case, as the damage on the bolt used
for the life testing was higher than the
damage that is visible on the bolts released
in the LLDs.
Consistent to [1] as far as flight units are
concerned (20 activations), but only 2 tests
(instead of 10) have been performed in
vacuum.
Some items (Cable Assy and Plungers)
were already known to have a limited life
(being a consumable in a several
activations scenario): the Life Confidence
Test aimed at defining an estimation of the
necessary consumables for the SNA sets
dedicated to ground testing activities.
Also the bolt wear has been characterized
for sequential tightening cycle on the same
actuator w/o performing the release test.

The utilization approach for the items to be flown (2
actuations overall) imposes the need for using actuators
dedicated to ground testing activities at LLD, Instrument
and Spacecraft level. The LCT provides confidence on

Life Confidence Test Sequence and Levels

Table 2 - Life Confidence Test Sequence
Release#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
-

Test description
Inspection (with X-ray)
10 cycles of preloading/unloading of the
bolt/SNA to the release load
(cycles performed with the same bolt, with
the aim of characterizing the life of the bolt)
Proof load
Thermal Cycling
Electrical act. (2 spools) - Vacuum
Mechanical act. - Low preload case
Mechanical act. - Cold
Mechanical act.- Ambient
Mechanical act. - Ambient
Mechanical act.- Ambient
Mechanical - Ambient
Mechanical - Cold
Mechanical – Hot
Mechanical – Cold
Mechanical – Ambient
Electrical (1 spool) – Ambient
Electrical (1 spool) – Ambient
Electrical (1 spool) – Ambient
Electrical (1 spool) – Ambient
Electrical (1 spool) – Cold
Electrical (1 spool) – Hot
Electrical (1 spool) – Cold
Electrical (1 spool) – Ambient
Proof load
Inspection (with X-ray)
Electrical act. (2 spools) – Vacuum
Final inspection: UUT is disassembled and
its parts inspected

The temperature and pressure test levels are hereby
specified:
 Cold activations at -60°C (-0 / -4°C);
 Hot activations at +60 °C (+4°C / +0);
 Ambient activations at 20°C ÷ 25°C;
 Thermal cycling:
o +70°C and 2 hours dwell time;
o +60°C and 2 hours dwell time;
o -70°C and 2 hours dwell time;
o repeat 4 times the following cycle:
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 -60°C and 2 hours dwell time;
 +60°C and 2 hours dwell time.
Vacuum: pressure less than 1.3e-5 mbar.

The following preloads were applicable:
 Low Preload: 5000 N;
 Release Load: 33000 N;
 Proof Load: 49500 N.
Activations are performed in different ways:
 electrical activation with 2 spools means that both
Main and Redundant lines are independently and
simultaneously activated with the firing current;
 electrical activation with 1 spools means that only
the Main line was activated. This condition was
more stressful for the Cable Assy of the activated
line and for the Plunger of the non-activated line;
 manual mechanical activation.

UNIT UNDER TEST
The Unit Under Test (UUT) is the Separation Nut P/N
9421-1600-001 S/N: 0002P. The Unit was new and never
used nor activated before the beginning of Life
Confidence Test.
The -001 final numbers of the P/N identify the
customization of the SNA P/N 9421-1600 for OHB-I,
consisting in small modifications on the external case,
but without any change in the internal functional
elements with respect to the standard design.

because of the contact with the threaded segments of the
SNA during the extraction motion. As the SNA threads
are made of a harder material with respect to the bolt ones
(MP35 against the Inconel 718 of the bolt), the bolt was
much more damaged than the SNA threads; a harder
material of the bolt would cause a lower life of the
actuator.
Some bolts have been tightened several times in the SNA
without performing the release test in order to
characterize the wear behaviour of the bolt itself. The
underhead area of the bolt was lubricated using Braycote
601 EF high vacuum grease before each tightening cycle.
After each tightening cycle, the bolts were inspected and
the underhead area was cleaned using Braycote solvent
Castrol Fluoroclean X10.
Threads were never lubricated, but only cleaned with a
wipe in order to remove dry-lube MoS2 particles, peeled
during the previous preloading of the bolt in the SNA.

TEST SETUP
The UUT was mounted in two different test setups,
depending on the test to be performed:
 Setup 1 for proof load test: used for test in laboratory
(Fig. 7 and Fig. 8) to apply 49.5 kN to the SNA in
tension;
 Setup 2 for all other tests (10 cycles of
preloading/unloading of the bolt up to the release
load, thermal cycling, all other actuations): used for
test in laboratory, in the climatic chamber and in
thermal vacuum chamber (Fig. 9). The load applied
to the SNA in this test set-up was 33kN ± 1.9kN.
A dedicated Proof Load test setup was necessary as the
preload of 49.5 kN was not reachable with a torque value
lower than 45 Nm, which is the no-exceed torque for the
SNA.

Figure 6. UUT 9421-1600-001
Bolt
The bolt used for life confidence test was the MS14181
dry-lubricated (L) bolt with MoS2. This Part Number is
for an Inconel 718 bolt 220ksi Ftu according to
NAS4008. It is the same standard used for the ICI LLD
and MWI LLD Flight models. The choice of the same
bolt used on the ground and in-orbit releases is a key
feature for a realistic life testing of the SNA. Indeed, at
each release, the bolt was damaged in the threads area

Figure 7. Proof Load test setup
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The first 10 SNA loading cycles (without any release)
have been performed with the same bolt with a torque
always lower than the SNA torque limit (45 Nm). The
torque increased with the number of cycles; once the bolt
has been changed (for thermal cycling), the lowest torque
levels were restored, showing that no deterioration
occurred on the SNA threaded segments (Fig. 10 and
Tab. 3).
Table 3 – Torque vs Preload ratio summary
Test

Figure 9. Test Setup used for the loading/unloading
cycles and for all actuations

TEST RESULTS
Torque versus Preload ratio
The torque vs preload is a parameter that was monitored
since the beginning, as a health monitoring index in the
test Setup 2.

Cycle#1
Cycle#2
Cycle#3
Cycle#4
Cycle#5
Cycle#6
Cycle#7
Cycle#8
Cycle#9
Cycle#10
Thermal
Cycling
R#01
R#03
R#04
R#05
R#06
R#07
R#08
R#09
R#10
R#11
R#12
R#13
R#14
R#15
R#16
R#17
R#18
R#19

Torque
[Nm]

Preload
[kN]

22
23
25
27
33
37
36
39
40
38

33
33.4
32.9
32.4
32.6
32.9
32.9
33.2
33.2
30

Ratio
Torque/Preload
[Nm/kN]
0.67
0.69
0.76
0.83
1.01
1.12
1.09
1.17
1.2
1.27

22

30.2

0.73

New

32
25
23
22
22
22
21
21
25
25
25
24
20
20
21
20
20
20

34
34.2
33.1
33.3
33
33.1
34.4
32.2
34.1
33.1
33.1
33.8
33.6
33.7
34.2
32.8
34.1
33.1

0.94
0.73
0.69
0.66
0.67
0.66
0.61
0.65
0.73
0.76
0.76
0.71
0.6
0.59
0.61
0.61
0.59
0.6

New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New

Bolt
New
performed with the same
bolt used in the previous
cycle

Figure 8. Proof Load test setup cutaway view

Release of the bolt

Figure 10. Torque and Preload during the initial
tightening cycles and after each release.

The release event was always damaging the bolts. In fact,
as the split nut opens, the area of the bolts threads that
keeps the load reduces; consequently, at some point, the
load is high enough to plastically deform the weakest
material (i.e. the bolt). It was an expected, designed
behaviour. Substitution of the bolt was necessary after
each release at 33 kN.
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Figure 11. Bolt after the release in the Life Confidence
Test setup
A comparison of the damage of the bolts in the Life
Confidence Test Setup with respect to the damage on the
bolts after the release in ICI LLD (Fig. 12), shows that
the Life Confidence test has been more stressful for the
bolts, and thus also for the SNA, than a release on the
LLDs.
Therefore, it is very likely that the tested case was a worst
case for the SNA threaded segments.

After the failure, the torque vs preload characteristic of
the SNA changed and it was only possible to preload the
SNA for the last release R#20 at 90% of the foreseen
release load (last release was at 28 kN instead of a
minimum 31.1 kN). The final release (R#20) was
performed successfully.
The assessment of the root cause of the Proof Load #2
failure was possible only after dismounting the SNA for
the final inspection at Eaton premises. It was determined
that the accumulation of deformation of several
components contributed to the radial displacement of the
threaded segments, therefore reducing the effective
contact surface between the SNA threads and the bolt
ones. A worst case computation of all the measured outof-tolerances (simple summation of contributions), led to
a radial contact reduction of 0.006 – 0.008 inches with
respect to a nominal radial engagement of about 0.018
inches. This increasing in the minimum thread diameter
in the SNA caused the reduction of the bolt thread pull
out force capability (by using the reduced radial
engagement the pull out MoS for the bolt was negative).
Since the LLD Projects requirement in terms of proof
load has been revisited (the value was lowered to 40.5
kN), it was possible to consider the successful proof load
at 47kN as an acceptable result.

ADDITIONAL OUTCOME OF THE TEST

Figure 12. Bolt after the release in ICI LLD
Proof Load #2 failure and last release
The last activation of the life test had to be forerun by the
second proof load test. During the Proof Load#2, the
SNA was loaded at 47.1 kN and held this load for more
than 5 minutes. When attempting to slightly increase the
load (target value was 49.5 kN), at 49.0 kN the bolt thread
failed and the bolt slipped out of about 2 mm. Fig.13
shows the extensive damage to the bolt thread in
correspondence of the grip of the three holding segments
of the SNA.
Inspection of the SNA nut thread revealed visible damage
on the 3 segments of the nut.

Figure 13. Bolt damage after Proof Load #2 failure –
lateral and front views

After each release test, the SNA was refurbished in order
to replace the spools initiators. During the refurbishment
activity, it was foreseen to dismount and inspect all the
SNA parts highlighted in Fig. 5. At the end of the test, a
complete inspection to all the SNA parts highlighted in
Fig. 4 has been performed by Eaton.
Plungers
After 5 activations, it was no longer possible, during the
refurbishment operation, to extract the plunger on the
Redundant line, because of the plastic deformation of its
tip. The damage did not affect the successful
performance of the releases. The Redundant side plunger
was activated only in the first test (i.e. the dual electrical
activation, less stressful for both plungers), while in the
next activations, only the Main side was activated.
The damage to the Plunger tip on the non-activated line
is due to the impact of the Rocker which is made of a
harder material. In particular, the most stressful condition
for the plunger resulted to be the mechanical activation
case, followed by the single electrical activation. This
does not occur when both lines are electrically activated
(i.e.: baseline actuation strategy for the SNA used on
MWI and ICI LLD).
Therefore, the Life Confidence Test was conservative for
determining the expected life of the Plunger.
Post-test inspection allowed a complete view of the
Plungers after the test (Fig.15).

_____________________________________________________________________________________________
Proc. 18. European Space Mechanisms and Tribology Symposium 2019, Munich, Germany, 18.-20. September 2019

Figure 14. Typical damage on the Plunger tip after
multiple releases.
Figure 16. Cable Assy before testing (intact)

Figure 15. Plungers inspected after the test.
That kind of damage was expected by design, as the
damage occurred on the tip of the plunger of the nonactuated side.
Since the damage on the plunger followed an incremental
behaviour, it was possible to identify the criteria for
acceptability of plunger during inspection at SNA
refurbishment. Plungers are considered consumables
items for the Separation Nuts and they shall be
substituted in case of excessive damage.

Figure 17. Cable Assy damaged (after some activations)

Cable Assy damage
During the life test, the connector (Cable Assy, initiator
connector assembly of Fig. 5) which carries the electrical
current to the spool had to be replaced after 6 electrical
activations following an increasing damage to the
Insulator in contact with the spool, release after release.
Finally, the electrical leaf contacts failed; in any case, the
failure did not prevent the correct functioning of the
SNA, as the detachment of the electrical leaf contacts
occurred only after the release (one leaf contact was so
damaged that, during the refurbishment process, it was
broken when the operator tried to restore its original
shape).
The damage of the Insulator was observed in the past in
other occasions, so it was already expected that the Cable
Assy would not survive the whole Life Confidence Test.
A new cable performed the remaining four electrical
activations and at the end of the test it was in good shape
and still working.
The damage was assessed to be caused by mechanical
loads from the plunger, which impacts against the
electrical connector itself after the opening of the splitspool at the activation (Fig. 18).

Figure 18. Simulation of impact mode of the Plunger on
the Cable Assy.
Larger damages have been observed after single spool
activation and only minor ones were found after dual
activation.
Also in this case, the Life Confidence Test strategy was
conservative for determining the expected life of the
Cable Assy, because the dual electrical activation is the
baseline actuation strategy for the SNA used on MWI and
ICI LLD. Cable Assy is considered a consumable that can
be inspected and eventually substituted at each
refurbishment, and the Life Confidence Test was useful
in order to identify the acceptability criteria.
In case of SNA dedicated to flight, the Cable Assy will
be activated only once and then inspected during the
refurbishment process by Eaton.
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CONCLUSIONS
The Life Confidence Test cleared the use of the SNA
coupled with the Inconel bolt for flight (one ground
actuation plus one flight actuation) or for eight ground
actuations (for the MWI and ICI LLD Projects) by
considering a maximum proof load of 47kN that was
compatible with the MWI and ICI LLD applications (that
have as maximum proof load 40.5kN).
This test made also possible to identify SNA parts most
affected by degradation (i.e., wear, damage, deformation)
after each release:
 threads degradation of the SNA was found after final
inspection at the complete dismounting of the unit.
This degradation is limited by using bolts with lower
hardness and strength with respect to the SNA nut;
however, it lowers the pull out MoS of the bolt;
 Plungers and Cable Assy degradation was
characterized by testing in a worst case condition, as
both mechanical and single activations were more
stressful to these items than the standard dual one.
This allows the definition and implementation of a
“maintenance” approach both for the units earmarked for
flight (during the single refurbishment foreseen) and for
the ones to be repeatedly used for ground testing at
subsystem, instrument and system level.
For the SNA threads, dimensional measurement checks
with go-no go threaded gauge and plug gauge were
included in the refurbishment procedure in order to
guarantee to have always the correct bolt engagement,
while, for the plunger and Cable Assy, a consumable
replacement strategy was planned.
Finally, the ratio of tightening torque versus applied
preload has been identified as important health check of
the SNA-bolt junction and both MWI and ICI LLD have
features to monitor the preload during tightening.
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The aspect of testing a representative (or worst case) joint
in case of a release actuator life testing is for sure an
important aspect to be considered in the definition of a
Life test (or confidence test in this case). The life test
results are only applicable to the actuator for the specific
case where it uses the same bolt type.
In this specific case, the damage observed during the life
test on the bolt threads resulted much more evident than
the one that occurs in an ICI or MWI LLD release,
revealing a higher stress on the threads than the one that
the SNA will encounter once mounted in the LLDs.
The implementation of the Life Confidence Test allowed
a deep understanding of the actuator failure modes and
degrading of performance. A very strong confidence has
been gained on the capability of the device to properly
work before and during release; a strong robustness has
been demonstrated, being it able of functioning even
under life-related damaged conditions. The capability to
be activated after the catastrophic failure following the
Proof Load #2 was impressive.
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