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Abstract 

A separation system was designed for use on a standard Lockheed Martin satellite bus structure to allow 
the satellite to separate from standard launch vehicles. The separation system had two key design 
requirements: six discrete point attachments and a low shock separation (e1600 GIs). The design solution 
was a system utilizing a heritage separation system component and a previously unused low shock 
release device for booster separation, a Split Spool Release Device (SSRD). This paper describes the 
overall design of the system as well as the unique challenges encountered during component and system 
level design and test. The challenges were primarily associated with achieving the low shock requirement 
imposed on the system and the integration of previously unused components into a new separation 
system. 

Introduction 

The Discrete Point Spacecraft Separation System key requirements are: six discrete point attachments 
and a low shock separation. These requirements were dictated by the spacecraft bus structural design 
and the use of shock sensitive electronics. The structure is comprised of hexagonal bulkheads that are 
connected to a central cylinder via radial panels. The radial panels are the primary mounting location for 
all component electrical boxes on the spacecraft. They are also the primary load path for all launch loads 
and the location of the discrete point attachments. In order to meet the low shock requirement, a new low 
shock device had to be implemented because a standard pyro-actuated separation nut could not meet 
the low shock requirements. After evaluating several candidate device designs, a Split Spool Release 
Device (SSRD) was chosen as the restraint device in the separation system. This device has never been 
used in a spacecraft separation system to date and there were many challenges associated with using 
this relatively new device. 

Design Description 

The LM9OOA spacecraft bus does not mount directly to a standard Payload Attach Fitting, instead using a 
secondary structure called a Booster Adapter Assembly (BAA). By using a secondary structure, the 
separation plane as well as all associated separation components can be tested with the spacecraft to 
minimize the amount of testing that occurs at the launch base. This allows a separation demonstration to 
be performed prior to shipment to the launch base. The BAA is a large cylindrical ring that bolts on to an 
industry standard 6 6  Payload Attach Fitting. Attached to the cylindrical ring of the BAA are 6 A-frame 
brackets. These brackets are where the six SSRD's are mounted along with six Spring Mechanisms. The 
SSRD's provide the restraint of the spacecraft during launch and provide a low shock release upon 
command. The Spring Mechanism provides the separation tip-off force for the spacecraft during 
separation. Shear loads between the launch vehicle and space vehicle during launch are carried by a 
cup/cone interface. The A-frame brackets contain the conical half and the cup half is located in the aft 
bulkhead of the spacecraft. Mounted inside the radial panels of the spacecraft, is a custom designed low 
shock Retraction System used in conjunction with the SSRD's. The Retraction System ensures the 
preload bolt clears the separation plane after release and provides positive retention for the life of the 
spacecraft. The Discrete Point Separation System and the components -have been completely qualified 
for use in a space environment and several system-level separation demonstrations have been 
performed. Figure 1 shows the basic components of the Discrete Point Separation System. 
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Figure 1. Discrete Point Separation System Components 

The heritage component of the separation system is the Spring Mechanism. The Spring Mechanism has 
extensive flight history and was also used in the previous iteration of this separation system design. The 
Spring Mechanism’s primary purpose is to provide the separation tip-off force from the booster vehicle. It 
delivers this separation force by utilizing a spring-loaded plunger configuration of which there are nine 
configurations capable of 225 - 525 N of force. The Spring Mechanism also has adjustment capability that 
allows each unit to exert an exact force and allow for mounting adjustments. These design features allow 
the Spring Mechanism to be used in a variety of applications and meet a wide range of requirements with 
only a slight impact to the weight of the unit. 

Several years ago, NASA and ESA expressed a need for an alternative to traditional explosive actuators. 
NEA Electronics Inc. satisfied this objective by developing a reliable, fast-acting, sure release, low shock 
output, redundant, non-explosive separation mechanism called a Split Spool Release Device. The SSRD 
is an electromechanical separation nut-release mechanism that eliminates the residue and shock 
produced by explosive devices and are factory refurbishable for extended use. The device has significant 
flight heritage primarily as a hold down and release mechanism of deployable structures (solar arrays, 
antennas, etc). This is the first spacecraftlbooster discrete point separation system design utilizing the 
SSRD as the restraint device. The SSRD is a mechanically and electrically redundant and in this 
application is capable of 55.6 kN of preload. The typical generated shock output of a single device at 
maximum preload is less than 500 G’s. Table 1 shows a brief list of capabilities of the device used in the 
discrete point spacecraft separation system. 
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Table 1. Specification for the 55.6-kN Split Spool Release Device 

Requirement 
Ultimate Load 
Max. Rated Release Load 
Source Shock 
Actuation Circuit 
Actuation Time 
Qual. TemDerature Ranae 

Capability 
69,500 N 
55,600 N 

4 0 0  G’s Q 55,600 N preload 
4 A Q 6 VDC per circuit 

25 msec max. 
-60°C to +105”C 

The device consists of a load- 
bearing spool that is split in half. 
These spool halves capture a 
spherical rod end and represent 
the primary load path of the unit. 
The spool halves are wrapped with 
a restraining wire that keep the 
spool halves from moving laterally 
when load is applied to the 
spherical rod end. The restraining 
wire is fixed to one of the spool 
halves on one end and restrained 
with two fuse wires on a toggle on 
the other. The restraining wire puts Figure 2. External View of 55.6-KN 3 3 ~ ~  a small preload on the-fuse wires 
when the unit is “set”. Upon receipt of the actuation signal, the fuse wire heats up which decreases its 
tensile strength. The toggle breaks through one or both of the fuse wires depending on the type of 
actuation signal and the restraining wire starts to uncoil from around the spool halves. The unrestrained 
spool halves are then gradually driven apart by the preload until the rod end is no longer captured and 
“drops” through the device. The actuation of this device is very unique in that it gradually relieves the 
preload, which is the biggest contributor to shock output, and releases the constrained end of the joint. 
Refurbishment of the unit is achieved by replacing the restraining wire and fuse wire assemblies after 
actuation and can be done numerous times to allow for ground test. In the Discrete Point Separation 
System, the SSRD assemblies are jettisoned with the Booster Adapter Assembly after actuation. Figures 
2 and 3 show external and internal views of the 55.6-kN SSRD. 
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u 
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Figure 3. Internal Components of a Typical SSRD 
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In similar separation devices, an external system is utilized to ensure retraction of the preload bolt or rod. 
However, in this application existing hardware was not compatible with the SSRD nor would it meet the 
low shock requirements, therefore a new Retraction System was designed. The primary purpose of the 
Retraction System is to carry the preload in the separation joint and retract the spherical rod end out of 
the SSRD. The system is made up of a Preload Bolt, Retraction Spring, Spring Retainer, Shock Absorber, 
and Bolt Catcher Can. The Retraction System is assembled in place after the BAA is mated to the 
spacecraft. The Preload Bolt is threaded into the spherical rod end in the SSRD through the separation 
fittings. The Spring Retainer and Retraction Spring are then fed over the Preload Bolt and the spring is 
compressed. Once compressed, a washer and nut are threaded onto the Preload Bolt and the preload is 
applied. Preload verification is done via a strain gage within the Preload Bolt to assure proper preload. 
After applying the preload, the Bolt Catcher Can is installed to contain the assembly inside the spacecraft. 
When the SSRD is actuated, the spring retracts the Preload Bolt and Spherical Rod End out of the SSRD 
and across the separation plane, eliminating the possibility of hang up during separation. The Retraction 
Spring also ensures positive retention of the Preload Bolt and Spherical Rod End throughout the lifetime 
of the spacecraft. Figure 1 shows the components of the Retraction System. 

Design Challenges 

The majority of the design challenges were associated with using an SSRD as the primary restraint 
device. As stated earlier, this device has never been used in a spacecraft separation system and had a 
significant impact on the design of the Retraction System. There were two key design drivers on the 
Retraction System related to the design of the SSRD: torque retention capability and mechanical 
redundancy. 

By design, the SSRD has no torque 
retention capability within the unit except 
for a key on the spherical rod end. Thic 
posed a significant challenge on ho\n. 
the unit is preloaded. The spherical rod 
end within the unit needs to be held 
fixed in its orientation such that the 
friction critical surfaces between the rod 
end and spool halves are not damaged 
while preloading the unit. There were 
two potential solutions to this challenge. 
The first solution was to react the torque 
through the key in the rod end. The key 
is accessible through the SSRD housing 
but reacting a torque load equivalent to 
the 55.6-kN preload proved to be risky. 

The second and chosen solution was a 
unique hardware design used in conjunction with a torque tool to react the torque through the bus 
structure and not the SSRD. The preload bolt has an external hex feature on the rod that interfaces with 
an internal hex feature on the spring retainer. The fit between these two component parts allows relative 
axial motion but both will rotate as an assembly. The spring retainer also has an external hex feature that 
allows a tool to be installed and bolted to the aft bulkhead of the spacecraft. This tool constrains the 
rotation of the spring retainer and preload bolt, but allows the bolt to stretch applying a preload. When 
torque is applied to the preload nut bearing against the spring retainer, the torque is reacted through the 
tool and onto the aft bulkhead of the spacecraft and not the SSRD. 

Figure 4. SSRD Torque Retention Tool 

A key feature of the SSRD is it is a mechanically redundant device. It achieves this redundancy because 
only one of the split spool halves needs to move laterally in order for the rod end to be released. 
However, this is only true as long as the rod end is not constrained from exiting the unit. In order to 
maintain mechanical redundancy at the system level, the retraction system needed to be designed such 
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that its functional motion did not inhibit the rod end from exiting the SSRD. Using the baseline designs of 
the Retraction System, SSRD, Booster Adapter Assembly, and Spacecraft Bus Structure an in depth 
analysis was done to determine if redundancy would be achieved at the system level. This analysis took 
into account tolerances on all components as well as utilizing conservative constraints within the system. 
The results of this analysis showed the baseline design would not work unless slight modifications were 
made to the SSRD, Retraction System, and Booster Adapter Assembly. All modifications were 
incorporated into their respective designs and redundancy testing with the Retraction System was 
successfully performed during SSRD component-level qualification testing. 

Test Challenges 

In addition to design challenges there were several test challenges as well. These included minimizing 
the shock output from the retraction system as well as characterizing the shock output from the SSRD. 
During spacecraft separation, there are two distinct shock sources from the actuation of an SSRD. These 
are the shock output from the SSRD unit and the shock output from the Retraction System. The shock in 
an SSRD is caused by several components within the unit. These are the restraining wire unwinding, a 
spool halve hitting the inside of the housing, the rod end hitting the base washer as it exits, or a 
combination of these. The shock from the Retraction System is caused by the preload bolt hitting the top 
of the bolt catcher can. These two shock sources dictated a course of action: minimize the shock output 
from the Retraction System and characterize the shock output from the SSRD. 

As described earlier, the Retraction System consists of a retraction spring that pulls the preload bolt and 
spherical rod end out of the SSRD. The spring force is sized to ensure retraction of the Preload Bolt and 
Spherical Rod End; however, this force also causes a sizeable impact of the Preload Bolt into the Bolt 
Catcher Can Cover. In order to minimize the impact and associated shock output, a shock absorbing 
material was incorporated into the Bolt Catcher Can design. A development test effort was undertaken to 
determine the type of material to be used as well as optimize the design. Initially, two candidate shock 
absorbing materials were considered: Poron and Aluminum Honeycomb. Preliminary test results showed 
the Poron to be a poor shock absorbing material; however, favorable results were shown for the 
aluminum honeycomb. The test setup consisted of a Bolt Catcher Can, Spring Retainer, Retraction 
Spring and a rod and nut of roughly the same mass as the flight designed hardware. The aluminum 
honeycomb test specimen was cut to the same inner diameter as the Bolt Catcher Can and placed inside 
the cover at the end of the can. The test specimen was a 2.5-cm nominal piece of aluminum honeycomb 
pre-crushed to a thickness of 2.22 cm. Tri-axial accelerometers were mounted at the base in two 
locations 90" apart and on top of the Bolt Catcher Can. Figure 5 shows the test setup. 

I .  

Figure 5. Internal and External View of the Aluminum Honeycomb Shock Test 
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Four configurations of the aluminum honeycomb were tested in order to find the configuration to minimize 
the shock output. Each honeycomb configuration went through two test runs and the data was evaluated. 
Table 2 lists the aluminum honeycomb configuration, and Table 3 lists the maximum shock levels at the 
three accelerometer locations, and crush depth in the honeycomb due to the rod of each configuration. 

- 

Density (kg/m3) 16.0 32.0 110.5 104.0 
Cell Size (mm) 9.53 4.76 4.76 9.53 
Crush Strength (kPa) 172.4 482.6 3930 351 6.3 
Foil thickness (mm) 0.018 0.018 0.064 0.064 

Table 2. Aluminum Honeycomb Configuration 

Data 
Information 

I 1X 

Honeycomb Configuration 
-007 I -013 1 -015 I -017 

Honeycomb Configuration 
-007 -01 3 -01 5 -01 7 None 

167.631 27.025 1240.894 1233.103 622.312 
1 Y 
1 Z 
2X 

Table 3. Aluminum Honeycomb Shock Data 

138.727 17.238 1465.1 70 11 17.588 382.61 6 
233.268 29.820 2143.589 1270.930 51 6.098 
170.565 18.846 1367.840 1238.71 9 51 6.545 

1- -1  

22 
3X 
3Y 

257.538 23.989 1863.343 1664.746 431.61 1 
41 0.757 289.466 1985.1 65 1739.393 1635.51 6 
1090.883 530.638 1321.61 0 1538.292 191 5.1 43 

Run I 2~ i 101.467 i 11.751 j 787.916 j 564.251 j 239.809 1 IG'S\ 

The data collected during the development testing showed that the -01 3 configuration honeycomb had 
the best shock absorbing characteristics. This was based on data collected on Accelerometers 1 & 2 
which were mounted at the base of the Bolt Catcher Can. As the data in Table 2 shows, the shock levels 
using the -013 configuration honeycomb are much lower than any of the other configurations for all test 
runs. Data collected at Accelerometer 3 was used for reference purposes but is also lower for the -013 
configuration in all but one test run. It's interesting to point out that when compared to no honeycomb the 
levels significantly lower but the levels seen for the -015 and -017 configuration were higher. This was 
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possibly due to the honeycomb increasing the shock impact surface area. These two configurations had a 
significantly higher stiffness which lends some validity to the observation. 

Another testing challenge occurred during the component qualification testing of the SSRD. Since this 
was the first time an SSRD was used in a discrete point booster separation system, the shock output of 
the unit needed to be characterized fully and extensive generated shock testing was performed. The test 
setup consisted of a 75-cm square aluminum plate that had a flight-like interface. The interface included a 
flight like cup-cone interface as well as the A-frame bracket. The SSRD was mounted to the A-frame 
bracket and the preload was applied through the center of the aluminum plate. The test was performed 
with the flight designed Retraction System and the crushable honeycomb shock absorber. Tri-axial 
accelerometers were used to collect data at locations 7.5 cm, 15 cm, and 30 cm from the center of the 
plate. Figure 6 shows the test setup for generated shock testing. 

45"\ 
\ 

J 

L 

Figure 6. Generated Shock Test Setup 

The design of the test setup was meant to mimic the exact flight configuration in the preload path; 
however, for conservatism, the large aluminum plate was incorporated to collect shock levels at varying 
locations and did not represent the flight honeycomb panel configuration. This created a major challenge 
during the component-level shock testing because configuration as well as accelerometer location had 
some bearing on the data. 

In addition to the component-level generated shock tests, there was a system-level separation and shock 
test. The purpose of this test was to demonstrate the separation system and to measure the shock output 
of the system. The BAA was attached to the spacecraft with all the component parts of the separation 
system. The spacecraft bus was instrumented with 255 tri-axial accelerometers to measure the shock at 
various locations on the spacecraft bus. The entire assembly was suspended from an overhead crane for 
the separation test. The SSRD's were actuated in pairs that were diametrically opposed from each other. 
Upon actuation of the last pair, the BAA separated successfully from the spacecraft and fell into padding 
below the suspended spacecraft. Data collected during the three actuation events showed shock 
readings well within specified limits for the spacecraft. 
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Conclusions 

The Discrete Point Separation System was able to bring together a heritage component with a new low 
shock restraint device and successfully complete space flight qualification. There were many design and 
test challenges that needed to be overcome throughout the Qualification Program that show the 
difficulties of implementing a new component. However, understanding the components interaction and 
their impacts the design and test challenges are able to be overcome. 
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