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1. Revision History

Revision Issued Created | Released Change description
by by
- 14 WH MwW Initial release
September
2007
A 02 May 2008 WH RH, RW, - Added “Note: ...“ on first page
MW, AZ - Added warranty

- Added flight history

- Added description of manufacturing process

- Added discussion of features on adjoining structures

- Changed standard payment schedule

- Added customization schedule

- Added more detail showing how the Lightband works, specifically the
motor bracket assembly.

- Increased the stay-out zones by as much as 0.12 inches

- Added discussion of joint compliance

- Discussion of features in structures adjoining the Lightband

- Added description of manufacturing process

- Added detail of shuttle missions to Thermal section

- Decreased the font

- Added detail of Advanced Lightband controller

- Added detailed description of the standard acceptance tests

- Added energy for electrical operation

- Maximum number of separation springs is now 24.

- Minimum number of separation springs is six (6)

- Added success criteria for Lightband test

- Added detail on isolation systems

- Added detail of integration procedures

B 01 August WH AZ, MW, - Updated flight history

2009 RH - Added correct pictures showing separation connectors

- Increased separation spring energy (E)

- Added Lightband simulator to GSE

- Added metallic retaining chord (was a polymer)

- Updated flatness requirements and added to table 1

- Added detail of a roll inducing mechanism

- Added acknowledgments

- Added sectional view of separation spring

- Added flow diagram showing manufacturing process

- Added flow diagram showing separation reliability test process

- Added table showing voltages used during manufacturing and test
process to initiate Lightband

- Added detail of optimal flange design in adjoining structures

- Many editorial edits and spelling corrections

2. Why use Lightband?

The Lightband has many technical advantages.

About a third the weight of a typical clamp band

About half the height of a typical clamp band

Non pyrotechnic

Low shock

Includes Separation Springs, Switches and Electrical Connectors

Motor driven, eliminating the need for refurbishment or consumable initiators
Pyro-pulse compatible

Flight proven

On GSA schedule (streamlines government procurement)

CoNoOTOMONE

3. Introduction

This user's manual is based on the experience of providing more than 70 separation systems to commercial, government and university
customers launching payloads on a broad range of orbital and sub orbital launch vehicles. The Lightband is a patented, Commercial, Off-
The-Shelf (COTS) technology. It is made with materials of and by methods consistent with high reliability, class A, space flight hardware.

This is the user's manual for the Mark Il motorized Lightband only. The MKII can be uniguely identified from other Ligh  tbands. On the

MKII, the motors are on the outside.

The Lightband is a space vehicle separation system. It is used to separate space vehicles from launch vehicles and to separate elements
of launch vehicles. Sizes range from 8 inch to 38 inch bolt circle diameter.
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Figure 1: The MKII Lightband separates Space Vehicl es from Launch Vehicles. The LLB is another techn  ology PSC is
developing for larger applications.

Figure 2: ANDE-1 Separation from Shuttle (-116). T hree Mkl Lightbands were used.
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Figure 3: ANDE-2 on STS 127, July 2009
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Figure 4: Three Lightbands (38.8, 31.6 and 15.0 inc h diameter) are used on the IBEX Program.

Figure 5: An 8 inch Lightband used on an 80 Ib sate llite

Figure 6: A 38 inch Lightband used on Tacsat 2, 3, 4, IBEX, Aquila and ORS-1

Figure 7: Lightbands on ESPA (STP-1) on an Atlas V
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4. Flight History

No Lightband has ever failed to work on orbit.

Figure 8: Flight history (as of August 2009)

Figure 9: Team PSC
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5. Mechanical

5.1 Lightband description

The coordinate system for the Lightband is shown below. The +Y g axis passes through the center of the motor assembly. +X;z is from
the lower ring towards the upper ring. The Lightband upper and lower rings are marked with +Y g and +Z.g. Itis a right hand coordinate
system. Unless otherwise noted, all PSC tests reference the Lightband coordinate system.

Figure 10: A 15 inch Lightband with the Lightband ¢ = oordinate system shown

Figure 11: The leaves beginning to disengage during deployment, retaining ring removed
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Figure 12: Lightband deployed (or separated)

5.2 How the Lightband works

Videos showing the Lightband operating on the ground and on orbit (view from shuttle bay) are available at
www.planetarysystemscorp.com

Figure 13: The Lightband is stowed
The links are over-centered. The retaining ring is in compression pressing (black arrows) the leaves outward into the upper ring. The
motors are un-powered.

01 August 2009 Planetary Systems Corporation Page 10 of 67



2000785 Rev B User's Manual for Mark Il Lightband www.planetarysystemscorp.com

Figure 14: The Lightband is initiated
The motors are powered causing the mechanism to instantly (~0.075 seconds) snap inward allowing the retaining ring to contract.

Figure 15: The Lightband is deployed (or separated)
The Leaves disengage due to the force from the spring plungers, allowing the Separation Springs to push the vehicles apart.

Figure 16: The Lightband deployed (or separated)
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The metallic leaf retaining cord (in tension) causes all the leaves to bear upon the retaining ring. The spring plungers (fastened to the upper
ring (not shown)) cause the leaves to disengage from the upper ring after the sliding tube has snapped inward. (A spring-plunger is a
spring encapsulated in a threaded rod.)

Figure 17: The leaf retaining cord and the spring p  lungers

5.3 How the Motor bracket assembly works

Each of two DC brush motors connects to planetary gears. The planetary gears connect to bevel gears (stainless to brass to prevent cold
welding). The common bevel gear connects to the ball screw. The ball screw connects to a ball nut. The ball nut bears upon the stow or
deploy end plate, depending on the Lightband operation. (The ball nut has a slot to prevent rotation.) The sliding tube is fastened to the
linear way. The linear way slides on the rail. The sliding tube is connected to the links with spherical bearings. The motion of the links
controls the retaining ring.

The motor bracket constrains the linear motion of the sliding tube with elastomeric (non out-gassing) bumpers at the deploy end and with
hard stops at the stow end. The lubricants are space qualified and non-outgassing (Braycote 601 and Molybdenum disulfide). The limit
switches are arranged to cut power when physical limits (stow, set-for-flight and deploy) are reached.

All of the junctions (i.e. set screws) are redundant and bear upon flats machined into the shafts and are staked after being torqued. The
motors are redundantly fastened and bonded to the motor bracket. Except for the spherical bearings, all of the motion of all of the parts is
strictly rolling (there is no sliding friction).

The operation is fully reversible, though it takes more power and energy to stow the Lightband. As a reliability feature, the Lightband will
not stow if only one motor is operable (if the Lightband can't be stowed, it can’t fly). However, the Lightband will deploy and set-for-flight
with one motor.

The motor pinions between the motor and planetary gear are connected to the motor shafts redundantly (a weld and a shear pin).

A small wiring harness connects the limit switches and motor terminals to the DB-9 socket connector fastened to the motor bracket. The

electrical section describes the electro-mechanical operation. (This includes the current and voltage time-histories, which allow the motors
to act as precise power and energy transducers.

Figure 18: Motor bracket assembly shown  stowed
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Figure 19: Motor bracket assembly shown  set-for-flight

Figure 20: Motor bracket assembly shown  deploying

Figure 21: Motor bracket assembly shown  deployed
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5.4 Dimensions

Figure 22: An X axis view (from the payload's persp  ective)

The dimensions shown as variables vary with diameter and are shown in Table 1. Dimensions ‘C’ and ‘D’ include the separation event
when the retaining ring and sliding tube snap inward. The dimensions shown as constants do not vary at all. They are the same for all
diameters. The customer-supplied wiring harness is not shown. Harness design, discussed later, can substantially increase the volume
associated with the separation system.

Figure 23: A sectional view of a 15 inch Lightband. Note the origin of the coordinate system atthe b ottom and center of
the lower ring.
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Figure 24: The deployed or separated view. The spr  ings and switches are shown fully elongated

5.5 General capabilities and dimensions
Table 1: General capabilities and dimensions
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5.6 Tolerance on dimensions

Unless otherwise noted, the tolerances are:
Table 2: Tolerances

Precision Tolerance [unit]
X.XXXX +0.001
X XXX +0.005
X.XX +0.010
XX +0.030
X +1.000

5.7 Stiffness

The methods used to determine stiffness of the Lightbands is shown in the latest rev of PSC document 2000541 Lightband Stiffness . The
values are shown in table 1. Typically the stiffness is derived form a correlated finite element model (FEM).

Figure 25: Typical results of an MLB 38 supporting a 1,000 pound weldment

5.8 Joint compliance

The compliance of the bolted joint from the Lightband to adjoining structures can have a substantial effect on the overall stiffness. The
stiffness reported in Table 1 does not include joint compliance. The following table comes from a study of stiffness for a specific Lightband
program. It illustrates the effect of joint compliance.

Table 3: The effect of joint compliance on stiffnes s (from an MLB 38.8).

Item X [ib/in] Y or Z [Ib/in] Rx [in Ib/rad] Ry or z [in Ib/rad]
Lightband with joint 7.86E+06 6.34E+06 4.79E+09 1.48E+09
compliance

Lightband without joint 1.06E+07 6.39E+06 4.81E+09 1.98E+09
compliance

5.9 Discussion of features on adjoining structures

In order to maximize the stiffness of the whole stack-up of structures, including the Lightband, designers should be aware of the need to
design in robust features in the structures adjoining the Lightband. As the analysis shows, thick flanges, small moment arms and chamfers
(or large radii) create much stiffer (and lighter structures). The lower ring represents a Lightband. The upper ring represents an adjoining
structure. The applied load is 1,000 Ib. The materials are aluminum.

01 August 2009
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Table 4: Features of adjoining structure

Deflection Design

The flanges are too thin, moment arms are
large

Max deflection is 0.0005 inches

The flanges are thick, moment arms are only

large enough to allow installation of a fastener
(1/4-28 + 0.5 inch diameter washer), chamfer

efficiently adds stiffness, structure is lighter

Max deflection is 0.0002 inches. (This design is 2.5 times stiffer.)

The stiffness of the flanges is important because if the stiffness is too low the first mode lateral frequency of the whole stack can decrease
detrimentally. For proper operation of the Lightband, the flanges should be stiff enough to guarantee the preload of the Lightband will not
warp the adjoining structure too much and vis-versa. PSC engineers are available to recommended designs of features of adjoining
structures.
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Figure 26: Structures with optimal flange design. Moment arms in the flange are zero, eliminatinga m  ajor reduction in
stiffness, strength and bolted joint margin.

5.10 Fasteners to adjoining structures

PSC does not provide fasteners to adjoining structures. However, PSC used MS16996-24 torqued to about 100 in Ib in many acceptance
and qualification test PSC completes without degradation. ¥ inch socket head cap screws with small pattern washers are recommended
when fastening from the upper or lower ring to adjoining structures. The through holes in the upper and lower rings are nominally 0.280 in.
This allows for 0.030 inches of gap between a ¥4 inch fastener and the through hole. This is beneficial in the assembly process because
fasteners are easier to install, but limits the capacity of fasteners to guarantee alignment of structures to the Lightband.

Figure 27: 1/4 inch fasteners from Lightband to adj  oining structures
Smaller fasteners (such as #10) may work, however important structural limits are in the Line loading section below. Hex head fasteners
will not work because there is insufficient room for tools to grip the hex head. Use fasteners at every location. Do not skip using a bolt as
this will substantially decrease strength and stiffness.

The thermal extremes of the bolted joint often drive the selection of fasteners. User’s anticipating temperatures beyond +10 to +50 C
should examine the pre-load changes associated with coefficient of thermal expansion (CTE) mismatch. Missions on Shuttle often drive
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bolted joint design to extremes, because joints are expected to survive landing loads when the bolted joint is at very low temperature (-40 C
for example). NASA’s NSTS 08307 outlines a thorough bolted joint analysis.

Stiffness is affected by bolted joints. Generally a greater pre-load leads to greater stiffness.
The Lightband should be fastened to adjoining structures when the Lightband is separated. This allows easy access to the fasteners with

tools. When the Lightband is joined sufficient access is available from the inside of the Lightband. It is practically impossible to fasten a
joined Lightband to adjoining structures if one can only gain access from the outside of the Lightband.

5.11 Line load limits

Line loading in the X axis (Lightband coordinate system) arises from loads in the X direction and moments about the Y or Z axis. Generally
the moments about Y and Z generate much higher line loading than axial loads. In other words, lateral load cases limit strength margin.

Figure 28: Line Loading forces
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Figure 29: Stress in Lightband at maximum axial lin e load

Locally the Lightbands have X axis and lateral limits.
Table 5: Line load limits

Direction Allowable Limit [Ib / leaf or Ib / fastener to
adjoining vehicle
Axial (X) +/- 1,500
Shear (Y or Z2) +/- 600

Each leaf corresponds to through-holes for fastening to the adjoining structures. The through holes are sized for % inch socket head cap
screws. PSC analysis and test have shown that the fastener type and spacing is optimum. On several occasions customers have opted
for smaller fasteners (example a #10). As long as the bolted joints’ strength exceeds the line load, there should be no issue with a smaller
fastener. All testing at PSC is always done with ¥ inch socket head cap screws because PSC test cells only accept ¥-28 fasteners.

Axial line loading _ arises from axial (X) and lateral (Y or Z) loading. In flight, lateral loads tend to make the greatest contribution to line
loading. Maximum lateral load and axial load do not occur at the same time. Maximum line load is given by

Peq = Fx/n + 4VCM,/nD

Peq is maximum axial line loading [force per leaf]

Fx is axial force [force]

n is the number of fasteners in the bolt circle [-] ( n is one more than the number of leaves)

V is lateral force [force]

CM;y is the distance from the Lightband origin to the load application point in the x direction [length]
D is the bolt circle diameter [length]

Shear line loading _ arises from lateral (Y or Z) loading. Maximum shear line loading is given by
Q=2V/
Q is the maximum line load [force per leaf]

V is the lateral force [force]
n is the number of fasteners in the bolt circle [-]( n is one more than the number of leaves)
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Figure 30: Line load calculator (an 1,100 pound sat ellite with an MLB38.81)

It is useful to observe that structurally the Lightband behaves like a thin walled cylindrical structure when stowed. Line loading due to
moments about X is generally ignored as the load factors are often trivial

Line loading may peak in areas where stiffness peaks. For example, if you use a 15 inch diameter Lightband on a rectangular satellite that

has 15 x 15 inch base plate, line loading may be expected to peak at the midpoint of the sides because the stiffest region is at the
midpoints.

Figure 31: A round separation system and a square s atellite can create high line loading
Engineers should design to the maximum allowable line load of the adjoining structures and ideally have a design that minimizes the

extremes of line loading. Such a design is also structurally efficient. Bolted joints to adjoining structures should be designed as a minimum
to react the calculated line loads.

5.12 Flatness
Prior to joining to the Lightband, the surfaces adjoining the Lightband should be flat to the specification in Tablel.

Figure 32: A Lightband attached to a launch vehicle cone
When the adjoining vehicles are extremely warped, an attempt to join to the separation system to BOTH adjoining structures may simply

break the Lightband. Joining a separation system to only one adjoining structure is generally not going to increase stress because
separation systems are generally much more flexible than adjoining structures.
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Isolation systems like SoftRide intentionally add flexibility to joints to attenuate response. When the use of isolation systems is acceptable,
an additional benefit is the substantial relaxation _ of flatness requirements

It may be tempting to design flexible features to attenuate stress as the warped structures are joined. However, this can lead to
unacceptably low stiffness and first mode frequency of the entire system. To achieve both a low stress and high stiffness system, flathess
of the adjoining structures must be controlled.

Finite element models (FEMs) nominally assume perfect flatness of adjoining structures. Therefore, FEMs can obscure this potentially
significant reduction in structural margin.

Figure 33: A clamp band is preloaded radially inwa  rd by the band tension. Warping can result.

Figure 34: In the cross section of a clamp band aw  arp of 0.004 inches at the interface to adjoining s  tructures is created
by preload

V-bands embody the perverse nature of mechanical assembly: not only do they warp in proportion to preload, but a warp applied to them
can affect their preload. Critically, as many mechanisms engineers have observed in test, the structural performance (strength and
stiffness) is highly correlated to preload.

PSC engineers often observe substantial changes in internal strain as structures are joined. A 20% change in preload as the separation
system is fastened to an adjoining structure has been observed.

Just as changing the boundary conditions in the FEM will change the stress, so too will bounding a separation system change the stress in
a separation system.

Structures adjoining separation systems, that are easy to fabricate, may be expensive to make flat. Alternatively, structures that are
expensive can be easy to make flat. For example, a thrust cone from the final stage engine to the launch vehicle interface can be made by
riveting machined rings to conical sheets. The riveting process can stress the thrust cone. This may manifest its self as warping (i.e. lack
of flathess) when the riveted structure is removed from its much more rigid tooling. To attain flatness requirements, the riveted structure
must be machined or shimmed (metal shims or liquid shims) at additional set-up and cost. Alternatively, the thrust cone could be directly
machined from a coarse conical forging.

Engineers should consider the conjecture that all manufacturing and joining processes (riveting for assembly, fastening to adjoining
structures, curing of composites) increase strain energy and thus will warp structures.

5.13 Damping ratio

Damping ratio may be used to calculate the response of a structure attached to the Lightband. Greater damping reduces the response of
the system at resonance. To estimate the damping ratio of the Lightband, results of vibration tests of the Lightbands with mass mock-ups
attached were used.
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Figure 35: Vibration test of a Lightband with amas s mock-up

Since the damping of the mass mock-up and the many bolted joints is included, the measured damping ratio must be higher than the
Lightband damping. To arrive at the recommended damping ratio, the measured damping ratio was divided by two.

The damping ratio can be calculated if one knows the quality factor, g, of a system’s response at resonance. The quality factor is defined
as:
gq=1/(2*d)

Where d is the damping ratio. Quality factor is the ratio of output response level to the input level. In this case the input and output levels
are of the unit g's.

Table 6: Damping Ratio

X-axis Y-Axis Z-axis
Measured damping ratio (d) 0.025 0.069 0.063
Recommended damping ratio (d) 0.013 0.035 0.032

5.14 SoftRide and Lightband

SoftRide is a whole-spacecraft vibration and shock isolation system designed to reduce launch vehicle-induced loading on the spacecraft.
SoftRide is a patented product of CSA Engineering (www.csaengineering.com). It has been flown successfully eleven times, including
three flights with Lightbands (on XSS-11, TacSat-2 and FalconSat-3).

SoftRide isolation systems have several benefits:

1. Substantially reduce loads such as engine transients, random vibration, and shock

2. Substantially reduce risk by isolating unanticipated launch load events

3. Substantially increase damping (SoftRide range is 3% to 25% critical depending on the needs of the mission)

4. Reduce stiffness requirements of space vehicle (because there is less value to a very stiff bus if it is sitting on a very flexible
isolation system)

5. Reduce flatness requirements of adjoining vehicles (because the isolation system is flexible)

6. Ease integration of the Lightband by eliminating the need to stow the Lightband to join the satellite to the launch vehicle (with the

isolation system attached to the already stowed Lightband, the integration can occur by simply fastening the launch vehicle to the
isolation system)

Figure 36: SoftRide and a 15 and 38 inch Lightband
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ental external loading using spring-damper (isolati

on) systems

Bicycle

Car

Aircraft

Spacecraft

Figure 37: CSA’'s OmniFlex isolates the satellite fr

om the launch vehicle loads

Isolation systems add weight that is usually a very small percentage of the spacecraft weight (which the Lightband's low weight
compensates for). Isolation systems require a stroke in order to attenuate dynamic loads. Typical axial strokes missions have been in the

0.2to 0.4 inrange. Lower frequency, higher-performing isolation systems require more stroke.

5.15 Fatigue limits

Fatigue is generally defined as failure due to cyclic loading. The manifestation of this failure is expected to be loss of preload in fasteners,

break down of surface treatments at separable interfaces or cracking of materials. Fatigue can be induced by static, sine, random vibration

and shock environments. It can be locally amplified when dissimilar structures (ex. round to square) are joined to the Lightband.
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Figure 38: Fatigue limits and line loading

5.16 Deploy and Stow Cycle Life

The Lightband can be stowed and deployed 60 times. This includes about 30 separation tests that PSC completes prior to shipping to the
customer. Thus the customer may separate the Lightband about 30 times. Stowing is much more strenuous on the motor bracket
assembly than deploying. The Lightband motor assembly consumes about 60 Joules when stowing while it only consumes about 3 Joules
when deploying. After the 60" cycle, the Lightband must be inspected to determine the wear rate and the amount of lubrication remaining.
Using the minimum voltages is expected to maximize the cycle life because lower voltages produce lower currents which produce lower
torques which produce low stresses in the parts connected to the motors. In qualification testing, the Lightband has been shown to reliably
stow and deploy several hundred times while simultaneously being exposed to extreme temperature cycling (-25 to +90 C).

5.17 Alignment

The Upper ring to the Lower Ring
Several features act sequentially to guarantee alignment of the upper and lower ring prior to the stow event (where the motors are used to
join the Lightband). In order of operation these are
1- The separation spring’s conical tip mates with the upper ring. The telescoping features of the separation springs guide for
about 0.6 inches
2-  The cut-out in the upper ring only allows one rotary orientation of the upper ring as the cut-out encapsulates the bracket of
the motor bracket assembly
3-  The polymer guide pins in the separation connector
4-  The shells of the separation connector
5-  The shear pins of the upper ring and their accepting grooves in the upper link of the leaves
6- The leaf lips and their accepting grooves in the upper ring

It is estimated that the variation in alignment in the above process is about 0.001 inches in any direction

To adjoining structures
The bolt patterns of the upper and lower rings are concentric, to within 0.010 when the Lightband is stowed. The rotational tolerance of the
upper and lower ring is 0.1 degrees.

Aligning the Lightband to another structure can be accomplished by using flat head fastener where the adjoining structure is threaded or
gage pins where the adjoining structure has a flange with through holes. A flat head fastener has a conical feature that tends to cause
alignment. However flat head fasteners should not be used otherwise to fasten the Lightband to an adjoining structure. A gage pin of
0.278 inch diameter is the nominal diameter that would form a slip fit to the holes on the Lightband.

5.18 Lightband STEP files

STEP files of Lightband assemblies can be made available to prospective users and customers. These could include models of the
Lightband deployed and stowed. These models allow the generation of unique spring, separation connector and switch configuration. PSC
reserves the right to move spring locations to satisfy tip-off requirements when PSC completes separation reliability testing on flight
Lightbands.

5.19 Designing the wiring harness

As discussed in other sections, it is absolutely essential _to model the harness (which PSC does not provide) to and through the Lightband.
The harness can easily weigh as much as the Lightband and substantially obscure access to the Lightband fasteners. It can also interfere
with adjoining structures if formed harness radii are not precisely specified. PSC recommends the simplest possible harness design using
the smallest quantity of separation connectors and switches.

5.20 Assembly drawings
PDFs of assembly drawings can be made available to customers.
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5.21 Finite element models of Lightbands
PSC engineers are currently developing test verified finite element models (FEM) of Lightbands. Contact PSC for further information.

5.22 Materials and Surface treatments

The surface finish may be valuable to determine rates of radiative heat transfers and the surface charging. All materials on the Lightband
are low out-gassing as defined by ASTM E 595. Specifically, total mass loss (TML) < 1.0% and a collected volatile condensable materials

(CVCM) <0.1 %. All of the materials in the primary load path are highly resistant to stress corrosion cracking as defined by MSFC-STD

3029.
Table 8: Lightband materials and surface treatments
In Primary| Highly
Load | resitant to
ITEM COMPONENT NAME PART # MATERIAL Path? SCC (1) | "Magnetic" Surface Finish Vendor

Al-Aly 7075-T7351 per AMS- Chem Conv, color gold, Mil-C-

1 Lower Ring Varies by diameter QQ-A-250/12 Y Y N 5541, CI 3 PSC
Al-Aly 7075-T7351 per AMS- Hard Anodize per Mil-A-8625,

2 Upper Ring Varies by diameter QQ-A-250/12 Y Y N Type Ill, Class 1 PSC
Al-Aly 6061-T6 per AMS-QQ- Electroless Nickel per AMS-C-

3 Lower Hinged Leaf 4000391 A-250/11 Y Y N 26074, Class 4, Grade B PSC
Al-Aly 6061-T6 per AMS-QQ- Electroless Nickel per AMS-C-

4 Upper Hinged Leaf 4000392 A-200/8 Y Y N 26074, Class 4, Grade B PSC
Al-Aly 6061-T6 per AMS-QQ- Electroless Nickel per AMS-C-

5 Hinged Leaf Pin 4000369 A-250/11 Y Y N 26074, Class 4, Grade B PSC

6 Leaf Retaining Ring 91590A113 PH 15-7 MO Stainless Steel N - Y - various
Al 6061-T6 per AMS-QQ-A- Anodize Mil-A-8625 Type I,

7 Retaining Ring 4000450 250/11 N - Y 0.001 thick PSC
Al-Aly 6061-T6 per AMS-QQ- Hard Anodize per Mil-A-8625,

8 Motor Bracket 4000394 A-250/11 N - N Type lll, Class 1 PSC
Al-Aly 7075-T7351 per AMS- Hard Anodize per Mil-A-8625,

9 Sliding Tube 4000395 QQ-A-250/12 N - N Type lll, Class 1 PSC

10 Link Pin 4000496 A286 per AMS 5732 or 5737 N - N Passivate per QQ-P-35 Type Il PSC

11 Ball Screw 4000420 Carbon Steel N - Y - Proprietary

12 Rail 4000493 400 Series Stainless Steel N - Y - Proprietary

13 Ball Nut 4000425 Steel, 440C N - Y - Proprietary

14 Bevel Gear 4000494 300 Series Stainless Steel N - N - Proprietary

15 Bevel Gear 4000495 Brass N - N - Proprietary
Al-Aly 6061-T6 per AMS-QQ- Hard Anodize per Mil-A-8625,

16 Motor Support 4000509 A-250/11 N - N Type lll, Class 1

17 Motor 4000529 Neobymium N - Y Black anodize Maxon

18 Spherical Plain Bearing GE6E Carbon Chromium Steel N - Y - Proprietary
Al 7075-T7351 per AMS-QQ- Chem Conv, color gold, Mil-C-

19 Link 4000434 A-250/12 N - N 5541, CI 3 PSC

20 Gear Cover 4000440 300 Series Stainless Steel N - N Passivate QQ-P-35 Type Il PSC
Al-Aly 7075-T7351 per AMS- Chem Conv, color gold, Mil-C-

21 Stow End Plate 4000491 QQ-A-250/12 N - N 5541, CI 3 PSC
Al-Aly 7075-T7351 per AMS- Chem Conv, color gold, Mil-C-

22 Deploy End Plate 4000492 QQ-A-250/12 N - N 5541, CI 3 PSC

23 Limit Switches 91SX39-T, 313SX30-T Silver N - N - Honeywell

24 Link Plug 4000443 Viton Rubber N - N - PSC

25 Linear Way LWLG7 440C N - Y - Proprietary

26 | Angular Contact Bearing B14-2 400 Series Stainless N - Y - Proprietary

27 Assorted Shims varies Stainless Steel, Steel N - Y - Proprietary

28 Wire M22759/33-22-9 Cu coated Silver w/ PTFE N - N - various

29 Spring Plunger SSSD52 300 Series Stainless & Acetal N - Y - Vlier
Al 6061-T6 per AMS-QQ-A- Anodize Mil-A-8625 Type lIl,

30 Ring Roller 4000398 200/8 or 225/8 N - N 0.001 thick PSC

31 Leaf Shear Pin 98380A440 416 Stainless Steel Y - Y - McMasterCarr

32 Separation Spring 4000307 300 Series Stainless & Delrin N - N - pPSsC
Al-Aly 6061-T6 per AMS-QQ- Electroless Nickel per AMS-C-

33 Separation Connector 4000200 A-250/11, Vespel SP-1, BeCu N - N 26074, Class 4, Grade B PSC

34 Roller Spring 300 Series Stainless Steel N - Y - Proprietary

35 Roller Spring Base 4000426 300 Series Stainless Steel N - N Passivate QQ-P-35 Type Il PSC

36 Roller Spring Slider 4000427 300 Series Stainless Steel N - N Passivate QQ-P-35 Type II PSC

37 Leaf Fasteners NAS1102E4-6 A286 Y - N - various

38 Assorted Fasteners - Steel N - N - various

Bronze, Stainless, Glass

39 9 Pin Connector HDC9F2000S Filled DAP, Gold N - N - Positronics

40 Staking Compound Arathane 5753 A/B N - N - Huntsmann

41 Vacuum Grease BrayCote 601EF - N - N - Bray

42 Dry Lubricant - Molybdenum Disulfide Powder| N - N - McMasterCarr

5.23

(1) MSFC-STD-3029

Part Marking

The Lightband is marked with the assembly number, the serial number and the coordinate system. PSC does not provide customer
specified part marking or tagging or bagging.
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5.24 Subsystem weights
Table 9: Subsystem Weights

Subsystem PSC part number Unit Remark Graphic
Weight
[1b]

The upper connector does not

Upper Separation have to be attached to the upper

connector 4000107 RevB or C 0.025 ring. It may be on lower ring of
Lightband. Includes mounting
hardware.
Lower Separation 4000106 Rev B or C 0.025 See above
Connector
Separation Spring 4000307 Rev C 0.032 Includes mounting hardware.
Separation switch 4000383Rev A 0.039 Includes mounting hardware.

main body

Separation switch The bracket reacts the force of

b 4000383Rev A 0.006 the plunger. Includes mounting
racket
hardware.
Roll Bracket 0.045 . .
Assembly 4000585 each Induces rotation about X axis

5.25 Spring parameters

Several Lightband subsystems contain springs that effect separation velocity. Extensive testing has shown about 90 percent of the spring
energy stated in the table below is available to create separation velocity. Presumably the missing 10 percent of the stored energy is
converted to heat from the effect of sliding friction during the separation event.

Table 10: Spring parameters

Spring Spring Stroke Force Force Stored Remarks Graphic
Constant [mm] Before After Energy
[N/mm] Separation | Separation [J]
[N] [N] (E)

Used to create the
separation velocity.

Separation 1.020 Have telescoping
Spring 4.08 21.06 88.9 0.0 1((;//0')* features. PSC

Document 2001071
and 2001065
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Spring Spring Stroke Force Force Stored Remarks Graphic
Constant [mm] Before After Energy
[N/mm] Separation | Separation [J]
[N] [N] (E)
These springs push
the leaves out of the
upper ring. They do
not influence
Spring sepafation velocity.
11.4 3.18 48.8 12.8 0.138 Sometimes two spring
Plunger
plungers are used per
leaf. Typically
only one spring
plunger is used per
leaf
For a mated pair.
Separation 19 3.30 12.4 6.2 0.051 Each connector has
Connector 15 spring plunger
contacts
Separation
Switch 3.3 3.84 16.5 3.9 0.054

*Monte Carlo analysis (PSC document 2001071) was used to determine this tolerance. It includes variations in stiffness, spring dimensions
and assembly dimensions. This variation is eliminated by virtue of measurement of kinetic energy during separation in the Separation
Reliability test discussed in later sections.

5.26 Tip-off, velocity and separation springs

Tip-off is induced by the distance between the CM and the center of the spring force. Tip-off is the rate of rotation about any axis of a
satellite as a result of the separation event. In about one in three missions, a tip-off is desired to affect dynamic stability, to induce even
solar heating or to counter pre-separation rates. When tip-off is to be minimized the specification is often less than or equal to 1.0
degree/second/axis.

When the sum of the separation spring force is not acting through the center of mass of the adjoining structure, tip-off will result.

Figure 39: CM offset and tip-off
w=mvd/l (1)

Where:

w is the tip-off rate [angle per unit time];

m is the mass of the separating vehicle;

v is the relative velocity;

d is the distance between the center of mass (CM) and the resultant location of the separation springs
| is the mass moment of inertia about the center of mass of the separating vehicle.

This relation is for most purposes an over simplification because it assumes the other vehicle is many times more massive (>10x) and has
many times more inertia (>10x) than the separating vehicle. It also assumes the pre-separation rates are all zero.
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Figure 40: An illustration of equation 1

The separation springs may be moved on a separation system so they push through the CM. However it may be easier to move the CM.
The lower the v required, the lower the tip-off.

Sometimes tip-off is desired as this may beneficially produce even solar heating or dynamically stabilize the vehicle. In such cases,
migrating the separation springs to one side of the CM or allowing the CM offset (d) to be significant affects the desired tip-off.

Observe that as the v demand increases, the number and mass of separation springs increases with the square of kinetic energy after
separation.

S = ((mM)/(m +M)) (v*2/2nE) 2)
Where
S is the number of separation springs required
m is payload mass
M is final stage mass
v is the relative velocity between m and M “deltaV”

n is the efficiency (kinetic energy after separation / stored strain energy before separation)
E is the stored potential energy of a separation spring that is converted to kinetic energy manifested as v.

The efficiency term ‘n’ accounts for the losses in the Lightband during separation. Testing at PSC has shown n = 0.90 + 0.03.

Figure 41: The relative velocity, v, is created by  the separation springs (S)

Figure 42: From equation 2, the number of springsr  equired increases with the square of v
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Because springs store enerqy inefficiently, relativ

e to rocket engines, they produce velocity poorly (
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springs are lousy rocket

engines). The launch cost of spring weight must be traded for velocity. The minimum number of separation springs should be six (6)
regardless of Lightband diameter. This assures reliable separation.

The location of springs, separation connectors and switches need not be symmetric to minimize tip-off. Sometimes PSC engineers will
modify the location (configuration) of separation springs to null out tip-off torques. This tuning process is done when flight hardware is
acceptance tested. See “separation reliability testing” in the “Standard testing section”. This testing is done on all flight Lightbands.
Following is a sample of test results on a 38 inch Lightband. Time-to-separate increases if only one motor is used or if the voltage is low.

Time-to-initiate is less than time-to-separate, but is not shown.

1.000
X X X X X ¥ ¥ L3 X —X
0.800
0.600 ) —
—e— Time to separate [sec]
—a— Pitch Rate [Degree/second)]
0.400 Roll Rate [Degrees/second)] |
Yaw Rate [Degree/second]
—x— Measured Velocity [Feet/second)]
0.200
A ~ R
*— ° — < *
v ¢ — v\O
0.000
-0.200 / l\./\./'\./l/'\.
-0.400
1 2 3 4 5 6 7 8 9 10
Acceptance Test
Test Item 4000404A04 "Tacsat-2"
Time Test Type Channel A| Channel A Channel B| Firing Circuit| Time to Measured Measured
Trial history file | [Tuning or |Number of| Voltage peak Channel B peak [AorBor separate Pitch Rate Roll Rate Yaw Rate Velocity Velocity
Number name Acceptance] | springs [-] V] Current [A]] Voltage [V]| Current [A] Both] [sec] [Degree/second] | [Degrees/second] | [Degree/second] | [Feet/second] | [m/second]
24 |\test_36.lvm| acceptance 10 29.3 1.060 28.8 1.030 Botl 0.070 -0.288 -0.048 -0.163 0.837 0.255
25  |\test_37.lvm| acceptance 10 28.7 1.044 28.8 1.038 Botl 0.069 -0.194 -0.131 -0.131 0.838 0.255
6 |\test 38.lvm| acceptance 10 36.0 1.270 40.5 1.209 Botl 0.059 -0.28 -0.121 -0.097 0.837 0.255
7 |\test_39.lvm| acceptance 10 19.0 0.000 23.5 1.405 B 0.128 -0.25 -0.105 -0.112 0.839 0.256
8 [\test_40.lvm| acceptance 10 23.6 1.410 19.8 0.000 A 0.125 -0.26. -0.040 -0.121 0.838 0.255
9 |\test_41.lvm| acceptance 10 27.0 0.960 25.0 0.930 Both 0.079 -0.22 -0.064 -0.103 0.836 0.255
0 [\test_42.lvm| acceptance 10 8.0 0.000 33.0 1.759 B 0.084 -0.260 -0.056 -0.115 0.836 0.255
\test_44.lvm| acceptance 10 5.1 0.000 31.0 1.551 B 0.088 -0.24 -0.099 -0.113 0.837 0.255
\test_45.lvm| acceptance 10 8.8 1.563 24.4 0.000 A 0.094 -0.23 -0.052 -0.127 0.837 0.255
\test_46.lvm| acceptance 10 6.4 1.239 36.5 1.221 Both 0.057 -0.27. -0.121 -0.119 0.836 0.255
Mean | 29.184 0.855 29.120 1.014 0.085 -0.252 -0.084 -0.120 0.837 0.255
Maximum 38.000 1.563 40.500 1.759 0.128 -0.194 -0.040 -0.097 0.839 0.256
Minimum] 19.000 0.000 19.800 0.000 0.057 -0.288 -0.131 -0.163 0.836 0.255
Standard Deviation 6.072 0.616 6.322 0.591 0.025 0.028 0.035 0.018 0.001 0.000
TEST CONSTANTS
Retaining ring preload [Ibf] 850
Initiation Pulse duration [sec] 0.48
Mass of separating half of test item [kg 239.4
Figure 43: Typical test results from separation rel iability (air bearing) test conducted on a 38 inch Lightband
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Figure 44: Several payloads on the same launch vehi  cle

When several payloads are on the same launch vehicle, engineers can minimize the possibility of re-contact by varying the separation
velocity and direction. This can be a complex calculation! Angling the payloads so they push through the center of mass reduces tip-off
torques and the possibility of re-contact.

6. Electrical

6.1 Schematics

Figure 45: Motor bracket assembly schematic

The DB-9 connector and the motor case are electrically grounded to the lower ring.
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Figure 46: Schematics to stow, set-for-flight and d eploy

6.2 The motor bracket assembly

The motor assembly is the initiator of the Lightband. Providing it with sufficient power will effect separation of the Lightband. The DB-9
socket connector is fastened to the Motor bracket assembly.

The motors are DC, brush (precious metal commutation). They have permanent magnets. The Manufacturer is Maxon Motors US and the
part number is RE16 118686. A version of this motor is used to operate the Martian Rover “Sojourner”.

The motors are physically connected to each other via the bevel gears. Both should be simultaneously powered to effect Lightband
separation. However, one motor alone will power the Lightband to effect separation.

Stowing the Lightband must only be done by powering both motors because the stowing process takes much more power. Beneficially, if
the Lightband can't be stowed, it indicates a fault in the motor assembly. If it can be stowed it indicates the motor assembly is functional.

Maximum reliability of the Lightband can be attained by minimizing the power into the Lightband and the number of cycles. Specifically,
avoid unnecessary stow / deploy events and minimize specified voltage levels as higher voltages will put more power into the mechanism.
More power leads to higher current which leads to higher torque which leads to higher stresses in the motor bracket assembly.

6.3 Lightband resistance

The resistance of the Lightband when joined is 0.0070 £+ 0.002 ohms. At least one separation electrical connector is required to assure
conductivity because the upper ring is anodized. The conductive path is through the separation connector shells and EMI gasket.

6.4 Harness design

In the beginning of programs engineers and program managers often underestimate the major cost, weight and size of harnesses. This is
due in part to the difficulty of modeling a harness using CAD software. Harnesses sometimes cost and weigh more than the Lightband. If
the net shape of the harness is not predetermined, it may not fit and will require extensive re-work. As such it is absolutely essential _to
complete a detailed CAD model of the wiring harness. PSC does not supply harnesses from the Lightband or through the Lightband.
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Figure 47: Afully featured 3.0 Ib harnessona 5. 2 Ib separation system

Engineers should anticipate the process of attaching the harness to the halves of the Lightband and the adjoining vehicles. The harness

can be attached or removed from the Lightband when the Lightband is set or deployed. The separation connectors and switches are
designed to be attached to the Lightband from the outside.

Figure 48: Through-holes on the outer lip of the Li ghtband upper and lower ring exist for the purpose of routing tie
wraps to support harnesses
While the harness can be passed through the leaves in the lower assembly of the Lightband, so that the harness is on the inside, doing so

creates a substantial mechanical integration difficulty. Getting tools at the fasteners to adjoining vehicles becomes difficult or impossible.
Internal harnesses should be avoided because they are very difficult to access from the outside.

Use the latest revision of PSC document 2000527 Procedure for shield termination and separ  ation connector installation to the
Lightband when installing separation connectors. There is no procedure for the separation switches.
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6.5 Separation Electrical connectors

Figure 49: Separation Connector

Solder pots are provided. The Pins are Type E-S-F made by Pylon. The matrix holding the pins is Vespel SP-1. This polymer will not melt
during the soldering process. An EMI gasket connects the shells of the connector. The harness design section shows how a conductive
braid may be attached to the connector shell. The aluminum housing of the shells is electroless nickel plated. The shells are grounded to
the rings they fasten to.

NOTE: PSC is currently qualifying an improvement. In response to customer feedback PSC advanced the design of the separation
connectors. The pins will have a higher preload and self-cleaning contacts to reduce potential intermittencies. The wire exit is larger to

allow for easier assembly. Shimming may not be required upon assembly. The matrix and shell are keyed to prevent incorrect assembly.
PSC estimates this advancement will be available in early 2010. Greater detail is available in PSC document 2001086.

Figure 50: Separation Connector
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Figure 51: A separation connector attached to a Lig  htband . Two fasteners hold the connector together and to the
Lightband.

Using loop-backs in the electrical connectors should be done with caution as the junction can be intermittent due to shock and vibration.
Employing redundancy and de-bounce circuits has been shown to alleviate this concern. Alternatively, separation switches may be
employed instead of loop-backs. PSC recommends using separation switches as loop-backs.

The separation connector is a PSC design. (We found no connectors that are small and have zero friction contacts.) Zero friction is
essential to easily guarantee low tip-off rates. The reader may note most electrical connections are designed to stay together, an attribute
separation systems must avoid!

The connectors have been extensively tested in shock, vibration and thermal vacuum environments.

The connectors have a keying feature to prevent incorrect engagement. Two Acetal (Delrin) pins are eccentrically located on one half of the
pair. There are accepting bores in the other half.

The connector separates in parallel with the Lightband because each half is attached to a Lightband ring.

The connectors and switches can be shipped ahead of the Lightband to allow the harness to be manufactured concurrently. In such a
case, the harness is attached to the Lightband whenever it is convenient.

Use minimal time to complete solder junction and be certain that all residual solder flux is removed, especially near the moving parts of the
spring pins.

6.6 Separation Switches

The switches may be attached to the upper ring or the lower ring. So they can communicate the separation event to either adjoining
vehicle.

Figure 52: Separation Switch

01 August 2009 Planetary Systems Corporation Page 35 of 67



2000785 Rev B User's Manual for Mark Il Lightband www.planetarysystemscorp.com

Figure 53: Separation Switch
Since neither the switch manufacturer (ITW) nor PSC mark the solder eyes, a multimeter should be used to verify which circuit(s) to solder
to.

At random vibration levels of 17 Grms intermittencies were detected on circuits through the switches. In this test the vibration spectra was
biased towards high frequency. In the case where users anticipate operating in such an extreme environment, de-bounce circuitry may be
useful.

A shielded separation switch is available. Typically this is only used in highly sensitive circuits such as those involved in safe-ing or arming
pyrotechnic events.

Figure 54: Shielded Separation switch
6.7 Voltage, current and duration of Lightband powe  red operations

Table 11: Voltage current and duration of Lightband operations

Operation Allowable Initial Peak Second peak Operation Recommended Consumed
Voltage (1) Current per current per motor time [sec] power ON time electrical energy
motor [A] (2) [A] (3) 4 [sec] (6) (at +39 C) [J]
Stow 26.5+/-0.5 2.57 2.0 1.0 1.3 50.0
Set-for-flight (7) 16.0 +/- 1.0 1.55 0.2 13 13 3.0
Deploy (initiate 28.0 +/- 4.0 2.71 1.2 <0.10 (5) 0.48 25
Lightband)

(1) The stow and deploy reliability and life are maximized when using the lowest values since lower voltages imply lower currents
which imply lower torques which imply lower stress of the moving mechanical hardware

(2)The winding resistance “R” of the motors is 10.3 Ohm. When turned on, the current rises to V/R for no more than 0.02 seconds.
(3) These are the maximum values for all voltages and temperatures. This is the current associated with over-centering. (Motor
torque = torque constant x current.)

(4) The limit switches automatically cut power.

(5) As shown in the following figures, the number of powered motors, voltage and temperature influence the operation time. PSC
typically tunes the Lightband to initiate in 0.075 +/- 0.025 seconds at 23 C at 28 V

(6) Supply power to the Lightband for this amount of time.

(7) If the Set-for-flight operation is skipped (avoid skipping it!), the Lightband will require about 0.65 seconds to initiate. Further detail
is available in PSC document 2000901.

The following figures come from PSC test plan 2000715-Thermal Vacuum qualification of Motor assem
contains more qualification testing data from more recent testing

bly. PSC document 2001044
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Figure 57: Energy to Initiate vs. Number of Trials at Different Temperatures and 28V at 10-5 torr

6.8 Typical response of the Lightband

The following figures come from PSC test plan 2000715-Thermal Vacuum qualification of Motor assem

sampling rate is 1,000 samples/second.
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Figure 58: Initiating separation (deploying) with b oth motors, at 28V at +39 C at 10-5 torr
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Figure 59: Stowing with both motors at 27V
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Figure 60: Setting the Lightband for flight at 15 V

As the preceding figures show, the motors are not only the means to initiate separation, but also accurate transducers indicating the state
of the Lightband. Power (V x 1), energy (integral of power) and torque (torque constant x current) can easily be calculated. When
necessary, this gives engineers a thorough understanding of Lightband performance, especially right before launch.

6.9 Back EMF of the motors

The motors are connected to each other via bevel gears. The electric motors behave like direct current generators when the rotor is
turning. If only one motor is powered, the other will generate a voltage almost as high as the voltage of the powered motor, but not a
current.
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Figure 61: Motor A is powered, motor B indicates a voltage but not a current

6.10 The effect of shorting a motor

When one of the motors is shorted the shorted motor will act as a very effective damper, consuming most of the energy the other motor
generates. The time-to-separate will increase by seconds! Do not short the motor(s)!

6.11 Electrical resistance of the Lightband

The resistance from the upper surface of the upper ring to the lower surface of the lower ring of the Lightband is no more than 0.0070
ohms. The EMI gasket in the separation connector shell is the conductive path between the upper and lower rings. Grounding to adjoining
structures is achieved by using conductive fasteners from the Lightband to adjoining structures. The conductive shell of the DB-9
connector is fastened mechanically and electrically to the lower assembly of the Lightband.

6.12 Surface charging

Because the upper ring has an anodized surface, it may be susceptible to have localized surface charging. It is grounded to adjoining
structures at each bolt location (about every two inches along its circumference). The shells of the separation connectors are grounded at
their mechanical interface to the upper ring via a local spot face where the anodized surface is removed. The lower ring is not anodized
and its surface is fully conductive.

6.13 Radiation Sensitivity
The Lightband is not sensitive to radiation. The Lightband does not posses any integrated circuits or semi-conductors. There are no

diodes, capacitors or resistors.

6.14 Static sensitivity
The Lightband has no static sensitive parts.
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7. Thermal and Thermal-vacuum

7.1 Operating the motors of the Lightband inavacu  um

The Lightband motors are DC, brush motors. The brushes are made of a precious metal and not graphite (graphite should not be used in a
vacuum because its performance degrades rapidly without water vapor). Extensive thermal-vacuum testing of these motors in Lightbands
shows the motors are not susceptible to failure when used in the Lightband as a separation system.

The most extreme thermal environment for a Lightband was STS-116 (Dec. 9-22, 2006). Three Lightbands were used on the CAPE ICU
mission. ICU separated from the Shuttle on the 13th day of the mission. By then the Lightbands had been exposed to about 200 (-25 to +
60 C) thermal cycles. The release temperature was estimated to be -40 C. On STS-127 (July 2009), the same mission was performed with
successful results.

Figure 62: Three Lightbands used on STS-116 aftera  bout 200 (-25 to +60 C) thermal cycles

Generally, the thermal environment of unmanned missions is more benign than shuttle because the separation event on unmanned
missions usually occurs within minutes of reaching orbit and because high-value spacecraft and the final stages of their launch vehicles go
to substantial lengths to avoid temperature extremes.

All flight Lightbands are tested in a thermal-vacuum environment at PSC. The standard test is shown in a later section of this document.

7.2 Survival and operating limits

The survival limit is -50 to +100 C.
The operating limit is -25 to +90 C.

Extensive testing has shown the ideal operating (deployment) temperature is +35 C. This temperature minimizes product of time to initiate
and energy to initiate. This temperature is an ideal target. Test have shown the Lightband will operate at -34 C.

At lower temperature the energy and time to initiate separation increase substantially because the lubricants’ viscosity increases and

because CTE differences in the elements of the Lightband increase preload of mechanized junctions, increasing the energy needed to
operate.
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Figure 63: Data record from a typical thermal vacuu  m acceptance test (P < 10e-5 torr)

7.3 Absorbtivity and emmissivity

The materials Table 2 show the surface treatment of the Lightband. PSC does not assert any specific value of absorptivity or emmissivity
for these treatments. They may not be modified by the addition of paint or tape because there is no area to apply such treatments.

7.4 Thermal resistance

The thermal resistance of the Lightband is shown in section 4. A detailed report, 2000562- Thermal Resistance Test, is available at
www.planetarysystemscorp.com

7.5 Typical thermal response

The Lightband is intimately connected to massive adjoining structures on orbit. Typically its view factor to Earth, space or Sun is low due to
density and size of adjoining structures. As such the Lightband temperature is driven by conduction to and from adjoining vehicles. As the
reader may be aware, adjoining structures typically cannot tolerate temperatures outside of a 0 to +56C band because these temperatures

often exceed operating limits of propellants, electronics and batteries which are necessarily intimately tied to adjoining structures. PSC will
look with skepticism at requests to test Lightbands outside of the 0 to +56 C band.

7.6 Thermal gradients and transients

The Lightband has been separated while exposed to substantial temperature difference between the upper and lower ring via heating from
the lower ring. Section 4.2 of PSC Document 2000715 shows a test where about 900 W was applied to the lower ring (emulating heating
form a rocket motor) for 188 seconds preceding a separation test at 188 seconds at 10-5 torr. At separation, the temperature difference
between the upper and lower ring of the Lightband was 30C.

01 August 2009 Planetary Systems Corporation Page 44 of 67



2000785 Rev B User's Manual for Mark Il Lightband

WWW. Q| anetarysystemscorp.com

80.0
3 X
I X
70.0 X
r X
L X
i X
60.0 %
—~ : x = o T1 Motor A
\Q/ L
a 500 1 pad m T2 Upper Ring
% I « = - = T3 Lower Ring
- L
- X - " x T4 Lower Ring
40.0 -
L X a
[ X [
F a
30.0 + L X I
r .
L y .- L e .
r .
X = " o e e
200% % 5 8 o o ¢ o o — — 000
0 60 120 180
Time (s)

Figure 64: Thermal transient test of Section 4.2 of

8. Vibration

Testing shows the Lightbands will tolerate the following “qualification” environment as unit without degradation. WARNING: this level
should not be excited through the Lightband when the Lightband is supporting a substantial mass without careful consideration of the

effects of resonance and structural impedance.

PSC Document 2000715

Frequency [Hz] PSD [g"2/hz]
20 0.026
50 0.16
800 0.16
2000 0.026
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Duration 3 minutes /axis
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Figure 65: Vibration environment the Lightband will tolerate (Lightband qualification level)

PSC tests to lower levels (-6db) when testing flight hardware prior to delivery to customers. The above environment is for the Lightband
alone. When the Lightband is supporting a structure, engineers must determine how the vibration environment will generate line loading
and determine how much fatigue life of the Lightband will be consumed. The fatigue life is shown in earlier sections.
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9. Shock

The Lightband generates shock during the separation or deployment event. A detailed shock test 2000855 Rev- IBEX MLB15.000 Shock
Test generated the following data on the separation event and the transmissibility. The shock response spectra (SRS) are calculated with
1/3 octave and 5% damping. Transmissibility is the ratio of the SRS in an excited axis. The Lightband substantially attenuates shock.

9.1 Shock from the Lightband

Shock accelerometers were fastened to flanges of structures adjoining the Lightband upper and lower ring. This is the shock users may
expect at space and launch vehicles. Generally shock was lower at the upper ring. However some of the highest shock was in the X axis
on the upper ring.

Figure 66:Two sets of tri-axial accelerometers are bonded to the flanges of the transition rings which are fastened to the
Lightband. The grey cable is fastened to the DB-9  connector on the Lightband. This is the test confi guration for separation
shock test 1.

— 1X (Lower Ring) — 1Y (Lower Ring) — 1Z (Lower Ring)
— 2X (Upper Ring) — 2Y (Upper Ring) 2Z (Upper Ring)

Figure 67: A typical time history. The shock event lasts about 0.025 seconds.
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—1X (Lower Ring) —1Y (Lower Ring) —1Z (Lower Ring)
—2X (Upper Ring) —2Y (Upper Ring) 2Z (Upper Ring)

Figure 68: Typical shock response spectrum

9.2 Shock Transmissibility

The ratio of the SRS is defined as the transmissibility. The source of shock is a hammer impact to the lower ring in the measurement
direction. Transmissibility, defined as the ratio of the SRS in a given axis, is about 1.0 from 30 to 300 Hz. At higher frequencies, the

response of the upper ring was about 1/5" the response of the lower ring. In other words, above 300 Hz the Lightband generally and

substantially attenuates shock.

— 3X (Lower Ring)
—4X (Upper Ring)

Figure 69: Shock Transmissibility in the X directio n
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—3Y (Lower Ring)
—4Y (Upper Ring)

Figure 70: Shock Transmissibility in the Y directio n

—5Z (Lower Ring)
—6Z (Upper Ring)

Figure 71: Shock Transmissibility in the Z directio n

10. Selecting a Lightband

10.1 Read this manual
Because you thoroughly understand the Lightband, you are in the best position to avoid costly test failures and program delays.
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10.2 Determine Stiffness Requirements
Select the Lightband based on your stiffness requirements.

Figure 72: Larger diameters are a lot stifferand s tronger

Stiffness increases with the cube of diameter. For example a 15 inch diameter Lightband is about 6.6 times stiffer than an 8 inch Lightband
but only weighs twice as much. The first lateral mode frequency increases with the 3/2 power of diameter. Since in many missions payload
stiffness is often barely above allowable minimums, it behooves engineers to use a larger diameter than strength requires to purchase
margin with a small increase in weight.

10.3 Determine if an isolation system is valuable
Isolation systems can substantially attenuate detrimental vibratory environments. However, typically it also reduces natural frequency.

10.4 Determine Strength Requirements

Calculate maximum line load from section 3.4 and over-all loading and verify those values are less than maximum loads shown in Table 2.
It is not sufficient just to be below maximum line loading, it is also necessary to be below allowable loading

10.5 Cyclic loading and fatigue
Determine if the vibration environment will cause an exceedance of allowable line loading.

10.6 Determine the number of separation springs

A typical target is to select enough springs for a relative velocity of 0.3 meters /second. PSC will not be able to complete acceptance testing
if more than 24 springs are chosen because of the substantial forces required to set the Lightbands. Each spring produces 20.6 Ib of force
at full compression. Users may have to build cumbersome devices to overcome the forces of too many separation springs, especially in
the case of horizontal integration. The minimum number of separation springs should be six (6) regardless of Lightband diameter. This
assures separation. Please provide PSC with the required relative velocity and the mass of the adjoining vehicles.

10.7 Determine if a roll rate is required

Sometimes customers desire a rotation rate to provide even solar heating of their space vehicle following separation. PSC can produce roll
rates up to about 10 deg second using the Roll Bracket Assembly . During separation the orange (or white) rollers contact, causing a roll
rate about the Lightband X axis. The slots in the bracket allow engineers to vary the interference of the rollers and so vary the roll rate
during the tuning process in the standard separation reliability testing PSC performs. Thus the roll rate can be verified by test. The Roll
Bracket Assembly mounts on the same features as the separation connector and switch. This is not a standard service.

Figure 73: Roll Bracket Assembly on a Lightband (us  ed on CUSat)

10.8 Determine the number of separation switches an  d their location

As with separation connectors, fewer are better and at least one is required to guarantee electrical conductivity through the Lightband. Use
switches for loop-back when they are needed as the separation connectors may experience microsecond duration intermittencies due to
shock or vibration. By default PSC typically provides two.

10.9 Determine the number of separation connectors and their location

As shown earlier, the more separation connectors, the more complex and heavy the harness. At least one is required to assure
conductivity through the Lightband because the upper ring is anodized. By default PSC typically provides two.
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10.10 Complete a fit check

Integrate a CAD (STEP) model of the Lightband (check PSC website or contact PSC) and verify your fit requirements. Remember to
include your wiring harness to and through the Lightband. Also determine how you will fasten and operate the Lightband for shipment,
testing and final integration procedures. Determine the electrical and mechanical ground support equipment (GSE) you may need for you
use.

10.11 Determine if you need an Engineering Developm  ent Unit (EDU)

EDU Lightbands are the same as flight Lightbands except EDU’s only receive a bench top separation test prior to shipment to the
customer.

10.12 Specify the Launch Vehicle you intend to use
PSC may have insights into unpublished LV limitations or benefits.

10.13 Specify the Lightband

Lightband Lightband size Separation spring Separation Switch Separation End use (flight
quantity quantity Connector quantity ‘FLT’ or engineering
development unit
‘EDU)
MKII

For example: MklI-15-6-3-2-FLT specifies a fifteen inch diameter, Mark Il Lightband with six separation springs, three separation switches,
two separation connectors used for space flight.

11. Handling the Lightband

When the Lightband is separated and not attached to other structures, it is in its most flexible and fragile state. The separation connectors
can get dirty and may indicate open at the pins if there is debris in the connector. The motor assembly is exposed to accidental loading
that may loosen the mechanical junctions in the motor assembly (for example cracking a motor off).

Lubricant (Braycote 601) is applied in several locations and should not be removed by cleaning processes. Lubricant is located in the
motor assembly, the retaining ring, the leaves and in the accepting groove of the upper ring.

12. Operating the Lightband

It is required that all Lightband user’s take a training course provided by PSC in Silver Spring, MD. This training is included in the cost.
Without this training the probability of user-induced failure will be high. The latest revision of PSC document 2000781 MklIl MLB Mating
Procedure details the allowable operating procedures.

12.1 Access to fasteners

When the Lightband is separated, the fasteners to the adjoining structures are readily accessible. When the Lightband is stowed, access to
fasteners is limited but possible if there is access form the inside (such as in ESPA). Hex drivers (Allen keys) need to be shortened.
Access from the inside is very valuable when removing a stowed Lightband from an adjoining structure.

01 August 2009 Planetary Systems Corporation Page 50 of 67



2000785 Rev B User's Manual for Mark Il Lightband www.planetarysystemscorp.com

12.2 Vertical and horizontal integration to adjoini ng vehicles

Figure 74: Vertical and horizontal integration

Vertical integration allows the weight of the space vehicle to compress the separation springs. Horizontal integration requires the capacity to
compress the separation springs (such as a clamp that straddled the space vehicle). Isolation systems simplify integration because the
remove the need to stow the Lightband in the field, alleviate flatness requirements and add compliance to the whole system.

The compliance of the whole system, as represented by the spring icon, needs to be assessed. When the Lightband is stowed as part of
the integration process, the whole system will be structurally indeterminate. If the space vehicle is too high or at an angle, the Lightband
will have to pull the space vehicle down and vise versa. To minimize this effect, a more compliant spring and / or a more precise control of
space vehicle position in all six degrees of freedom is desired.

Transition rings (or other rigid structures) are necessary only when stowing. Once the Lightband is stowed, the transition rings can be
removed. NOTE: PSC is currently evaluating a stiffer lower ring that may delete this need.

Flatness of the adjoining surfaces should be within the flatness requirement. If not, shims (epoxy or metal) can be used to attain the
required flatness.
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Figure 75: Horizontal integration (with an isolati on system) of a space vehicle onto a launch vehicle

Figure 76: Vertical integration (NanoSat)

Figure 77: Vertical integration (CAPE ICU)
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13. Reliability

Table 12: Minimum Reliability and corresponding con fidence level

Probability of Success Confidence Level [%]
0.999 60
0.998 85
0.997 95
0.996 97.5

The above was calculated using table 22.4 of Space Vehicle Mechanisms by Peter L. Conley for ~1,000 no failure tests

As of the revision date of this document, the Lightband has operated successfully many times in space flight. There have been no failures
to operate in space flight.

Prior to spaceflight, each flight Lightband is separated about 30 times to verify operability. These ground tests are part of acceptance or
proto-qualification test programs conducted by PSC and the customer.

PSC tests development and qualification units to examine reliability limits and inform the allowable limits of Lightbands in ground test and
space flight. A typical qualification test will result in about 140 separation tests on a single Lightband. These separation tests are part of
strength, vibratory, shock and Thermal vacuum tests.

Because of the reusability of the Lightband and the high production rate, it has been inexpensive to amass test data that is several orders
of magnitude larger than competing pyrotechnic systems. (The Lightband was designed to be reusable with the intent of demonstrating
reliability.)

Both motors are required to stow or join the Lightband. Stowing consumes about 30 times more energy than deploying. So the act of
stowing the Lightband before flight accurately indicates the capacity of the Lightband to deploy and separate on orbit. If the Lightband
cannot be stowed, it indicates one of the motors is inoperable. The setting for flight operation (completed after the Lightband is stowed) is a
low power operation completed by both motors. If the current into the motors is monitored during this operation, it will clearly provide data
to indicate the capacity of the Lightband to operate properly on orbit.

Maximum reliability of the Lightband can be attained by minimizing the power into the Lightband and the number of cycles. Specifically,
avoid unnecessary stow / deploy events and minimize specified voltage levels as higher voltages will put more power into the mechanism.
If at all possible monitor the current and voltage supplied to the Lightband during operations to inform yourself of Lightband behavior. More
power leads to higher current which leads to higher torque which leads to higher stresses in the motor bracket assembly.

PSC constantly advances the Lightband technology to increase reliability during ground test and on-orbit. By building and testing about 20
flight Lightbands per year, PSC engineers are made aware of trends that might compromise reliability.

14. Failure modes and effects analysis (FMEA)

The most likely source of failure is customer error.
A customer bypassed the limit switches, turned off current limit, and then used a screw driver to help the Lightband stow. It was
already stowed, which is what the limit switches were for...

Figure 78: End plate ripped off sliding tube becaus e the Lightband was not properly set before applyin g stow power

A customer forgot to notch vibration inputs and broke the Lightband, then kept testing....
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Figure 79: A leaf from a Lightband cracked in half during a flawed random vibration test

A customer had PSC engineers fly to Kodiak, AK to fix a broken Lightband only to discover the customer was improperly
operating a multimeter used to verify Lightband operation...

A customer forgot the Lightband was connected to the power supply during a ground test of the initiation electronics. The
Lightband deployed and the cantilevered structure separated damaging the Lightband.

A customer mis-wired the cable from the launch vehicle to the Lightband resulting in stalling the motors for ~60 seconds.

Specifically, customers either fail to follow stow procedures properly or fail to verify electrical connections. This failure is typically
discovered soon after receipt by customer and at considerable cost. To prevent this failure mode, all users are required to be certified to
operate the Lightband by PSC. Users often neglect to thoroughly understand the material presented in this manual.

Excluding human error, the following is the mechanical FMEA:

Table 13: Failure modes and effects analysis

FAILURE MODE EFFECT ON SEPARATION EVENT
IA Deploy limit switch fails closed None, but the ball nut will come off the ball screw
IA Deploy limit switch fails open Time to separate increases by 0.05 seconds.
IA Stow limit Switch fails closed None
IA Stow limit switch fails open None
IA Motor fails open Time to separate increases by 0.05 seconds.
IA Motor fails closed (short) Time to separate increases by several seconds.
IA Motor fails to rotate Failure to separate
Gears jam (failure to rotate) Failure to separate
Leaf fractures Other leaves bear load
Leaf fails to separate from groove in upper ring High tip-off or failure to separate

15. Cleanliness

Users should maintain the Lightband in a visibly clean environment. The Lightband should be covered when not in use.

The Lightband is assembled and tested in an environment that is visibly clean. The thermal vacuum acceptance test tends to boil-off
volatile contaminants and expose the presence of contaminants by not allowing the chamber to reach low pressure states (<10e-5 torr). As
such, the thermal-vacuum test tends to clean the Lightbands of volatile materials or expose the presence of unacceptable contamination.
The Lightbands are covered when not in use at PSC. The shipping methods section shows the contamination control methods used in

shipping.
The separation connectors are sensitive to contamination. In the deployed state debris may deposit on the heads of the spring pins which

may not get wiped away when mating, leading to intermittent performance. PSC is qualifying advanced separation connectors to reduce
this sensitivity.
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Figure 80: Viton bumpers can be a small debris sour  ce

The Viton bumpers can shed small (<0.005 inch diameter) debris if the Lightband is stowed and deployed a lot.

16. Manufacturing process

Engineers at PSC design assemble and test Lightbands. All of the machining and fabrication is completed by vendors qualified to PSC’s
standards. Currently only engineers are allowed to assemble or test Lightbands. PSC maintains written documentation of all tasks
associated with flight hardware procurement, storage, assembly, test and shipment. Lightbands and their subsystems are tracked and
completely traceable using their purchase order, serial number or lot. Just like in testing at PSC, manufacturing is done in teams. Two
engineers sign-off on steps in manufacturing procedures (one acts as the technician, the other as quality assurance) and three engineers
execute a Build Complete Review (BCR) as the final step in the completion of the manufacturing procedures.
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Figure 81: PSC's standard manufacturing process

PSC writes, executes and approves manufacturing procedures. PSC also takes any corrective action if anomalies arise. The customer
furnished wiring harness is not included in the manufacturing of a Lightband at PSC. (The harness is added later by the customer.)

Figure 82: Lightband assembly at PSC
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17. Standard Acceptance Testing of Lightbands

PSC completes four standard acceptance tests on flight Lightbands prior to delivery. This is part of PSC’s quality assurance plan. EDU
Lightbands are not tested except for several bench-top separation tests. Just like in manufacturing, testing is done in teams. Two
engineers sign-off on individual steps in testing procedures (one acts as the test director, the other as quality assurance) and three
engineers execute a Test Complete Review (TCR) as the final step in the completion of the test procedures.

The Lightband is tested as “a unit” with respect to the definition in MIL STD 1540. However, PSC’s testing of the Lightband does not
include the wiring harness, which as noted earlier can weigh as much as the Lightband. Transition rings are fastened to the Lightband
during testing to mimic flight-like structural, thermal and dynamic boundary conditions.

PSC writes, executes and approves the test plans. PSC also takes any corrective action if anomalies arise. Customers are supplied the
test plans prior to test start (if requested). The customer furnished wiring harness is not included in the standard testing. Typically, because
the flight separation switches and connectors are in use by the customer, flight duplicates are used in their place in their nominal location in
this testing. Prior to these tests, PSC completes several bench-top separation tests in order to tune-in the preload force of the retaining
ring. There is no set sequence for these four tests. Generally, customers are allowed to send one (1) person to attend all testing at PSC.

Test engineers may opt to employ a load cell link (connects the sliding tube to the retaining ring) to monitor retaining ring preload during
test. Following testing, the load cell link is replaced with an un-instrumented link.

Table 14: Initiation voltages during (or immediatel vy following) test

Event Motors powered [A, B, Both] at Voltage [V]
Bench-top separation Both 28
Strength test Both 28
Vibration test Both 28
Thermal Vacuum Test Both 32 or Both 24 at high or low temperature
Separation reliability A32,B32, Both32, A28,B28, Both28, A24, B24, Both24

Figure 83: Typical test data from a Lightband separ  ation test

17.1 Strength Testing
Typical Location: PSC
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Objective: Verify strength of the Lightband

Standard Levels: Half of maximum loads shown in Table 1. Lateral and axial loads applied sequentially (not at the same time). The load is
held at maximum for 60 seconds. Load is applied in about 20% increments.

Number of separations: One (1) following the test

Figure 84: Loads are applied through a flight-like structure

17.2 Vibration Testing

Typical Location: DC Metro Area
Objective: Verify workmanship
Standard Levels:
Table 15: Standard Random Vibration Environment

Frequency [Hz] Level (G"2/hz)
20 0.013
20-50 +6dB/oct
50-800 0.08
800-2,000 -6dB/oct
2,000 0.013
Overall 10.0 Grms
Duration, each axis 1.0 Minutes
Number of axes 3 (X, Yand2z)
Tolerance / Alarm +/-3db
Abort +/-6db

Number of separations:  One (1) following the last of three axes of vibration

Figure 85: The Lightband attached to two transition rings and the Electro-dynamic Exciter
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17.3 Separation reliability testing
The separation reliability test is usually tailored to each mission because the separation velocity may be unique.

Typical Location: PSC

Objective: Verify separation velocity, time-to separate, time to initiate, tip-off and repeatability
Standard Levels: At least 10 separations. Separate with one motor and both. 32, 28 and 24 Volt.
Number of separations: At least 11, typically 15

Figure 86: A spherical air bearing on three planar air bearings allows frictionless 5 degrees of freed om
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Figure 87: Typical Test flow

Test Item 4000404A04 "Tacsat-2"
Time Test Type Channel A| Channel A Channel B| Firing Circuit| Time to Measured Measured
Trial history file | [Tuning or |Number of| Voltage peak Channel B peak [AorBor separate Pitch Rate Roll Rate Yaw Rate Velocity Velocity
Number name Acceptance] | springs [-] Current [A]] Voltage [V]| Current [A] Both] [sec] [Degree/second] | [Degrees/second] | [Degree/second] | [Feet/second] | [m/second]
24 |\test_36.lvm| acceptance 10 29.3 1.060 28.8 1.030 Botl 0.070 -0.288 -0.048 -0.163 0.837 0.255
25 |\test_37.lvm| acceptance 10 28.7 1.044 28.8 1.038 Botl 0.069 0.194 -0.131 -0.131 0.838 0.255
6 |\test_38.lvm| acceptance 10 36.0 1.270 40.5 1.209 Both 0.059 0.28 -0.121 -0.097 0.837 0.255
7 |\test_39.lvm| acceptance 10 19.0 0.000 23.5 1.405 B 0.128 0.25 -0.105 -0.112 0.839 0.256
8 [\test_40.lvm| acceptance 10 23.6 1.410 19.8 0.000 A 0.125 -0.26. -0.040 -0.121 0.838 0.255
9 |\test_41.lvm| acceptance 10 27.0 0.960 25.0 0.930 Both 0.079 -0.22 -0.064 -0.103 0.836 0.255
0 [\test_42.lvm| acceptance 10 8.0 0.000 33.0 1.759 B 0.084 0.260 -0.056 -0.115 0.836 0.255
\test_44.lvm| acceptance 10 5.1 0.000 31.0 1.551 B 0.088 0.24 -0.099 -0.113 0.837 0.255
\test_45.lvm| acceptance 10 8.8 1.563 24.4 0.000 A 0.094 0.23 -0.052 -0.127 0.837 0.255
\test_46.lvm| acceptance 10 6.4 1.239 36.5 1.221 Both 0.057 0.27. -0.121 -0.119 0.836 0.255
Mean | 29.184 0.855 29.120 1.014 0.085 -0.252 -0.084 -0.120 0.837 0.255
Maximum 38.000 1.563 40.500 1.759 0.128 -0.194 -0.040 -0.097 0.839 0.256
Minimum] 19.000 0.000 19.800 0.000 0.057 -0.288 -0.131 -0.163 0.836 0.255
Standard Deviation 6.072 0.616 6.322 0.591 0.025 0.028 0.035 0.018 0.001 0.000
TEST CONSTANTS
Retaining ring preload [Ibf] 850
Initiation Pulse duration [sec] 0.48
Mass of separating half of test item [kg 239.4

Figure 88: Typical test results from air bearing se

paration test conducted on a 38 inch Lightband

In the rare case that the CM is not on the Lightband X axis, PSC can test by shifting the Lightband WRT the center of the spherical air-
bearing. Thus the CM offset can be nullified by migrating the sum of the spring’s action to the CM. This operation is not trivial and adds
substantially to this test effort. Customers should be sure such a test is warranted before requesting it.
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17.4 Thermal-vacuum testing

Typical Location: PSC
Objective: Verify time-to-separate at temperature and pressure extremes
Standard Levels: +70 C bake-out for 30 minutes then 0.0 to +56.0 C, 8 cycles, 10e-5 Torr, 10 minute dwells

Figure 89: The Lightband is cycled and separated in the extremes of temperature and vacuum

Figure 90: Thermal profile

Number of separations: One separation after gt cycle (in vacuum typically at a temperature extreme)

A dwell in excess of 10 minutes is unnecessary because the Lightband is relatively conductive, unlike; say an avionics box which may
possess many structures that are poorly coupled to the thermal sink.

01 August 2009 Planetary Systems Corporation Page 61 of 67



2000785 Rev B User's Manual for Mark Il Lightband www.planetarysystemscorp.com

17.5 Inspection and success criteria

Table 16: Standard inspection of Lightband (excerpt  ed from PSC document 2001066)

Test Dir. QA
Step Description Date/ Date/ Notes
Initials Initials
Lightband
Did the Lightband separate? [Yes/No]
Leaves

Is the leaf retaining cord contained in the
crescent feature of the leaves? [Yes/No]

Fasteners
Are all accessible fasteners in place? [Yes/No]
Are all accessible fasteners tight (can’t be
removed without tools?) [Yes/No]
Is the staking not delaminated? [Yes/No]

Upper Ring
. Are the Spring Plungers protruding from groove

base 0.12 + 0.03 inches? [Yes/No]

Are the Shear Pins not protruding from upper

ring? (they should not be visible) [Yes/No]

Do the Separation Connector pins (if connectors

are attached) compress and elongate 0.065 +

0.0linches? [Yes/No]

Does the Separation Switch plunger (if attached)

compress and elongate 0.280 + 0.040 inches?

Is the Staking not delaminated? [Yes/No]

Lower Ring
. Do separation springs compress and elongate 0.8
+ 0.1 inches? [Yes/No]

Do the Separation Connector pins (if connectors
are attached) compress and elongate 0.065 +
0.0linches? [Yes/No]

Does the Separation Switch plunger (if attached)
compress and elongate 0.280 * 0.040 inches?
[Yes/No]

Is the Staking not delaminated? [Yes/No]

Motor Bracket Assembly
Do the four Limit Switches change resistance
more than 1.0 Mega-ohm when depressed?
[Yes/No]

Detrimental Yield

Is the Lightband free of any damage that prevents
nominal operation? [Yes/No]

This test shall be deemed a success if all of the answers are “yes”. PSC reserves the right to pass a test item if three PSC engineers
determine a failed inspection point is non-detrimental to the future operation of the Lightband. For example: a small piece (0.05 x 0.05 inch)
of staking comes off in a test but the remaining staking is clearly in place around a fastener head. PSC also reserves the right to fail a test

item, even if the answers are all yes, if three PSC engineers decide the item should fail.

18. Testing and other procedures by user

Users often complete some of these tests and procedures.

Table 17: Testing and other procedures

Test or procedure Objective Remarks and cautions
Fit check to adjoining structures Verify bolt patterns and clocking Is the electr!cal wiring harness attached
during this procedure?
Will the Lightband be over loaded at
Vehicle level vibration test Verify workmanship and modes resonance? Are notching or force limiting

methods employed?

Verify the initiation circuit and power system

from the launch vehicle will properly initiate

Electrical initiation test the Lightband. Verify adjoining vehicle will

receive the proper signal (ex. Loop-back
goes open) upon separation

Are Lightband operation procedures being
followed (Latest revision of PSC document
2000781 MKII MLB Mating Procedure )
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Figure 91: Electro-mechanical fit check and a separ  ation test with a Lightband

19. Ground support equipment (GSE)

Several pieces of GSE have been useful to customers in the past. In cases so noted, PSC can supply production drawings. Generally,
PSC does not supply nor lend-out GSE.

Table 18: Ground support equipment

Production
- drawings .
Item Description available for Graphic
user's?

A structure that has the same mass
and center of mass of the payload.

Caution: structures such as these tend
Mass mock-ups to be low damping and at resonance

with the Lightband substantially increase response. NO
bolt pattern. Force limiting or notching of input may

be required to prevent damage.
Precise machining is required meet
flatness requirements.

Fastens to the upper or lower ring.
Useful to attenuate flatness issues of
adjoining structures, allow access to
fasteners to Lightband and to allow a YES
Lightband to operated (the Lightband

must be attached to an adjoining
structure or it will flex too much when
stowing)

Transition Ring
(PSC Part
Number 200741)
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Production
- drawings ;
Item Description availableg for Graphic
user's?
The interface between a electro-
Vibration adapter dynamic exciter and the Lightband or YES
plate a transition ring. Also used in strength
tests.
Simple Lightband
Controller Used to deploy, stow and set-for-flight
the Lightband. Battery operated or
(Note: you can can use power from a power supply.
make your own Requires a cable between the YES
witha 28V /5A Lightband and the controller with DB-9
power supply and connectors. Does not record current
a DB-9 pin or voltage.
connector)
PSC engineers use this in the field to
automatically deploy, stow and set-for-
flight the Lightband for high value
Lightband Test programs. Records each motor’s NO
Rack current and voltage at 1,000
samples/second. Calculates power,
energy, and duration.
Weighs 130 Ib.
When blind mating is required, these
Alignment pins pins add cgntrol to the mating' NO
process. Note: the separation springs
already provide this function.
Overcome the separation spring force
Compression tool when the pa_yloaql is integrated. _This NO
can substantially improve the available
payload integration options.
PSC is currently developing a process where zip-ties are
used next to each separation spring. After the Lightband
is stowed, all the zip ties MUST be removed!
Lightband Emulates the stiffness of a Lightband
Stiffness THIS PRODUCT IS EXPERIMENTAL. YES
Simulator PSC HAS NOT YET VERIFIED THE

FIDELITY OF THIS SIMULATOR.
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20. Typical Lightband delivery schedule

Table 19: Typical schedule for non-custom Lightband s

Time, After receipt of order (ARO) 1 2 3 4 5 6 7 8 9
[Months]

Machining

Inspection and assembly

Test Readiness Review (TRR)

Strength Testing

Vibration Testing

Separation Testing

Thermal Vacuum Testing

Ship X

Some Lightbands have been delivered 4 months ARO, however the price is higher. Customers can receive status reports of the above
schedule events. The standard deliverables are:

1-  The Lightband(s)

2-  The production log (provides detailed traceability of parts, procedures and other materials)

3-  All test procedures and reports

4-  Certificate of conformance

Whenever a Lightband is required that is different (i.e. requires custom features, additional testing, different procedures, different
compliance documents, etc) from one presented in this document it is by definition a customized product. In this case PSC will present the
following schedule and terms and conditions.

Table 20: Customization schedule

Item Description Deliverables from PSC Preferred Contract
type
Phase | Complete specification of the -Assembly drawings Cost plus fixed fee
customization -All test procedures or time and
-Custom tooling materials

-Manufacturing and test schedule
-All success criteria
-Anomaly reporting

Phase Il Build and test Lightbands to Phase | - Lightbands Firm fixed price
- Test results
Any change Any “To be determined” or any change in -Modifications for hardware, procedure, schedule, | Cost plus fixed fee
to Phase | requirements that exceeds specifications etc or time and
in Phase | materials

Figure 92: A custom upper ring for an MLB31.6 Mk | | used on the IBEX program
Prospective users should be aware that the cost and schedule of customized Lightbands is often substantially greater than the standard
product presented in this document.
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21. Purchasing a Lightband

Lightband prices are listed on the GSA Schedule. Contact PSC directly to receive the most recent prices. Standard payment schedules are
shown as follows. See the section on selecting a Lightband to specify the part number.

Table 21: Standard payment schedule

Event Payment [%)]
Receipt of order 50
Build complete 25
Delivery 25

22. Packing, shipping and unpacking methods

PSC Document 2000827 Rev- Procedure to Pack and Unpack Mark Il M LB is the recommended procedure to pack and unpack the
Lightband.

Table 22: Packing and shipping methods

GRAPHIC DESCRIPTION

The Lightband is shipped in the deployed state. Stand-offs
(typically colored RED) are used to hold the upper and lower ring
separated.

The Lightband is wrapped in two bags. Desiccant packs are
placed in the inner bag.

Composite foam shapes encapsulate the Lightband

A telescoping, high-strength, corrugated cardboard box enclosed
the foam. The contents (Lightband, Serial Number, Contract,
etc.) are indicated on the outside of the box.

Shipping service is FedEx, Next Business Day. Shipping weight
is about 25 Ib.
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23. Storage Requirements

Store the Lightband in a sealed enclosure, in a relative humidity less than 70%, at temperatures between 0 and 50 C. If possible, store the
Lightband in the deployed state (this is how PSC ships the Lightband). The separation springs are designed not to creep due to long term
storage. The Lightband is designed to remain stowed and ready for separation. The shelf life is estimated to be 20 years.

The most extreme storage environment a Lightband (a Mkl) has been exposed to is on the STS-116 and -127 missions where the
Lightbands (six of them) were on-orbit for more than two weeks following sitting on the launch pad for several months. The uncontrolled
thermal cycling (about 250 cycles at about -25 to +70 C and about 10-9 torr of the shuttle bay is estimated to be an extremely rigorous
verification of the Lightband’s capacity to operate after long term storage.

24. Procedures, Documents and Publications

Table 23: Procedures, Documents and Publications

Procedures and Documents

2000827 Procedure to Pack and Unpack Mark Il MLB

2000527 Procedure for shield termination and separation connector installation to the Lightband

2000541 Lightband Stiffness

2000562 Thermal Resistance Test

2000715 Thermal Vacuum qualification of Motor assembly

2000781 MkII MLB Mating Procedure

2000867 Lightband Retaining Ring Preload Recommendations

3000221 EMI Switch Shield Termination and Attachment Procedure

1001015 Warranty MLB

2001066 MKII MLB Inspection Report

Publications detailing Lightband use

Lightband As Enabling Technology AIAA-RS2 2004-7005

SSCO06-1X-7 Lessons Learned Developing Separation Systems For Small Satellites

Automating Separation System Testing, Proceedings of the 36™ Aerospace Mechanisms Symposium, Glenn Research Center, May 15-
17, 2002

Lessons Learned Designing A Spherical Satellite Release Mechanism, 39™ Aerospace Mechanisms Symposium, Huntsville Alabama,
May 2008

25. Glossary

Bench-top testing: A separation test of the Lightband on a bench top. Rate and velocity information are not recovered.

Electro dynamic exciter (EDE): A machine used to apply vibratory loading. Essentially a giant solenoid.

Engineering development unit (EDU): A Lightband designated for use on the ground to allow engineers to use flight like hardware. EDU
are not exposed to standard testing, they only receive several bench-top separation tests prior to delivery

Flight Unit: A Lightband designated for use as a hardware that will fly into space. Flight units are exposed to standard testing prior to
delivery

Set-for-flight: Moving the ball nut from the stow endplate to the deploy end plate. This relatively low power operation significantly
decreases the time to initiate by reducing the distance the ball nut needs to travel to initiate.

Stow: To join the Lightband by operating the motors until a stow limit switch opens a circuit

Time to initiate: Power on until any deploy limit switches first opens a circuit

Time to deploy (or separate): Power on until a loop-back in a separation connector opens a circuit. This corresponds to about 0.130
inches of travel in the X direction

Build Complete Review (BCR): Verify product assembly is complete (and hence ready for test). This includes bench-top separation.
Test Readiness Review (TRR): Verify test plans meet PBS

Product Build Specification (PBS):  Test values for testing (acceptance proto-flight, qualification, etc) Subsystem configuration (springs,
switches, connectors)

Test Complete Review (TCR) : Strength, Vibration, Thermal vacuum, Separation reliability

End Item Data Package (EIDP) : As run test plans, production log and certification

26. Warranty

The warranty is covered in PSC document 1001015 Rev - Warranty MLB.
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