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Abstract

The Libera instrument [1][2] is built by the Laboratory for Atmospheric and Space Physics (LASP) and
developed for the NASA/NOAA Joint Polar Satellite System (JPSS) mission with a scheduled launch in
2027 on board JPSS-4. Libera measures broadband upwelling Earth radiance from the ultraviolet through
the far infrared with continuous cross-track scanning of four (4) independent radiometers, each covering a
broad spectral band.

Libera utilizes two P10 Pin Pullers [3] manufactured by Ensign-Bickford (EBAD) to lock out the Elevation
Scan Mechanism during launch. The mechanism has a cantilevered assembly mounted to a motor and
uses the pair of pin pullers to react launch loads. During flight level testing issues were encountered where
one of the two pin pullers failed to actuate. The ensuing investigation to determine root cause led to several
lessons learned.

Pin Puller Overview

EBAD-TIiNi pin pullers were first qualified and used on the Mars Global Surveyor in 1996. Since then, EBAD-
TiNi has developed a standard line of SMA based resettable pin pullers ranging from 22.2 N (5 Ib) to 445 N
(100 Ib) of pull force. All models can be reset from the front (pulling up on the pin) by using a EBAD reset
tool and rear reset options are standard on the smaller pin pullers (P5-P10), and as an option for larger
versions.

The EBAD-TIiNi family of Shape Memory Alloy (SMA) actuated pin pullers may be used to secure and
release numerous spacecraft deployables. In each case, Nitinol (Nickel-Titanium) in the form of wire is used
to trigger the release of energy stored in a loaded compression spring. By directly passing current through
the Nitinol wire, the pin pullers actuate in the millisecond time frame, making them ideal for synchronized
and simultaneous release of multiple tie-down payloads. Function times typically range between 10 ms to
500 ms, depending on the environmental temperature and the applied current used. A set of bespoke
switches internal to the device terminate power upon pin retraction. The pin puller is reset by manually
moving the pin back into the extended position. This allows a bias spring (reset spring) to apply the
necessary force to move the latch back into its reset position and properly tension the nitinol wire inside for
the next actuation (Figure 1). The P10 pin puller can also be reset from the rear of the device with a set of
ram pins which push the pin out. The Libera pin pullers are always reset from the rear.

Various qualifications have been performed over the years to a wide variety of customer requirements, but
all pin pullers are acceptance tested prior to shipment. EBAD standard acceptance testing consists of
electrical measurements for circuit resistance and insulation resistance, followed by baseline ambient tests
on each circuit, hot and cold actuations on each circuit at +70°C and -65°C, followed by a final set of ambient
actuations.

Figure 1 shows the basic principle by which the TiNi SMA-actuated pin puller operates. When in the
extended position, the output pin is loaded by a compression spring. The pin remains firmly locked in this
position due to the ball detent mechanism below it. This is made up of a spring-loaded latch which holds
an array of detent balls outward and under the pin. Upon the application of electrical current, the Nitinol
wire heats up to its transition temperature, shrinks in length, and pulls the latch upwards. A chamfer feature
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at the bottom of the pin forces the ball bearings inward, allowing the pin to retract under the force of the
drive spring.

Figure 1. EBAD Pin Puller Cross-Section per US Patent 5771742A

The latch is a central component of the lower ball lock assembly as there is both a force required to move
the latch, and a distance (stroke) that it must move in order to release the pin. This force to release is a
composite of two forces: the frictional force between the bearing balls and the latch, and the reset spring
force. Force and stroke are important parameters due to the limited force available from the nitinol wire as
well as the strain recovery of the wire. In general, the wire typically provides between 3% to 4% strain
recovery, while the force provided is dependent on the diameter of the wire used.

For the EBAD-TIiNi pin pullers, a design stress level is set to ensure repeatable performance to meet the
desired cycle life. While Nitinol is capable of extremely high maximum stress levels of between 689 MPa
(100 ksi) to 1379 MPa (200ksi), the design stress level provides at least 2X margin over the material’s
reliable capability. Furthermore, each pin puller size is designed to have a force to release range that
provides more than 2X margin.

P10 function times are shown on the EBAD website [3]. Since power changes by the square of the applied
current, function times will increase nonlinearly as the applied current is decreased, and conversely,
function times will decrease nonlinearly with an increase in applied current. When function times extend
beyond approximately 700 ms, the variation in those function times increases significantly as the wire starts
to struggle to reach phase transition temperature. As power is increased function times decrease and so
does variation in function times. In general, EBAD does not recommend operating the pin puller in
conditions that result in function times exceeding 500 ms. When function times increase beyond this point,
potential simultaneity concerns are raised when multiple units are required to actuate at the same time.
Conditions which lead to excessive function times, on the order of 1-2 seconds can lead to a no-release as
the nitinol wire is not receiving enough power to achieve phase transition.

Pin Puller Failure Modes

The two most common failure modes that lead to a failure to retract the pin are: 1) the latch is prevented
from moving, and 2) the pin is prevented from moving. Since each pin puller is tested for force and stroke-
to-release during the build process, there has never been a reported failure due to debris in the ball lock,
which would prevent the latch from moving.
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The second failure mode of preventing the pin from moving is most often caused by too much friction
between the pin and the deployable. It is important for the user to fully characterize the forces on the pin
to ensure the rated side load is not exceeded. A consequence of an overloaded pin is that retraction can
be slowed or restricted entirely. A set of switch contacts are bonded to the pin internal to the pin puller and
engage with flexures when the pin is raised. Under normal operations, pin retraction disengages the
flexures and terminates power. However, a slow retraction from excessive friction between the pin and the
deployable, and/or between the pin and the flange, leads to current draw above what is required by the
Nitinol wire and can overheat the wire which results in some level of degradation and removal of shape
memory characteristics. When the shape memory characteristics are removed, it is difficult or impossible
to reset the device. Excessively long current draw of approximately 3X-4X the normal function time for the
test conditions can fuse-open the Nitinol wire altogether, resulting in an open circuit.

EBAD recommends measuring function time during testing since function time can be used to indicate
potential problems with deployment. It is important to note that the nitinol wire can tolerate a given amount
of additional heating time beyond the normal function time without being damaged. For ground testing,
EBAD recommends limiting this exposure to 1.75X the expected function time for the conditions under
which the pin puller is being tested by using a defined pulse length. For this reason, it is important to
characterize the function time of the device with no load under the various test conditions the pin puller will
be exposed to, then retest with load to ensure the application is not imposing higher than rated loads on
the pin puller.

Libera Pin Puller Implementation

The Libera instrument incorporates two (2) EBAD P10 pin pullers to lock the rotation of the instrument’s
Elevation (El) Platform (which houses the four science telescopes) during transport and launch to prevent
contamination exposure. The pin pullers are located opposite the Elevation Brushless DC Actuator to
support the otherwise cantilevered El Platform (Figure 2). Analysis of a one-pin puller design predicted an
unacceptable dynamic response and possible impact between components, so the second pin puller was
added to better support the cantilevered mass. Adding a second pin puller eliminated the impact concern
but added the possibility of an over constrained system due to machine tolerances and/or
thermomechanical effects.

To account for thermomechanical effects and to avoid the need to tightly tolerance many components in
the overall mechanism, the following design attributes were implemented:

1. Interface Blocks reside within radial slots in the El Platform allowing it to change temperature
relative to the EIl Scan Chassis without imparting appreciable loads into the pin pullers (Figure 2).

2. A set of Vespel SP-3 Interface Blocks were made that minimize friction with the pin and offset the
hole from the center of the part between 0.025 mm to 0.250 mm to account for tolerances in the
as-built parts of the mechanism. A specific Interface Block was chosen to ensure acceptable
clearance of 0.05 mm (.002 in) to 0.10 mm (.004 in). Tangential clearance in the system was then
verified using the optical encoder of the El Actuator after installation of the Interface Blocks at the
instrument level of assembly.

Libera Pin Puller Actuation Anomaly

During the integration and test flow for the Libera instrument the flight pin pullers were integrated into a
structural test model that included the flight structure, without electronics or optics. In preparation for
vibration testing an attempt was made to actuate the pin pullers as a pre-test baseline of performance using
an Electrical Ground Support Equipment (EGSE) firing circuit as described in the Electrical Firing section.
The EGSE firing circuit was designed to mimic the flight electronics responsible for actuating the pin pullers
on orbit. Pin Puller 1 (EBAD Serial Number (S/N) 10082) did not actuate when commanded. EGSE
performance was verified using a dummy resistive load, and the pin puller was verified to be reset (un-fired)
by measuring its electrical resistance. Actuation was then attempted using the secondary side of Pin Puller
1, which again resulted in a non-actuation.
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Figure 2. Libera Elevation Scan Mechanism

After Pin Puller 1 failed to actuate two times, Pin Puller 2 (S/N 10080) was successfully actuated on the
first attempt using its primary side. Pin Puller 1 was then physically removed from Libera to ensure that it
was unloaded. Sitting freely on a benchtop, Pin Puller 1 successfully actuated.

Pin Puller 1 was then reset. After the reset, and while supported on a bench top, a 4.5 kg (10 Ib) weight
was hung from the pin. Pin Puller 1 successfully actuated with this side load applied. The rated side load
limit for the P10 pin puller during actuation is 9.07 kg (20 Ib). Both Pin Puller 1 and Pin Puller 2 were reset,
re-installed into Libera and both successfully actuated. This demonstrated that any forces on the pin puller
from installation were within the bounds necessary for the pin pullers to actuate. The pin pullers were reset
again, and the Libera Structural Model underwent structural vibration testing.

After the structural vibration testing, Pin Puller 1 failed to actuate when first commanded. Pin Puller 2 was

successfully actuated. A second attempt at actuation was then made on Pin Puller 1 while still installed into
the structure and was successful.
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The inconsistent performance of Pin Puller 1 led to a campaign of bench top testing to determine root cause
of the failure. Due to the susceptibility of a two-pin puller implementation to generate side loading if
improperly shimmed, the goal of the bench top testing was to determine if/how much the pin pullers were
sensitive to side loading in a controlled setup and to what extent mis-shimming could cause the non-
actuation of the pin puller.

Prior to the de-integration of the Libera structural test model, a qualitative assessment was made of the
radial clearance and acceptable “play” was noted, so binding in the two-pin puller setup was likely not the
root cause.

Bench Top Testing Setup

Two setups were used to test side loading on the pin pullers. The first, shown in Figure 3, uses a Vespel
SP-3 interface block with 8.96 kg (19.75 Ib) of weight that puts the side load in a flight-like position on the
pin. This weight was chosen to be very near, but under the rated load limit of 9.07 kg (20 Ib) from EBAD for
the P10 device. This same setup was used for no side load testing by removing the interface block and
weights.

The second setup used the Elevation Mechanism portion of the Structural Test Model to measure firing time
sensitivities as a function of shimming. During testing if there was a non-actuation with side load applied,
the load was removed and a no-load actuation was attempted. Test results are discussed in future sections.

Vespel SP-3
Interface
Block

Flight-like
fit onto pin

8.96 kg
(weights +
bracket +

Weight at
flight-like
location on pin

Figure 3. Pin Puller Bench Testing Setup
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EGSE Electrical Firing Circuit

A low-side N-channel MOSFET was used to switch power to the pin puller, as shown in Figure 4. This
switch was controlled using a function generator, which drove a 5V square pulse into the control input. The
pulse width was set to be 1.75x the expected time to actuate an unloaded pin puller. The expected firing
time was derived from the pin puller data sheet that accounts for firing current and temperature variations

[3].

When the switch is enabled, a voltage approximately equal to the supply voltage is placed across the pin
puller and associated harnessing. The power supply voltage was set to produce a current of 750 mA, which
mimics expected current draw of the pin pullers in the flight system.

'
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Figure 4. Libera EGSE Pin Puller Firing Circuitry

The current through the pin puller was measured using a Tektronix TCP312 current probe connected to a
Tektronix TCPA300 Amplifier. The voltage at the drain of the MOSFET was monitored, as well as the control
voltage and power supply voltage.

Electrical Outcomes

A given actuation attempt can result in 1 of 3 distinct electrical outcomes, and all begin the same way. When
the switch is enabled (closed), the drain voltage is pulled near ground potential and current begins to flow
through the pin puller.

Outcome #1: Nominal Actuation

Under normal operation, the pin puller actuates prior to the end of the control pulse. Since actuation breaks
the low resistance path within the pin puller, the actuation time (also referred to as “function time”) can be
measured as the duration of the current pulse through the device. The interruption of current creates a
small discontinuity in the drain voltage. This serves as another indicator to gauge function time. The final
notable event occurs when the switch is opened. Since the switch is open and the pin puller now presents
as an open circuit, the voltage at the drain node is driven by parasitic circuit elements and the resistance
within the oscilloscope front-end. An oscilloscope capture from a nominal actuation event is shown in Figure
5.
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Figure 5. Nominal Actuation Oscilloscope Signal

Outcome #2: No Actuation

If the pin puller does not actuate, it still draws the full current for the duration of the control pulse. When
the control pulse ends, the MOSFET switch opens, stopping current from flowing through the pin puller. The
MOSFET drain voltage is pulled back to the supply potential through the internal resistance of the pin puller.
Figure 6 shows an oscilloscope capture of an event in which the pin puller didn’t actuate.

Outcome #3: Delayed Actuation

The third outcome results in the pin puller actuating, but the actuation is delayed until after the switch is
opened. An oscilloscope capture of a delayed actuation is shown in Figure 7. Just like in the no actuation
case, the MOSFET drain voltage is pulled back to the power supply rail when the switch
opens. Approximately 10 ms later, however, the drain voltage suddenly begins to decay back to OV. This
decay could only occur because of the electrical contact within the pin puller opening, which occurs during
actuation. In this situation, the function time can be defined as the time between when current starts flowing
and when the drain voltage begins to decay to 0V after the switch has opened.
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Figure 7. Delayed Actuation Oscilloscope Signal
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Outcome 3 implies that the TiNi element within the pin puller reaches the threshold temperature for action
prior to the current pulse ending, but the time from the internal latch release and the pin retracting far
enough to break electrical contact and open the circuit extends past the time the current pulse ends. It was
observed that this can take around 10-20 msec.

Pin Puller Bench Testing Results
A total of 45 actuations were attempted on Pin Puller 1 and 35 on Pin Puller 2 starting from the Structural
Vibe Test anomaly through the end of the bench top testing. Figure 8 shows the function time history of
both Pin Puller 1 and Pin Puller 2.
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Figure 8. Pin Puller Actuation History

Pin Puller 1, which had the initial failed actuation, proved to be more sensitive to side loading than Pin Puller
2 when comparing function times. There were a total of 6 times where Pin Puller 1 failed to actuate, while
Pin Puller 2 actuated every time. Pin Puller 2 consistently actuated in a shorter time than Pin Puller 1 under
the same loading conditions. In those instances where Pin Puller 1 failed to actuate it was either in a
condition where it was installed into the Libera structure with 2 pin pullers present, or it was with the
controlled side load (Figure 3).

‘Hangover” Phenomena

In instances where Pin Puller 1 failed to actuate, the pin puller was either removed from the structure, or
the side load was removed. Now without any external load, the pin puller successfully actuated in all but
one instance, but with a longer function time than a nominal actuation with no load (130-185 ms function
time versus a nominal no-load function time of 100-120 ms). This was dubbed a “hangover” actuation.
All subsequent actuations without a side load present performed nominally after the hangover. This
indicates that the increased firing time from the hangover is not permanent and cleared when resetting the
pin puller. The hangover is likely caused by the pin puller failing to actuate, but with the internal latch
functioning properly. The latch will return to its pre-actuated position due to an internal spring, but without

147



a proper reset the ball detents may settle into a non-ideal position. In this scenario it takes more time for
the latch to release the balls from their detents on the following actuation.

Run In / Self-Burnishing Effect

During the first ~25 actuations the pin pullers had a noticeable difference in function time with an external
side load compared to actuations without any side load. Around the 25th actuation, that sensitivity to side
loading went away. The leading theory at the end of this testing was that “out of the box” the pin pullers can
see an increase in internal friction while side loaded. After repeated use the device self-burnishes and the
friction is greatly reduced. Once the pin puller achieved this run-in condition actuations were also successful
while intentionally shimming a side load into the pin puller at an interference as large as 0.25 mm (.010 in)
from the nominal “ideal” fit. This test result provided confidence that the pin pullers can be assembled into
Libera with high confidence in their ability to actuate.

A follow-on test of a different pin puller was performed to demonstrate the improvement of performance
(less sensitivity to side loading) through repeated actuations. This run-in testing is discussed later.

Device Screening

Per the vendor specifications for the P10 pin puller, they are limited to a full life of 100 actuations. The
original two pin pullers that were intended to fly on Libera (S/N 10880 and 10882) had been actuated over
40 times as part of the anomaly investigation so two (2) new pin pullers needed to be selected for flight to
ensure the pin pullers being flown had adequate cycle margin to complete future instrument and spacecraft
level integration and test activities. Libera had 5 additional spare pin pullers, so screening tests were
performed that involved actuations of both primary and secondary sides, with and without side loads. “No
load” actuations were performed at the planned flight current level (0.75 A) as well as current levels to
match test EBAD’s pre-ship testing (1.26 A).

Of the 5 units tested in this manner, 3 actuated with every attempt. The two pin pullers that showed the
least sensitivity to side loading (least variation in function times between side-load and no side-load) were
selected as the flight units. Those two units have since undergone subsystem and system level vibration
testing, performing nominally both before and after testing. They have also undergone instrument level
thermal vacuum testing with successful actuations at proto-flight hot (+39°C) and cold (+3°C) temperatures.
Spacecraft level thermal vacuum testing is scheduled for late 2026.

Of the remaining two pin pullers, one had a single instance of not firing with the 8.96 kg (19.75 Ib) side load.
Another pin puller (S/N 10961) failed to actuate every time this side load was applied. Pin Puller S/N 10961
was then used for an investigation into the effects of a longer run-in campaign. A total of 10 attempted
actuations were made on S/N 10961 as part of the screening.

Run-In Investigation

To show that proper run-in conditioning of a pin puller can improve performance, the poor-performing pin
puller (S/N 10961) underwent further testing with 62 additional attempted actuations (in addition to the 10
actuations from device screening for a total of 72 actuations). Similar to how the original two pin pullers
(S/N 10080 & 10082) improved, pin puller S/N 10961 also improved with use. The set up shown in Figure
3 was used and tested in a cadence with no load followed by up to five consecutive side loaded firings. If
the pin puller failed to actuate with a side load, the next actuation was with the load removed. The electrical
condition of the pin puller was verified before and after every reset.

Figure 9 shows the function time of the pin puller for each attempt. For the first 31 actuation attempts, only
the unloaded configuration actuated successfully. Actuations 4, 5, and 8, which had no load, showed
significant hangover phenomena resulting in non-actuations. It was found that energizing the secondary
winding did not overcome the hungover condition. This condition was successfully overcome after actuation
5 by using the pin reset tool to move the pin from nominal position to end of travel and let it settle back to
nominal position. The condition was overcome after actuation 8 by radially jostling the pin, in a way that
the El Actuator could safely emulate on orbit.
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Starting at actuation number 37 the pin puller would successfully actuate with a side load, but with significant
variance in function time. By actuation 40 the function time became more consistent in both the loaded and

un-loaded state.
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Figure 9. Run-In Testing Actuation History

Root Cause of Pin Puller Actuation Failures

Based upon the test results discussed in previous sections, it is evident that some pin pullers are more
sensitive to side loading than others at the beginning of their life. When pin pullers fail to actuate under a
load that is within their design specification, but actuate once the load is removed, it points to an internal
source of friction that results from side loading the pin. Although these tests couldn’t determine exactly
where in the pin puller the issue occurs, it seems likely to be a friction or burr issue versus a fit or interference
issue since repeated use improves performance. The “hangover” issue discussed is a separate issue from
the pin pullers failing to actuate with a side load.

Conclusion and Lessons Learned

At the conclusion of the Libera anomaly failure investigation and follow on testing the following conclusions
and lessons learned are offered:

1.

Some EBAD P10 pin pullers are more sensitive to side loading compared to others when received
from the vendor, even when the applied side loads are within the rated limit of the device.

Measuring the function time of the pin pullers is a useful proxy for the retraction force margin of the
pin pullers.
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Screening should be performed on any candidate flight pin pullers with the expected flight loading
conditions applied to determine the devices with best performance.

Early in the life of the pin puller, after a non-actuation the subsequent actuation (even without a
side load) tends to require a longer function time and may even fail to actuate. This latter condition
can be overcome by manipulating the pin. This manipulation can be done using the reset tool if still
on the ground, or if possible, using the actuator that is locked out to apply a reversing, “jostling”,
load on the pin.

Additional run-in testing may be required to get a pin puller device to actuate consistently while
being loaded. The number of actuations dedicated to run-in should depend on the performance
stability of the pin puller balanced against the expected number of actuations needed to complete
integration and test activities prior to launch.
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