PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

This is a standalone specification intended for payload designers. Planetary Systems Corporation does not
design or manufacture payloads.

1. FEATURES AND BENEFITS

e Preloaded Payload Tabs create a modelable load path to the payload
so strength at critical locations like reaction wheel bearings can be
accurately calculated. Preload means the payload can't jiggle and
damage itself.

e Separation Electrical Connector allows communication and charging
between payload and launch vehicle prior to and during launch. It also
grounds the payload to the CSD

e Dispenser Constrained Deployables greatly reduce the costs and
complexity of payload deployables like solar panels and antennas.

e Largest Volume versus existing designs accommodates larger
payloads. Payloads have 15% more volume and can be 1 inch longer
than standard CubeSats.

e Unrestricted External Shape eliminates need for four corner rails. Al dimensions mm

e Safe/Arm Access on Front ensures payload access at all times via
CSD door.

¢ Flight Validated in 2013.

e Fully Documented mechanical and electrical interfaces and CAD
models available on request allowing rapid and low-cost design.

e Parametric Design commonality allows users easy understanding of
electro-mechanical interface for 3U, 6U and 12U sizes.

e Cross Compatible with existing CubeSat standards via tab
attachment.

2. DESCRIPTION

These payloads are fully contained within a Canisterized Satellite
Dispenser (CSD, canister or dispenser) during launch. A CSD
encapsulates the payload during launch and dispenses it on orbit. CSDs
reduce risk to the primary payload and therefore maximize potential
launch opportunity. They also ease restrictions on payload materials and
components. This specification currently encompasses three payload : . : ; ;
sizes, 3U, 6U and 12U, Figure 2-2: Payload sizes (max external dimensions)
The payloads incorporate two tabs running the length of the ejection axis. CONTENTS
The CSD will grip these tabs, providing a secure, modelable, preloaded
junction. This is essential to accurately predict loads on critical
components and instrumentation and prevent jiggling.
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Figure 2-1: Payload deploying from CSD

PLaANETARY
SvysTems
2002367F 6-Aug-2018 @_ CorroraTION www.planetarysys.com 1/23



PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

3. PARAMETERS

Table 3-1: Parameters

3U 6U 12U
Symbol Parameter Conditions Unit [ Min Max | Min Max | Min Max
directional RSS of quasi-static N 3559 3559 3559
TL (1) [Tab Load or 30 random vibration, at - - -
payload tabs [Ib] [800] [800] [800]
) mm -20 20 -40 40 -40 40
CMx |Center of mass, X Stow ed in CSD
in] | 791 | 791 | [-1.57]] [1.57] | [-1.57] | [1.57]
mm 10 70 10 70 55 125
CMv  |Center of mass, Y Stow ed in CSD
in] | [.39] | [2.76] | [.39] | [2.76] | [2.17] | [4.92]
mm | 133 233 133 233 133 233
CMz [Center of mass, Z Stow ed in CSD ]
in] | [5.24] | [9.17] | [5.24] | [9.17] | [5.24] | [9.17]
_ _ o mm 109.70 109.70 222.80
Height |Maximum payload depth, +Y dimension ) - - -
[in] [4.319] [4.319] [8.772]
Width Maximum payload w idth from origin, +X mm 56.55 119.70 119.70
dimension [in] [2.226] [4.713] [4.713]
Tab mm | 112.7 | 113.1 | 239.0 | 239.4 | 239.0 | 239.4
) +X dimension
Width [in] |[4.437]|[4.453] | [9.409] | [9.425] | [9.409] |[9.425]
Tab mm | 361 | 366 | 361 | 366 | 361 | 366
+Z dimension )
Length [in] |[14.21]|[14.41] | [14.21] | [14.41] | [14.21] | [14.41]
P Ejection plate contact zone, +Y dimension mm 100 100 213
¥ |fromorigin [in] [3.94] [3.94] [8.39]
—_— Deployable contact zone with CSD, mm | 914 91.4 204.5
- +X face near +Y face [in] |[3.598] [3.598] [8.051]
DC X2 Deployable contact zone with CSD, mm 20.3 20.3 20.3
- +X face near -Y face [in] [0.799] [0.799] [0.799]
DC +Y Deployable contact zone w ith CSD, mm | 43.85 107.0 107.0
- [+Yface(2) [in] |[1.726] [4.213] [4.213]
e -y Deployable contact zone with CSD, mm | 31.2 94.3 94.3
— |-Y face (2) [in] |[1.228] [3.713] [3.713]
E Force from optional deployment switches, [When contacting CSD ejection N i 50 i 50 i 50
S |summated, Z axis (3) plate. Per CSD ejection Spring. ' ' '
Payload separation from ejection plate . . mm 13 12.7 1.3 12.7 1.3 12.7
Dos  [necessary to change deployment switch |ff switches reside on -Z face. |
state, Z axis [in] | [O5] | [50] | [OS] | [50] | [0S] | [50]
Friction force deployables impart on CSD [summated (all 4 sides), per
Fep . S L . N - 2.0 - 2.0 - 2.0
w alls during ejection CSD ejection spring
TML |Total Mass Loss Per ASTM E 595-77/84/90 % - 1.0 - 1.0 - 1.0
CVCM |Collected Volatile Condensable Material Per ASTM E 595-77/84/90 % - A - A - A
DP  [CSD de-pressurization rate During launch psi's - 1.0 - 1.0 - 1.0
b Location of optional separation electrical mm | 40.67 | 41.17 (103.84 |104.34 ( 103.84 | 104.34
connector, +X dimension [in] |[1.601]|[1.621]|[4.088] |[4.108] | [4.088] | [4.108]

(€0

The total loading at the payload tabs, not the overall mass, is the design driver and limitation for the accompanying dispenser. The load is a

function of the payload’s stiffness, mass distribution, damping and external loading environment. Typically, the maximum loading results from
random vibration or shock and not just the launch vehicle load factors. See Section 10.

)
®
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Some contact zones are not present on the 3U. Refer to Figure 5-2 for locations.
Ensures payload will not gap from CSD ejection plate prior to separating.
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

4. COMMON REQUIREMENTS
1. Tabs

a. Tabs shall be aluminum alloy with yield strength >56ksi. 7075-T7351 is common but numerous other alloys also meet this strength
requirement. See Metallic Materials Properties Development and Standardization (MMPDS, formerly MIL-HDBK-5) for details.

Holes, countersinks, and any protruding features are prohibited anywhere along the Tabs.

Tabs shall be Hard Anodized per MIL-A-8625, Type lll, Class 1. All dimensions apply AFTER hard anodize. Note that anodize thickness refers
to the total thickness. As a guideline, approximately half will penetrate and half will build-up (example .002 thickness = .001 penetration + .001
build-up).

Max surface roughness is N7 (1.6 pm Ra, 63 pin AA).

By default, tabs shall run the entire length of the payload. However, discontinuities or gaps are allowed per Section 7. When stowed in the
CSD no portion of the payload may extend beyond the tabs in the +Z direction.

2. Dimensions and tolerances in Figure 5-2 shall be maintained under all temperatures. Consider deformation and warping if structure is not
aluminum.

3. The structure comprising the —Z face (face that contacts CSD ejection plate) may be a uniform surface or consist of discrete contact points. The
discrete contact points shall be located such that they envelope the payload’s C.M. and any deployment switches.

4. Contact the launch service provider to determine if payload inhibits (deployment switches) are required. If required, locating on the —Z face such
that they contact the CSD'’s ejection plate is recommended. The deployable contact areas may also be used but consider the effect of tolerance
build-up in the dispenser. See Figure 5-2 and Section 12. Also consider using the optional Separation Electrical Connector (ref. 3) as a loopback.

Safe/Arm plug, if necessary, shall reside in specified zone on +Z (preferred), +X, or -X face.
Deployables shall be verified with the CSD prior to flight.

If electrical grounding to the CSD is desired, the Separation Electrical Connector (in-flight disconnect) must be used. See ref. 3.

© N o o

The two tabs and the structure that contacts the CSD ejection plate on the —Z face are the only required features of the payload. The rest of the
payload may be any shape that fits within the max dynamic envelope.

9. The maximum dimensions stated in this document are the payload’s dynamic envelope and shall include all load cases (vibration, thermal,
acoustic, etc.).

10. No debris shall be generated that will inhibit separation.

5. DIMENSIONS

-CSD contact zones
(to restrain deployables)

Sy

ce
: right side
(rig ) -X Face

Side access zones (Ieft Side)

remain accessible after
installation in CSD. Tab, 2x

\
2 Ant access zone

accessible through
CSD door after closure.

~CSD ejection plate Locate safe/arm plug.

contacts this face.
Figure 5-1: Payload features (6U shown)
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

i e 5 £ g 10.0[3%4] min _|
-E ,E, f. .E - - (27U: 12.0 [.472) min)
[ 'y L]
Y 5 & 3 2 P 3.05[.120
: i} 2, &2 [t} = 295|116 —u 1.01[.040
/]\ flat o - ) @ =) M R B3 [.025
o ; e % ﬁ ﬁ 5 (tab thickness) (5)
i T T 27101
SR oa[ nog] 5.6[.22] min
~83.8[3.30] max
— R1.3[.05]
8. 0[31] min M max

26.2[1.03] min

" :r.. :DJ R.8[031]
max
\_Ri.a[ns]
DC_x2

DETAIL Tab, 2X

Access zone dimensions Ejection >
also apply to +X face.

=
3)

Ejection Plate
Contact Zone (2)

2X Tab Leng

(rest of payload may be smaller (1) |/—4x R 5[95] Tab, 2X
/é; e
_ H +Z

° j . _[r 5[30]
rora 6.5].256] max—e=] l—-—
piate) [:25€] Face
69.9[2.75] max | Width
Tab Width ) )
- 14.0|.55 -t
H [TT2501]A]E] DC_-Y [.55] min—
i -Z 2 34.3[1.38)
Y N — max
é o Face %Z ~
Tab Width/2 Dc _'Y = [.23] Width
to origin o )
r26.8[1.08]
L] e
= 2 H .
| —
—=] [=-137[54] \l/ This contact zone Height (1)
59.9[2.36) |—£—| not present on 3U. \ | :+X =

+X

1) All exterior dimensions are the
maximum dynamic envelope. Payload
may be any shape that fits within

allewable volume shown considering all
9 Third Angle Projection

dynamic deflections.
|
2) CSD ejection plate contacts this face.
Payload need only contact in at least
three locations that surround CM and
optional deployment switches. Each X I
contact shall have a minimum area of /I\ Dimensions in mm [in]

0.826 mm*2. Rest of Payload may be

recessed. Interpret per ASME Y14.5-2009

The circular areas correspond to holes in
the CSD ejection plate (6U and 12U only).
Be cognizant of this when locating
switches.

3) Tolerance applies only to features
contacting ejection plate, not the entire
face.

4) Tabs shall be continuous between
M&M. See Detail Tab.

5) Radius may wrap around edge. See
Detail Tab.

5.35[.25]

This contact zone
Deployables shall not—=] j=—
contact CSD here not present on 3U.

Figure 5-2: Payload dimensions
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

6. ELECTRICAL SCHEMATIC
Payload: Installed in CSD Payload: Dispensed

I
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1
|

~.

I
Optional
Deployment (Inhibit)

A
—>
A

1
I -
1 I 1
1 I 1
1 I 1
I : b 1
. |
Switches : Payload N | | ’ Payload 1
1 \I Circuit Arm Connector 1 '[ Circuit 1
1 o (installed after 1 iy I
1 : I\ 1 1 CSD door 1 : ] 1
1 | 1 I closed) 1 e 1
| I T ] | | | 1
1 I 1 | | | |
| | 1 | 1 | |
1 . | I 1 . |
L Upper U
1ower @ p[:jI . I 1 Payload Lower I O pF‘JIEF I
Optional | ! T fe— !
i L Separation ! ! 4 = — L !
— m— Electrical ! : — ! | — !
_ —c— _ Connector : 1 - _'—', : —._— - :
15 ———15 —e(3) | 1 15— —15 e (3) 1
1 1 1 1 1
oy Temcssern 3o o TNemcesketa |
| e e e e e e e e e e e ——— - | |

Figure 6-1: Electrical schematic

1) The metal shell conducts to the CSD via conductive surface treatments.

2) Required to assure electrical continuity between shells. Retained by Upper.

3) The metal shell conducts to the Payload via conductive surface treatments.

4) The Separation Electrical Connector is an in-flight disconnect (IFD). It is a custom connector provided by PSC that has significant space-
flight heritage. It can be used to transmit power or telemetry. The launch vehicle side of the connector must be removed from the CSD prior
to the initial payload installation. It may be re-attached to the CSD after payload installation and door closure. This ensures proper alignment
of the connector halves.

The Separation Connector can also be wired as a loopback to indicate separation or in-lieu of the optional payload inhibit switches. This is more

mass and volume efficient than employing three discrete limit switches. If doing so, it is recommended to use three loop-back circuits, all of which
must go open. This is due to the potential intermittencies in the pins at high shock and vibration levels. See Figure 6-2.

Stowed Separated
Upper Connector

J I ,~~ (on payload)
‘ﬁ%ﬁ W
Juum

0]

15}

"\\ Lower Connector
(on CSD to
launch vehicle)

Figure 6-2: Separation Connector loop-back wiring
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

Payload portion of
Separation Electrical Connector.
PSC PN 4000107 Upper
Separation Connector.

Dimensions referenced from payload origin.

w Dimensions apply to all sizes (3U shown). Ly
Dimensions in mm [in]. /y\
26.49
[ [[1.043]]
-X Face +Z
Face
j |
—>+7 o >x
212125 to mounting surface
|<7 —»| Dx | 24.09+25
_" [835£.010] “ Tse9:010]
Figure 6-3: Location of optional separation electrical connector

For more information on the Separation Electrical Connector see PSC document 2001025 Separation Connector Data Sheet (ref. 3). Also see section
16.

!
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

7. TAB GAPS
A payload may have gaps in the tabs as defined in Figure 7-1. Break or fillet to remove all sharp edges at the gaps.
It is important to note that the allowable payload response, parameter TL in Table 3-1, must decrease as a percentage of the tab length removed.

Reducing the payload mass or using an isolation system may be necessary depending on the severity of the launch environment. Consider this when
electing to utilize gaps.

+Y

+Z
17.8[.70] min—== 25 4[1.00] max length of each gap
(start of . i
gaps) 50.8[2.00] min length between gaps finches]
- 340 4[13 40 max {end of gaps) -]

Figure 7-1: Tab gap requirements

8. DISCRETE PAYLOADS

Multi-piece payloads are allowed provided they meet the following requirements.

1) Total length of all pieces: must comply with ‘Tab Length’ in Section 3.

2)  Minimum allowable tab length of a single piece: 50 mm [2.0 in].

3) Tab thickness of the extreme fore and aft pieces: equal to or greater than the adjoining piece.
4)  All tab gaps shall comply with Section 7.

k—ﬂ»S0.0 [1 .97] min length of any piece

[TabA>=TabB Tab E>=Tab D j

- Total Tab Length o=
Figure 8-1: Multi-piece payload
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

9. BENEFIT OF TABS

Preloading the payload to the CSD by virtue of clamping the tabs creates a stiff invariant load path. This allows for accurate dynamic modeling to predict
responses in anticipation of vibratory testing and space flight. Confidently predicting response is critical for aerospace structures and sensitive
components. A payload that can move inside its dispenser is unmodelable and therefore the loading of sensitive components can not be predicted.

éCSDS

-==1\

- L

y )

Ls—"
Payload may vibrate in canister because of Tabs guarantee an invariant load path, allowing
small gap (~0.5 mm) between rails and CSD useful predictions of dynamic response.

walls.
Figure 9-1: Tabs vs. rails

The CSD applies a preload to the tabs to hold
the payload. This allows a stiff, non-jiggling

(modelable) load path from the launch vehicle ;%bessirfe gn'::(’;h
interface to the payload. payoad:

First mode of payload is 1,155 Hz First mode of CSD and payload is 508 Hz

Figure 9-2: Prediction of 6U dynamic response Figure 9-3: Prediction of 3U dynamic response
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

10. PREDICTING DESIGN LIMIT LOADS

The maximum structural loading typically results from the dynamic response during random vibration testing and/or shock testing. These loads are
dependent on the mass, stiffness, and damping properties unigue to each payload. The method below provides a rudimentary means of predicting these
loads.

1) Create a simplified model of the payload consisting of the primary structure and significant components for a Normal Modes Analysis from 20-
2,000Hz.

Create a Simplified FEM of the Payload Setup the Boundary Conditionsto the CSD

To simulate the payload

restraint, fix a line down the
middle of the +Y side of both tabs.

=%

~3 mm
[0.12in]

Perform Normal Modes Analysis

2) Identify the dominant resonant frequencies and mode shapes for each orthogonal direction (X, Y, Z). These modes can be identified as
having the highest percentage of Modal Effective Mass relative to all modes modeled within the frequency bandwidth stated above.

Percentage of Total Modal Effective Mass per Mode

100.0%

90.0%
Mode 2 (320Hz)

80.0% /
T00% mX-Direction [

Mode 1 (213Hz) Mode 6 (461Hz)

60.0% y-Direction

mZ-Direction

50.0%

'
400%
30.0%
200% I
100% 1 I
1 2 3 4 5 i}

3) The response for a random vibration profile can be predicted by using the Miles Relation shown below:

»

Random Vibration Profile

grms = /0.5 x 7w+ f, x Q x ASD '
Oms [g] = 10 acceleration response
fn [Hz] = natural frequency (frequency of selected mode)
1
Q1= 2— = quality factor (use 10 as an estimate if unsure)
*
C [-] = critical dampening

ASD [g%Hz] = input acceleration spectral density
at the desired frequency f,

ASD [gh2/Hz)

o1 Peak payload response may not
necessarily occur at mode
peaks due to the shape of the

ASD profile.

Assume the peak response is 30 = 3*Qrms
Profile shown is for example only

20 200 2,000
Frequency [Hz]
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

Payload design is almost always an iterative process as shown in Figure 10-1. Although small, these payloads are just as complicated as larger
satellites. Therefore, the same process of coupled loads analysis and confidently predicted flight loads, stresses and strains is essential.

. . . . . Yes.

No

Figure 10-1: Payload dynamic response design process

All payloads behave uniquely. The figure below shows two payload mockups of the same mass with very different responses. The mockup on the left
has numerous discrete masses and bolted joints. There are many modes and the damping is typical of many payloads. The mockup on the right consists
of a few very stiff aluminum plates. There is one very dominate mode over a wide frequency range and with great amplification that results in significant
loading. While heavy and simpler structures are often easier to design and manufacture, they often do not create an optimal load environment for the
payload’s components because they over simplify and under damp.

Less
Payload
(green profile)

Extremely Stiff NN
Payload
(red profile)

|
0 \ =3.8/0.1= 38
: ML EEE| \ | z=0013
T 720025 Al | {1
ElRdhd \ ] |\ |

c} | \ )
§ h::ﬂ }
S 01 }
2 Y
2

! |
001 - v
| -
| 1A H
| |
|
0.001 -+
20 200 2,000
Frequency [Hz]
Figure 10-2: Comparison of payload responses

The response of the payload will significantly affect the loading on critical parts like reaction wheel bearings, complex mechanisms, electronic
components and optics. Ensuring a consistent load path from the launch vehicle to the payload (i.e. preloading) is the only way to accurately predict the
loading from thermal, vibration and shock.
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

11. TAB MANUFACTURING

Designing and manufacturing tabs that meet the requirements of this document are critical for successful integration and deployment of a payload. As
the interface to the CSD, the tabs shall be designed, dimensioned, manufactured, and inspected with care.

Example Production Drawing
The figure below shows an example production drawing of a plate with tabs. Some of the tolerances are tighter than this specification requires,
ensuring compliance after assembly of the entire payload structure.

NOTES
1. Material: Al-Aly 7075-T7351 plate per AMS 4078.

2. Surface Treatment: Hard Anodize per MIL-A-8625, Type lll, Class 1
(a) allowable thickness .001 min to .002 max (ex: .002 thickness = .001 buildup +
.001 penetration). Machinist shall coordinate with plater as actual thickness may
need to be more precise since all dimensions apply after surface treatment.
(b) Do not use Tabs for electrical contact.
3. Cleanliness: Part shall be delivered visibly clean, to the normal unaided eye, of all
particulate matter and non-particulate film matter.

Unless Otherwise Specified

1. All dimensions are in inches Tolerances N7/ Max surface

e s potmens X530 oTon e
. Dimensions app surface ments . 3
4. Remove all bumrs and sharp edges, R0.01 max 01 D

t
5. Intemal sharp edges may have R0.01 max . 53 |2 010[a]B][C]
' Hole diameters +.003

Third Angle -
Projection @E_—___%

5

I+

> 5
I+

R003 R 028
(Tab, 2X
DETAIL Tab, 2X

2 surfaces

[/ 005 }=t-={/ 7] .005]

Figure 11-1: An example tab plate production drawing
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

The tabs do not have to be on a discrete plate. They can be bolt-on features or machined into a more intricate structure. Individual bolt-on tabs are

beneficial as they can be easily replaced if damaged or manufactured improperly.

NOTES

1. Material: Al-Aly 7075-T7351 Plate per AMS 4078.

2. Tolerances apply with part restrained by compressing with up to 10 Ibf.
Part Marking: Engrave Part Number, Revision and PO on noted face.

.05-.07 tall X .01-.03 deep.

5. Internal sharp edges may have R.01 max XX .01
6.Thread depths are a minimum
7.Inspect all numbered dimensions.

Unless Otherwise Specified
N6/ Max surface
1. All dimensions are in inches Tolerances roughness
2.Interpret per ASME Y 14.5-2009
3.Dimensions apply AFTER all surface treatments  -XXXX +.001 o0sAlB]C Third Angle
4.Remove all burrs and sharp edges, R.01 max XXX £.005 : Projecti

l¢ .ODGIA B|C
X +03 o

X %2 Hole diameters +.003

Surface Treatment: Hard Anodize per MIL-A-8625, Type lll, Class 1

(a) allowable thickness .001 min to .002 max (approximately half the thickness will
penetrate the base material and the other half will build-up). Machinist shall coordinate
with plater as actual thickness will need to be more precise since all dimensions apply

after surface treatment.
(b) Threads and countersunk holes may be masked as desired.
(c) Electrical contact may be on any surfaces except precision tabs.

5. Cleanliness: Part shall be delivered visibly clean, to the normal unaided eye, of all

particulate matter and non-particulate film matter.

/7] .002]A]

R.032

19
[ 17
RO10 ' 14.300 |

14X @ THRU
6-32 UNC THRU

Figure 11-2: Example bolt-on tab drawing

F b Surfaces from E-F shall
be continuous hard anodize
DETAIL A
SCALE2:1
2002367F 6-Aug-2018 a
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

Inspection
Measure the tab thickness using a micrometer as follows. A digital
caliper lacks the required accuracy.

Figure 11-3: Measuring tab thickness with micrometer

1) Select a micrometer with an accuracy and resolution of .00005
inches (.001 mm).

2) Ensure micrometer surfaces and tabs are clean.

3) Use agauge block to verify micrometer accuracy and operator
technique.

4)  Mark increments at every inch along tab length.

5) Take minimum three measurements at each location to ensure
repeatability.

6) Record and plot measurements.

7)  All measurements shall be within tolerance. The figure below
shows an example of tabs that are NOT acceptable.

0.1200

0.1190

=}
et
sy
8

Acceptable

0.1170

Tab Thickness [in]

=}
it
oy
3

0.1150

0.1140

1.2 3 4 5 6 7 8 9 10 1 12 13
Distance from +Z Face [in]

| ——-XTab ——+XTab |
Figure 11-4: Tab thickness measurement

2002367F 6-Aug-2018 a

Also verify the following critical aspects of the tabs.

1) All Tab edge fillets are in tolerance. See Detail Tab in Figure 5-2.

2) Hard anodize is continuous along entire tab surface (top, bottom
and sides). Location defined as between M-N in Detail Tab in
Figure 5-2.

After the payload structure is assembled the tabs shall remain flat per
Figure 5-2. Place the payload on a verified flat surface (granite surface
plates are ideal). A .010 inch thick feeler (thickness) gauge or diameter
.010 gauge pin (plug gauge) shall not fit under any portion of the tab.
See Figure 11-5 and Figure 11-6.

+

Flat Flexible Tabs Warped Tabs

Figure 11-5: Example of structure warping tabs

Figure 11-6: Verifying assembled flatness

14
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

The following figure is a worksheet that should be used when inspecting Tabs. Fill in the worksheet and verify that the measured values meet all the
requirements defined within this document. The flatness and perpendicularity measurements shall be taken after the entire payload structure is
assembled. It is still prudent to ensure the entire payload complies with this specification in addition to the tabs. See Sections 3, 4 and 5 for
requirements.

Item Value

Tab material

Tab anodize type and
class
Tab (datum A) flatness
[mm orin]

-Z face perpendicularity
to datum A[mm orin]

Width

Location Value [mm or in]

Back (near -Z side)

Middle

Front (near +Z side)

Length

Location Value [mm or in]

Left (near -X side)

Middle

Right (near +X'side)

Thickness Radius of Edge Fllets
Distance from -Z face [mm or in] [mm or in]
[mm (in)]

-X Side +X Side -Y Side +Y Side

13 (0.5)

25 (1)

51 (2)

76 (3)

102 (4)

127 (5)

152 (6)

178 (7)

203 (8)

229 (9)

254 (10)

279 (11)

305 (12)

330 (13)

356 (14)

Figure 11-7: Tab inspection worksheet
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

12. CSD CONSTRAINED DEPLOYABLES

The payload may use the CSD to constrain deployables in designated areas as defined in sections 3, 4 and 5. At these designated contact zones the
CSD interior surface shall be nominally 1.3mm [.05 in] from the maximum allowable dynamic envelope of the payload defined as ‘Width’ and ‘Height'.
Only the portion of the payload directly contacting the CSD Walls (bearing, etc.) may exceed the payload dynamic envelope in Section 5. Ensure all
other areas of the deployable remain within the dynamic envelope.

J

Roller bearings on
payload deployables
contact CSD walls.

>1.3 mm [0.05 in] A /

csDwall 7

Figure 12-1: Deployable contact with CSD

Deployable Design Notes:

1) Ensure sufficient CSD contact spacing and panel stiffness to prevent the panel from rubbing on the dispenser as the payload ejects.

2) Deployables should have features to react shear loading at end opposite hinge. This prevents excessive loading on the hinge and deflection at the
end of the deployable during launch.

3) The deployable panels shall be sufficiently preloaded against the payload structure to minimize rattling during launch. This can be accomplished by
incorporating a leaf spring, spring plunger, etc.

4) Consider potential disturbance torques from the deployable adjacent the CSD door remaining in contact after the payload has ejected the CSD.

5) Account for tolerance build-up in the deployable preload system. By necessity, the dispenser width will be greater than the payload’s tab width.
During payload installation there could be up to .5 mm [.020 in] of play relative to nominal in the +X or —X positioning of the payload. Therefore the
+X or —X contact walls of the dispenser may be .8 to 1.8 mm [.03 to .07 in] from the payload’s nominal max dynamic envelope. These values are
estimates. Refer to the dispenser manufacturer for specific values.

Roller bearings on the
ends of the deployables.

Figure 12-2: Payload dispensing from CSD

PLaANETARY
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

13. PAYLOAD VOLUME

The allowable volume of the payloads is larger than existing CubeSats.

fegg —

[14.41]

B —

366.0 3U payload per 2002367

3405 Standard 3U CubeSat
[13.41]

15.1
[1322] ﬂ [.59]

1130  116.2
[4.45] [4.57]

SR

1
T

Figure 13-1: Comparison of 3U payload volumes. This specification allows 15% more volume.

| 366.0 |
[14.41]

=

DETAIL A
SCALE 1:1

106.4
19]
AMES

Figure 13-2: Comparison of 6U payload volumes. This specification allows 9% more volume.
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DETAIL B
SCALE1 1
239.4
202.1 AMES
[7.96]
214.0
I [8.43] I
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

14. PAYLOAD DESIGN

Design of a payload’s structure is a complicated and iterative process when done properly. PSC spent numerous iterations obtaining an effective
structure to use as a payload simulator for GSE testing. Over the course of these iterations, several optimal features were converged upon.
e Discrete bolt-on tabs. This allows inexpensive and rapid replacement due to damage, improper tolerances, improper manufacturing, etc.
. Numerous bolted joints to increase damping and reduce shock transmissibility.
e Easy access to mechanically attach and remove the Separation Connector after the harness is attached.
e A parametric structure that enables movement and replacement of components. Both in the cases of optimizing dynamic response locations
and changes to mission hardware.
 High damping materials to isolate sensitive components from the structure. For example, using Viton washers between the structure and
electronic boards.
. Precision control of flatness for structures adjoining the tabs.

Despite the numerous components and tight tolerances, the payload assemblies shown below were inexpensive to manufacture. The individual parts
were simple compared to a structure comprised of just a few intricately machined components.

Bolt-On Tabs

Figure 14-1: Example 6U GSE payloads

Easily accessible
Separation Connector

Figure 14-2: Example 3U and 12U GSE payloads

PLaANETARY
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

15. TYPICAL APPLICATIONS

The payload need not occupy the entire volume provided the tabs are
present.

s Payload need not occupy
entire dynamic envelope.

Full length tabs
ensure proper

Figure 15-5: 6 X 1U bus

Figure 15-2: POPACS, a multi-piece 3U payload

A 6U payload has
a 175 Watt
deployed solar
panel.

2275 mm
[89.61in]

PocketQub \

D 9 R
m N B | L—
o Figure 15-6: Solar array potential

Encapsulating
structures with
tabs

Figure 15-3: Encapsulating PocketQubs in a tabbed structure

PLaANETARY
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

Figure 15-7 and Figure 15-8 below show sophisticated 6U spacecraft from several manufacturers. In 2016 these designs represent state of the art.

Figure 15-7: Pumpkin Inc.'s 6U SUPERNOVA bus

Pointing: 2X star trackers

+ Pointing Accuracy: 4 arc-sec, 16 cross-boresight

+ Solar Array: 100W peak power, BOL

+ Battery: 8.4 A*Hr

» Reaction Wheels: momentum 100 mN*m*s,
torque 7mN*m

+ Comm: >5Mbits/s downlink

Figure 15-8: Blue Canyon Technologies’ 6U payload bus

PLaANETARY
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

An existing CubeSat with 4 corner rails can easily comply with this specification by fastening on custom tabs. Note the residual stresses from many
press-fit nuts may tend to warp thin panels. Ensure the structure is sufficiently stiff to maintain tab flatness after assembly.

Existing 3U CubeSat
with corner rails

3U CubeSat with bolt-on tabs fits
within allowable pavload volume.

Press-in

Flat Head
Screw

Figure 15-9: 3U CubeSat tab conversion

Tab Gaps

>
Figure 15-10: 6U payload with non-continuous tabs (large middle gap requires a custom dispenser)

PLANETARY
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

MMA Hawk
Sun Sensor  ggjar Panel Gimbal

X-Band Transceiver

Telemetry
PC-104 Stack

Busek uPPT
Thruster Unit
Clyde Space
Battery Board Stack
X-Band X-Band
Patch Antenna Patch Antenna
BCT XAC

LWaDi Instrument
Figure 15-11: Lunar Water Distribution (LWADI), a 6U interplanetary spacecraft. Ref. 6.

Hard points contact
CSD ejection plate and
encompass deployment switches

Separation / o
electrical
connector

Recessed solar cells

Figure 15-12: Example of -Z face that contacts dispenser ejection plate
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PAYLOAD SPECIFICATION FOR 3U, 6U AND 12U

16. SEPARATION ELECTRICAL CONNECTOR
ATTACHMENT

The figures below show a means of mounting the Separation Electrical
Connector. It only need be mounted via the flat face that contains the
two 4-40 UNC screws. Additional support around the side of the
connector shell is unnecessary. An open cutout in the mounting bracket
is beneficial as it allows the connector to be removed after the harness
is wired.

Separation
Connector

Figure 16-1: Separation Connector on payload

Figure 16-2: Separation Connector mounting example

2002367F 6-Aug-2018
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17. RECOMMENDED TEST AND INTEGRATION
Test levels are for launch environment, not necessarily on-orbit.
| Payload (PL) | | Canister (CSD) |

Fit Check
Install PL in CSD (integrated)

\'4

Thermal Vacuum
Test IAW MIL-STD-1540E
(Aerospace Corp. Report TR-2004(8583)-1Rev A)
Section6.3.9.
Perform separation and first motion test under vacuum.

v

X, Y, Z Random Vibe
Test IAW GSFC-STD-7000, NASA GEVS, Tables 2.4-3and 2.4-4.
Qualification: 3 min/axis
Acceptance: 1 min/axis
Configuration: integrated

A4
Initiate Separation and Inspect | Fail -
Payload and CSD Investigate
Success
A4

Integrate to Launch
Vehicle and Operate CSD
to Verify Initial Payload
Separation

Be cognizant that vibration testing with the flight CSD will consume test
life margin. See the CSD’s qualification test campaign to determine
remaining life and margin. An alternative is to test with an EDU CSD
and then verify operation with the flight CSD prior to integration.

18. TIPS AND CONSIDERATIONS

1. Electrical Wiring: Include the electrical harness in the CAD model.
Ensure there are sufficient routing options, strain relief and
clearances. Also, the harness can consume a significant portion
of the allowable payload mass.

2. Installation in CSD: The payload may end up being installed
vertically in the CSD (gravity in —Z). Add a removable handle on
the +Z face to aide installation.

3. CSD Ejection: When possible, verify complete ejection of the
payload from the CSD during testing.

19. CAD MODELS

Solid models of the payloads at their maximum dynamic envelope are
available for download at www.planetarysys.com. The payload may be
inside a simplified model of the CSD. Reminder that PSC does not
design or manufacture payloads, structures or buses.

20. ADDITIONAL INFORMATION

Verify this is the latest revision of the specification by visiting
www.planetarysys.com.

Please contact info@planetarysystemscorp.com with questions or
comments. Feedback is welcome to realize the full potential of this
technology.

www.planetarysys.com 22123
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

3U, 6U and 12U CSDs. 6U shown with access panels removed. Dimensions in inches [mm].

Feature

Benefit

Preloaded Payload Tabs

Preload means the payload can’t jiggle and damage itself. Creates a modelable load path to the payload so
strength at critical locations like reaction wheel bearings can be accurately calculated.

Low Tip-Off

Payloads stabilize rapidly. Precision tabs, roller bearings and a linear way combine to minimize disturbance
torques.

Six Mountable Sides

Greatly reduces the cost, complexity and mass of adjoining structures and interface plates to the launch
vehicle.

Motor Driven Initiator

Creates the lowest cost, most reliable dispensing mechanism that resets in seconds without consumables.

Robust Structural Design

Withstands extreme shock, vibration and thermal environments.

Payload Electrical Connector

Allows communication and charging between payload and launch vehicle prior to and during launch.

Conductive External Surfaces

Prevents surface charging.

CSD-Constrained Deployables

Greatly reduces the cost and complexity of payload deployables like solar panels and antennas by using the
CSD'’s internal walls to constrain instead of burn wires.

Complete Payload Separation

Demonstrates whole system reliability during testing.

Manual Door Release

Allows the CSD to be operated without electrical interface.

P-Pod Compatible Mounting
Interface

Ensures compatibility with existing structures.

Full Length, Constant-Force
Ejection Spring

Ensures positive, constant force margin throughout ejection.

Lowest External Volume

Increases packaging density on launch vehicle.

Largest Internal Volume

Payloads have 15% more volume and can be 1 inch longer than standard CubeSats.

Safe/Arm Access on Front Door

Ensures access to payload at all times.

Flight Validated

Attained TRL 9 with flight heritage in 2013.

Reverse Polarity Protection

Ensures deployment even if electrical polarity is reversed.

State Switches

Indicate door state, payload occupancy and dispensing velocity.

Electrically Redundant

Two independent circuits and a triple redundant commutator ensure deployment.

Fully Documented

Mechanical and electrical interfaces and CAD models available for download allowing rapid and low-cost
design.

Parametric Design

Commonality allows users easy understanding of electro-mechanical interface for 3U, 6U and 12U sizes.

Lowest Cost

Reduced mission cost through simplified design, test and integration.

Payload Compatibility: The CSD is compatible with payloads that meet current payload specification 2002367 Rev F (ref. 3) and the prior revisions

2002367 Rev C, D & E.

CSD Compatibility: CSD’s built to this rev F Data Sheet also comply with the Rev E Data Sheet and vice versa.

U.S. Patent 9,415,883 B2

2002337F

3-Aug-2018
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

1. FLIGHT HERITAGE

The CSD is at Technology Readiness Level (TRL) 9. A 3U CSD flew aboard the inaugural Falcon 9 v1.1 flight on September 2013 and released the
7-piece POPACS payload in orbit. See ref. 6. Also see www.planetarysys.com for up to date flight heritage.

POPACS Sphere

N/

Figure 1-2: POPACS satellite and on-orbit image

Image courtesy of Tyler Allred
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

2. DESCRIPTION

The Canisterized Satellite Dispenser (CSD) is a reliable, testable, and cost-effective deployment mechanism for small secondary or tertiary
payloads. It fully encapsulates the payload during launch and thus provides mission assurance for both the primary payload and launch vehicle (LV).
All material in the primary load path are MSFC-STD-3029 Table | for stress corrosion cracking. All external surfaces are electrically conductive
chem-film or nickel-plated aluminum alloy. The CSD is not ESD sensitive. This data sheet encompasses 3U, 6U and 12U CSDs.

The CSD is easy to use and operate. The act of closing its door automatically preloads the payload tabs. There are no pyrotechnics. The door
initiator is a DC brush motor with substantial flight heritage. The initiator is open-loop, meaning that no feedback is required. The CSD can be cycled
in a matter of seconds without consumables. The motor, an excellent torque transducer, provides invaluable feedback to the health of the
mechanism by monitoring voltage and current during each operation.

The CSD has unique features that allow mounting to any face. This reduces the necessity for heavy interface structures and allows the CSDs to be
densely packaged on the launch vehicle. It also contains an optional Separation Electrical Connector to the payload.

Customer supplied wiring harness

Channel for wiring harness. with DB-9 pin connector (LV side)

Through holes to mount

CSD back plate to launch

vehicle ortie down wiring
harness.

Optional 15-pin separation
electrical connector for trickle
charging payload, remote
arming, telemetry while on
launch vehicle or operating non-
dispensing payload.

DB-9 socket connector (CSD side) to
initiate door opening, indicate door
open, indicate payload occupancy.

Threaded and through holes to mount
CSD to launch vehicle on any side. May
also be used to mount auxiliary
/ components (isolation systems, thermal
blankets, cameras, redundant door
restraint). CSDs can even be fastened to
' other CSDs.

Manual door release.

Automatically re-setting
latch holds door closed
and releases door.

Threaded
holes to
mount CSD
via front face.

Ejector plate pushes
+/ Face payload out.

(Front, Door) .
Side access panel to

safe/arm payload.
(Also on +X face.)

Access panel on door

Limit switches (not
to safe/arm payload.

visible) indicate door
open and payload
occupancy.

Door
(fully open)

Figure 2-1: CSD features (6U shown)

PLANETARY
Svystems
2002337F 3-Aug-2018 a CorroraTION www.planetarysys.com 4/64



CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

3. BENEFITS OF PRELOADED TABS

Preloading the payload to the CSD by virtue of clamping the tabs creates a stiff invariant load path. This allows for accurate dynamic modeling to
predict responses in anticipation of vibratory testing and space flight.

Figure 3-1: 6U payload predicted dynamic response

Other Designs CSD

Payload with Tabs

V| W
La——" \
Payload may vibrate because of small Tabs guarantee an invariant load path,
gap between rails and dispenser. allowing useful predictions of dynamic
response.

Figure 3-2: Bengefit of tabs vs. rails
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

The CSD applies a preload to the tabs to hold
the payload. This allows a stiff, non-jiggling
(modelable) load path from the launch vehicle
interface to the payload.

Tabs are on both
sides of payload.

Figure 3-3: Preloaded tabs of a 3U payload (ref. 2)

Figure 3-4: Prediction of 3U dynamic response
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

Preloaded tabs allow for accurate dynamic modeling that can be used to predict fatigue of structures, mechanisms, electronics, PCBs, solder
junctions, etc.

Model CubeSat
FEM

Figure 3-5: Satellite model and FEM

Batteries (329Hz) PCB Stack (1,295Hz) PCB Stack (1,297Hz)

' & & 4

Figure 3-6: Normal modes analysis of satellite elements

Base Standoffs

Outer Standoff

_ Inner Standoff
Min

Figure 3-7: Identifying components with high strain
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

The CSD’s unique ability to preload tabs attached to the payload guarantees a stiff, invariant load path from launch vehicle to payload. In the sine
burst profile below, the input to the CSD is transferred through the tabs to the payload, verifying that there is no slipping or jiggling within the system.

35

GU 339 Sille Burst
25 n

ﬂ = = «R5X, CSD Base
— R6X, Payload
20

15
10 -
-10
-15
-20

-35
0.30 035 040 045 0.50 055 0.60 0865 070 0.75
Frequency [Hz]

Figure 3-8: Actual payload and CSD response during a sine burst test

w

Acceleration [g]
o

o

Preloaded tabs allow designers to accurately model and predict their payload response with high confidence. The sine sweep profiles below
demonstrate no change in load path (slipping) from the CSD to the payload after sine burst and random vibration exposure.

W

1000

6U Payload Sine Survey X-axis

Acceleration [g]
e
s

001 +

100
Frequency [Hz]
——Pre-Test Survey ——Post 14.1grms Random Survey —— Post 33g Sine Burst Survey

Figure 3-9: Actual payload sine sweeps
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

4. PARAMETERS
Table 4-1: Parameters

Doc. 3U 6U 12U
Sec. |Symbol Parameter Conditions Units [ Min | Max Min | Max Min [ Max
b 7.33 9.93 12.46
- M M 1 Empty. £3%
ass (1) mpty. =3% [kg] [3.37] [4.50] [5.65]
. . in 6.187 6.207 6.187 6.207 10.640 | 10.660
Heigh Height, +Y
5 elght elght, + mm] | [(157.15] | [157.66] | [157.15] | [157.66] | [270.26] | [270.76]
. . in 5.285 5.305 10.355 | 10.375 10.355 | 10.375
5 Width Width, X
: ' [mm] | [134.24] | [134.75] | [263.02] | [263.53] | [263.02] | [263.53]
Door closed, ejection plate position as if payload in -.23 17 -.23 17 -.23 17
M f M +X
5 | Me Center of Mass, installed mm] | 58 | 43 | 158 | a3 | 58 | 43
Door closed, ejection plate position as if payload in 2.34 2.74 2.4 2.8 4.33 4.73
5 CM Center of Mass, =Y .
ve enter of Mass installed mm] | [59.4] | 1e9.6] | 6100 | 711y | ru10.0 | [120.
Door closed, ejection plate position as if payload in 7.59 7.99 7.43 7.83 7.28 7.68
+
5 | Mec Center of Mass, +Z installed imm] | [192.8] | [202.9] | [288.7] | [198.9] | [184.9] | [195.3]
. in -.23 17 -.23 17 -.23 17
5 CM Center of Mass, +X D X load ted
X0 enter of Mass oor open, payload ejectel (mm] [5.8] (4.3] [5.8] (4.3] [5.8] (4.3]
. in 2.22 2.62 2.24 2.64 3.95 4.35
+
5 CMyo Center of Mass, =Y Door open, payload ejected (mm] (56.4] [66.5] (56.9] (67.1] (100.3] | [110.5]
. in 8.12 8.52 8.17 8.57 8.46 8.86
5 CM Center of Mass, *Z D X load ted
20 enter of Mass oor open, payload ejecte mm] | [206.2] | [216.4] | [207.5] | [217.7] | [214.9] | [225.0]
. . About CM, d losed, ejecti lat iti *in? 230 254 327 362 548 605
5 MOlxc X-Axis Mass Moment of Inertia ou oor close e!ec lon plate position il >
as if payload installed [kg*rm“] | [.067] [.074] [.096] [.106] [.161] [.177]
. . About CM, d losed, ejecti lat iti *in? 221 244 410 453 530 585
5 MOlyc Y-Axis Mass Moment of Inertia ou oor. close e!ec lon plate position Ibin 2
as if payload installed kg'm?| [.065] | [.071] | [120] | [133] | [.155] | [.171]
— — —
5 MOlc Z-Axis Mass Moment of Inertia About CM, doorl closed, e!ect|on plate position | Ib*in 61 67 179 198 352 389
as if payload installed [kg*m?] | [.018] [.020] [.052] [.058] [.103] [.114]
*in? 237 261 4 42 7
5 MOlxo X-Axis Mass Moment of Inertia About CM, door open, payload ejected lb%in 5 3 6 348 385 6 09
[kg*m?]| [.069] | [.077] | [102] | [.113] | [.188] | [.208]
*in? 22 252 42 47 2
5 MOlyo Y-Axis Mass Moment of Inertia About CM, door open, payload ejected Ib*in ) 8 S o 5 623 688
[kg*rm? | [.067] [.074] [.126] [.139] [.182] [.202]
. . . *in? 59 65 176 195 353 390
5 MOlzo Z-Axis Mass Moment of Inertia About CM, door open, payload ejected Ib%in ’
[kgtm?| [.017] | [019] | [.052] | [.057] | [.103] | [.114]
. . . . X *in? 23 2.5 5.2 5.8 28.0 32.0
16 MOlp Door's X-Axis Mass Moment of Inertia About door hinge axis, with access panel lb%in 2
[kg*m?] | [6.7E-4] | [7.3E-4] | [1.5E-3] | [1.7E-3] | [8.2E-3] | [9.4E-3]
14,15 S Quantity of Ejection Springs - 1 2 2 4 2 4
6t09 \Y Voltage Prowdecc)ipf‘r;mDI;z?nch Veicle to Power to pins 1 & 2, return from pins 3 & 4 Vdc 22t0 34
6t09 Rp; Winding Resistance of Door Initiator (2) -45 to +90 °C, includes internal CSD wiring Q 7.41013.0
6t09 Lp Inductance of Door Initiator At terminals mH .452
6t09 Ip Peak Current Draw from Door Initiator (3) <0.005 sec A 1.7t0 4.9
6t09 e Continuous qu_rent Draw from Door A 101015
Initiator (4)
6t09 T Time to Initiate (Open Door) (4) -45 to +90 °C, <10e-5 torr S .016 (+.034/-.006)
. . . Door and occupancy switches, closed circuit,
R, h Te IR h .04 .107
609 s Switch Terminal Resistance includes internal CSD wiring, -45 °C to +90 °C onm 0461010
6t09 Isr Current Capacity of Switch, Resistive 28 Vdc, <10e-5 “”F door and occupancy A 2.5
switches
6t09 ls) Current Capacity of Switch, Inductive 28 Vdc, <10e-5 “’rf’ door and occupancy A 15
switches
Payload Travel Required for Occupancy . in 13.27 13.33 13.24 13.30 13.24 13.30
15 PT . +Zt | fi | h t
Switch State Change ravel from faunch position imm] [ [337.1] | [338.6] | [336.3] | [337.8] | [336.3] | [337.8]
Door Opening Angle for Door Switch .
DA Angl | . 2. . 2. 1 1.
5t09 Change of State ngle (0 deg is closed) deg 3 0 3 0 0
— During launch due to vibration Ibf 0 22 0 43 0 86
- FEP: Ejection Plate F Payload (5 X
v jection Plate Force on Payload (5) (assuming 100g response) [N] [0] [98] [0] [191] [0] [383]
N During separation, force per ejection spring, Ibf 2.6
1 FEP E] Pl F Payl
5 s jection Plate Force on Payload +15% due to friction and spring variation [N] [11.6]
14,15 | PRR Payload Rotation Rates Per axis, after payload is fully ejected from CSD | deg/s <10
) As a result of attaching, the LV shall not deform in .005
5 LVF Launch Vehicle Flatness (6,7) the CSD interface surface more than listed. [mm] [.13]
- TML Total Mass Loss Per ASTM E 595-77/84/90 % <1.0
- CVCM | Collected Volatile Condensable Material Per ASTM E 595-77/84/90 % <.1
- DP LV De-Pressurization Rate (6) During launch psils <1.0
12,15 Ts Sunvival Temperature Qualification limits [0(';] F.Ssc)t?ols(;;
12,15 To Operational Temperature Qualification limits [02] £.23?4t:)0137(g
. Allowable number of door closures by customer
- L Life . - _ - 50
before refurbishment is required

1) Includes 1 (3U) or 2 (6U/12V) ejection springs and no separation electrical connector (in-flight disconnect). Add .05 Ib for each additional ejection spring and .03 Ib for the
Lower Separation Connector. The tolerance accounts for machining variation of CSD components.

2) Actual winding resistance can be calculated by Rp, = 10.3(1+.004(Temperature [°C]-25)). The '10.3'is nominal room temperature tolerance. Assume +5%.

3) Actual Peak Current can be calculated by Ip = V/Rp,.

4) Door Initiator will continue to draw current (Ic) until power is cut from LV. This is not detrimental to the CSD. LV may leave power on up to .5 s after door limit switch opens.

5) The CSD's Ejection Plate is sandwiched between the payload and the CSD's back face when stowed. However, during vibration the Ejection Plate may resonate, causing it to
repeatedly impact and gap the payload's -Z face. This force assumes a consenvative 100g dynamic response of the Ejection Plate impacting the payload.

6) These are requirements imposed on the launch vehicle.

7) Ensures the payload will properly eject from the CSD. If the LV interface is much stiffer than the CSD (thick plate) its flatness will need to be held to the allowable CSD
deformation. Isolation systems naturally attenuate this issue.
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

5. MECHANICAL INTERFACE

* Dimensions apply to all CSD sizes unless the view specifically states otherwise (Ex. “3U only”).

o All external CSD mounting surfaces are 6061-T6 or 7075-T7 aluminum alloy with either chemical film per MIL-DTL-5541, Class 3 or electroless
nickel per ASTM B733-15 surface treatments.

¢ Unless otherwise specified, tolerances are +.010 in. for linear dimensions and +.003 in. for hole diameters.

e The 12U external surfaces (+X, -X, +Y, -Y faces) may bow, flatness up to .030, due to internal material stresses relieved during machining. This
does not affect performance. Further, it is acceptable if the surface is forced flat when bolted to an adjoining structure.

e To minimize external volume, standard #10 washers (NAS620C10) do not fit in the CSD flanges. Instead, PSC uses bearing or shoulder screw
shims (McMaster-Carr PN 93574A438 or 94773A739).

¢ Solid models of each CSD, in STEP format, are available for download on PSC’s website. Use these to ensure proper bolt access to adjoining

vehicles.
+X

A5

Crigin ﬂ\“

75
_"|+'* [19.1]
28]

@203 thru
[5.18]
10-32 UNF thru

44
[112]

{corner rail thickness)

Wiidth

10-32 UNF thru

Far all views in this section unless athenwise noted:

Dimensions are inches [mm]

£ 010 | A |B | C |(see 12U exception)
Holes |[€|@ 010 |A& |B |C

Cormer rails alternate threaded and thru holes for
10-32 UNF fasteners.

Mounting patterns are centered.

Thread depths are a minimum.

226 @ 203 thru
[5.18]
1[543301205210 | % - third angle projection
16.31+.03
[414 3+.8]
+Y 10-32 UNF thru Payload Access Panel 44 Width- 44 [11.2]
BO0 :
1.05 @ 203t w [1132] [ Height-34 [3.6] /[\+Y
.F_“\\
\-
\.
91 .5° N\ Height
tfully open, Height- 44 [11.2] +Z Face
I all sizes) B \
Or\gm\ e = — T 3
.203 thru Eﬁ 7] _—I[;ng] [;022]|—_ Door will not protrude +Z 4% 1/4-28 UNF Pavl dA_ X
185 — [5 18] : below -Y face (all sizes) T4 Pay o‘a Ehess
ane
10-32 UNF T .38 min
20.85£04 3UMU, 2529:04 12U
[52m.621.0] [B42.4 +1.0]
Figure 5-1: CSD mechanical interface dimensions
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5857
[148 78] 10-32 UNF thru

4800 1.580 @ 203 thru 4% 3.067
[121.92] [40.39] [5.16] [77 90] 10X 10-32 UNF ¥ 32

4955 4955
[125.85] [125.85]
+Y <—
4173
E‘b.zoia [105.98]
5.31

BOO typ. 2.250 @ 203 thru 71
[15.24] * ’I L [57.15] [5.15] EERD! [1?142]
o 10-32 UNF thru o
This view +X +X This view 3U only
3Uonly
@.203 thru
[5.18]

10-32 UNF ¥ .38

10-32 UNF thru
@ 203 thru
+Y [5.16]

Figure 5-2: Mechanical interface dimensions (cont.). Some views unique to 3U.
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5857
' 1590 10-32 UNF thru
[40.39] ?.203 4% 3067 20% 10-32 UNF T.32
ﬂ ' [5.18) [r7 0]

_ - Y
This view 4173
6U only [105.93]
10,025
B5254) M
' 7133
+Y <— [2878]
9.000 [
& 209 [228.50]
[531] 4173
[105.99]
i - 1
_ ?.203 B4
2250 44
5.16
[15.24] ‘i [57.15] ( 10-%2 UNE thro [16:3] [112]
+X This view 6U & 12U only

10.310

3.000
[22550]

10.025
[25454]

< This view

12U only
@209
E.31]

[15.24]

+X
Figure 5-3: Mechanical interface dimensions unique to 6U and 12U
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

6. ELECTRICAL INTERFACE

’e 9
\
v

:

DB-9 (DE-5) Socket Connector
(CSD electrical interface to Lv')

@
=]
(] 1.73
34
© [
C
=]
Q
o All CSD si Optional Separation
! sizes Electrical Connectar
(payioad electrical
interface to L)
a7
A0 33 to top of Sep Conn
.38 94
[m ?] 984 [5.4]
9.1 2% 4-40 UNC
[ T4 *
49 to Sep Conn mtg. surface
A0 45 p 0
A8 125
12.7 115
1.7

SECTION A-A

Figure 6-1: Launch vehicle electrical interface
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CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

7. ELECTRICAL SCHEMATIC

Payload: Installed Payload: Dispensed
CSD Door: Closed CSD Dcor: Open

DB-9 Socket Connector

(1) See Ry, forresistance.

|
|
|
1 .
14 &~ are conductive

I
I
£ I (2) The metal shell conducts
— 22 AWG typ. External surfaces [ — I tothe CSD via conductive
14 I surface treatments.
24 1 24 1
+ | * I (3) Requiredto assure electrical
| I continuity between shells.
Launch < Motor (1) : Motor (1) : Retained by Upper.
Vehicle | | . »
| I (4) Electrical conductivity to CSD
34 34 via Separation Electrical Connector.
| I
4 9 ! 414 1
1 | (5) The metal shell conducts to
NOd e NC 1 59 NO ¢ NC | Payload via conductive surface
Door Switch ! ] Door Switch | freatments.
NO¢ eNC ! NOg éNC !
6 1 64 1
1
7 | 7 1 :
NCe *NO  oOccupancy NC I NO Occupancy
. NCq eNo SV '«— csD al NCy sno  Swieh |
1 1
99 | Chassis Ground ! 9 '—_I_ Chassis Ground |
1 1
e - (to ©SD) | o = {to CSD) | Payload
S | 1 | m e e e e e e m ===
1 f | I 1 0! 1
Lower Upper €—+ Payload (4) Lower 1 Upper 1
: =" [ | ! [ [ I
Optional —— 1 f—1 | [ 1
Separation ~ ——— R ] : - = : — :I:
Electrical ™~ Safe/Am e [ — 1
Connector | fr— | = |
(6) I 15 —— | ——15 |~ 1
L ' A |
1 1

Figure 7-1: CSD electrical schematic

(6) The Separation Electrical Connector is an in-flight disconnect (IFD). It is a custom connector provided by PSC that has significant space-
flight heritage. It can be used to transmit power or telemetry. It can also be wired as a loopback to indicate separation. The launch vehicle
side of the connector must be removed from the CSD prior to the initial payload installation. It may be re-attached to the CSD after
payload installation and door closure. This ensures proper alignment of the connector halves. For more information see PSC document
2001025 Separation Connector Data Sheet on PSC’s website.

The Separation Connector can also be used for payload inhibits. If doing so, it is recommended to use three loop-back circuits, all of which
must go open. This is due to the potential intermittencies in the pins at high shock and vibration levels. See Figure 7-2.

Stowed Separated
Upper Connector

(ﬁJ Iﬂqs c(ﬁ—_yfﬁﬂra
U WJJ § LUQUT HJ
| ‘l ¥ Lower Connector

N (on CSD to
launch vehicle)

Figure 7-2: Example Separation Connector loop-back wiring
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During qualification testing, PSC monitored the electrical continuity of the Separation Connector, Door Switch and Occupancy Switch. See Figure 7-3
for the circuit. The Separation Connector had 14 of its 15 pins wired in series through loopbacks.

In thermal vacuum testing all circuits remained electrically closed across all temperatures.

During shock and random vibration testing the components were monitored at 210 kHz per channel to detect intermittencies. All three items exhibit
some intermittencies. The frequency and duration of the intermittencies varies with CSD size, excitation axis, mounting face and payload dynamic
response. Electrical designers should be aware of these potential intermittencies to design their hardware and software accordingly. Figure 7-4 and
Figure 7-5 show example intermittency during 14.1 grms random vibration. The units of time are seconds in the figures below.

----------- ® S+
1,000 O
+
5 VDC — T ___________ . S_
Sep Connector
or Switch
Figure 7-3: Measurement circuit
ol LT ] |
55 i t
5.000-]
4500~
4.000
CHO NOT_USED |
3500 I 1 ¥ CH1 Separation Connector :]
= 3000 u ail i CH2 NOT_USED 24
& CH3 NOT_USED Pavi|
S 20 1 LI I CH4 NOT_USED [~
2.000 H LULE | .-y ¥ CHS5 Door Switch D
CH6 Occupancy Switch I:]
1.500
1.000
0.500
0.000
0.500 - T T T T T T T T T
0 20 40 60 8 100 120 140 160 180 200 220 240 260 280 300
Time
Figure 7-4: Example random vibration intermittency
Separation Connector Door Switch Occupancy Switch
6.000-7 6000
5. 5. 5
L e _—t— | 51“'$J-*%—%;v“—*<~ = - 5,000~ e fen R e R P e ey ey B
. \ " ! ! . 1
I [ i T
| / ‘ 1]
a - — 4 T 7 | 4,
i A CHO NOT_USED ™M | ‘ | ¢ CHONOT_USED |
B 7 CHI Separation Connector } ! ‘ « > CHI Separation Connector
ERt ! L CHZNOT_USED 7 | Z 3 CHONOT USED Y| 2 CH2 NOT_USED [
g ! CHINOT_USED || £:: 5 | CHI Separation Connector g CH3 NOT_USED 1
g | CHANOTUSED [ =" ! CH2NOT_USED 7] 82 CHANOT USED =
2 \ f CH3 Door Switch | 2 CH3 NOT_USED = CH5 Door Switch =
s / CH6 Occupancy Switch [ ] 1 CHANOT_USED B | CHB Oceupancy Switch  [7]
’ ! ‘\' CHS Door Switch D
X \‘ i CHG Occupancy Switch [~ 1
\’} 0!
%620 %0 %6810 " seen US43 1435 15436 VSA3T | 145438 145439 MSAM0 | VA4 14Sd2 g A1 N A S
Time Time Time
Figure 7-5: Typical duration of discrete intermittencies
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8. INITIATION ELECTRICAL PROFILES

The CSD uses a DC brush motor to release the door. These motors are excellent transducers. For every operation, PSC records the voltage and
current profiles from the motor. This enables the health of the mechanism to be safely and inexpensively directly measured in testing and
spaceflight. The torque margin is easily calculated to verify it remains above allowables.

PSC also monitors the state of the door and occupancy switches during separation. The ejection velocity of the payload can be approximated using
the timing of these two events and assuming constant ejection acceleration from the CSD’s constant force spring. See Section 9.

3 30 i o
1
Motor Voltage (v) = Fower Cut ;o
| [
\ | ot i
Peak Current (Iz) | 1 I Applied Voltage (V) =28V
25 25 1 1 Peak Current (I,) =27 A
! : ‘I Time to Initiate (T) = 0.02 sec
| v\ Time Power Applied = 0.20 sec
1 [
1 v
2 20 1 Y
I \ 1
| <= \Voltage Decays as [
<— Motor Current | Motor Spins Down v
v
! v
15 15 f— i VoA
E —_ % <~ Door Switch Opens : [
5 = = (initiator has | [
O = released door) | : l’
1
1 10 I [
| o
| o
1o .
1 ¢+ Occupancy Switch
I {_ + Opens (time depends
05 5 Door Init_iator Mechanism : f" EJJ on payload mass and
Oscillates Freely | P gjection spring gty.)
[
(|
[
0 0 S (R
A - L |
| Payload Ejection ]”V Vo
| 1= Beqgins, Separation \ \
1 | Electrical Connector ‘\ ‘\
:\ | Separates ] v
05 -5 l ! B
0 Tmeto 0.1 0.2 0.3 0.4 04to15
Initiate (T) Time [sec]

Figure 8-1: Typical initiation electrical profile

Note: The Motor powered duration is 0.2 s in the figure above. PSC typically powers for only 0.1 s during testing to reduce unnecessary cycles on
the mechanism.

How to emulate the CSD in electrical system testing: engineers ought to be able to create a circuit that usefully approximates the load of the motor,
the state of the switches and separation connector. The motor could be a light bulb of the same resistance, and so on.
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9. MAXIMIZE TELEMETRY

It is crucial the launch vehicle (LV) utilizes all CSD switches to maximize flight telemetry and inform anomalies. Both limit switches can be monitored
on a single channel by wiring as shown below.

DB-9 Pin Connector : DB-9 Socket Connector :
\\ £ 1
1
*1]1 1
%212 + :
1
LV Motor !
monitoring :
E 332 :e CSsD

| 4141 1

ok =T
+ I
LRy >|° NO¢ eNC I
Door Switch 1
NO¢ eNC 1
6|6 1
R, | 1

2 717

NC¢ ®NO Occupancy !
Switch ;
) sls NC¢e eNO |
1
1° | 99 —1__ Chassis Ground 1
R, = 2'R; p— (to CSD) :

Figure 9-1: Door and Occupancy Switch monitoring

The current flowing through ‘LV monitoring’ will vary depending on Door Switch and Occupancy Switch state. Thus the state of both switches can be
determined from one channel. See Figure 9-2 for example.

2.10+ I T
200 Motor N H
1.90 Dooer & Occupancy Switches -
1.80
1.70
1.60
1.50
1.40
1.30
1.20 ﬂ‘ Door & Occupancy Switches closed i
1.10 f i ] ]
1.00 ] Door Switch opens. Current drops to 1/3 of original value. ‘[

|

I I I [ [ 1
0.90 / I | | ] | [ [
0.80 7 | Payload ejecting. Occupancy Switch remains closed. |

0.70

0.60 / | I I | | \ \

’ / Occupancy Switch opens. Payload is fully ejected.
I (Chatter is due to Ejection Plate impacting end-of- -

[

Current [A]

E:—

0.50
0.40
0.30

loges R bY
0.20
0.10 | {

\
0.00 U " vt h . wironith

-0.10- ;
005 000 005 010 015 020 025 030 035 040 045 050 055 0.60

Time [sec]
Figure 9-2: Monitoring door and occupancy switch on a single channel

travel hard-stops.) —

i

.
P——

<

Also, the payload’s ejection velocity can be approximated using the timing of the two limit switch activations.

2D

V _
To-Tp

IR

V is ejection velocity [length/time]

D is distance between Ejection Plate’s stowed and deployed positions [length] see Figure 15-3
Tois the Occupancy Switch opening time [time]

Tp is the Door Switch opening time [time]
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10. EJECTION PLATE RESISTANCE

The electrical resistance from the CSD’s Ejection Plate to the outside of the CSD was measured on 3 different CSDs in a static configuration at room
temperature and pressure. A milli-Ohm (kelvin probe) meter was used. The test current and CSD orientation with respect to gravity were varied

throughout. Source is PSC document 2003199-. Use the data in Figure 10-1 to Figure 10-3 to roughly approximate the resistance. It will vary greatly
for each specific CSD.

3U Ejection Plate to CSD Resistance

0.30
Stowed
0.25 —e—Partially Deployed
Fully Deployed
0.20

Resistance [Q]
(=]
o

0.10
0.05
0.00
1 2 3 4 5 6 7 8 9
Measurement [-]
Figure 10-1: 3U Ejection Plate resistance (1 ejection spring)
6U Ejection Plate to CSD Resistance
0.30
Stowed
—o—Partially Deployed
0.95 y Deploy
Fully Deployed
0.20

Resistance [Q]
b
o

0.10
0.05
0.00
1 2 3 4 5 6 7 8 9
Measurement [-]
Figure 10-2: 6U Ejection Plate resistance (2 ejection springs)
12U Ejection Plate to CSD Resistance
0.30
Stowed
0.25 —o—Partially Deployed
Fully Deployed
0.20
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Figure 10-3: 12U Ejection Plate resistance (4 ejection springs)
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11. PAYLOAD IN CSD

The figure below shows the size and location of CSD access zones relative to the payload origin. Dimensions apply to all CSD sizes.

Tolerances +03in [.8 mm]

Dimensions referenced from payload origin (2002367 )

+YCSD +YPL +X face access identical to -X face

3.50
EEE:|

Figure 11-1: Payload location in CSD

Note that a 6U CSD will not accommodate two 3U payloads. Despite the available volume, the CSD will not properly preload the tabs or restrain the
payloads. See Figure 11-2.

Figure 11-2: Two 3U payloads cannot be installed in a 6U CSD
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12. ENVIRONMENTAL TESTING

All flight CSDs undergo environmental tests to verify workmanship. CSDs that have been qualified for a specific mounting face undergo acceptance
testing on all flight units. If a specific size and mounting face has not yet been qualified, the flight unit receives proto-flight testing. Mounting the CSD
via the -Y or -Z face is considered standard. If planning to mount the CSD via any other face contact PSC for schedule and pricing details. As of the
release of this document the following size and mounting face combinations have been qualified.

e 3U:-Y

e 6U-Y&-Z

o 12U:-Y&-Z
PSC records voltage and current during all operations. Flight CSDs perform a minimum 12 separations during testing (EDUs perform 10).
‘Separation’ is defined as the payload fully ejecting from the CSD. ‘Initiation’ is defined as the door opening but the payload not fully ejecting,
typically due to orientation with respect to gravity. During build every CSD has approximately 5 initiations in addition to the noted separations.

The standard CSD mounting interface is the -Y face for all PSC testing. PSC typically uses 22x (11x per side) high strength .190-32 UNF socket
head cap (SHC) screws torqued 50 in-Ib for all testing. Example PN is NAS1351N3-12.

12.1 Test Summary

Table 12-1: Test levels

Use
Acceptance
Test Parameter Qualification Proto-Flight (Flight) EDU
Benchtop :
Separations (1) Separations [-] >100 10 10 10
Temperature [°C] (2) -34 to +80 -29 to +75 -24 to +70
Pressure [(?érsr]eparatlon) <1.0E-4
Thermal Not
VUL Cycles [-] 212 =8 24 Tasted
24 2 1
Separations [-] Cold: 22V, 34V Cold: 22V .
Hot: 22V, 34V Hot: 22V (Sl 227
Level [gms] 14.1 10.0
Yms (Figure 12-4 +3dB) (Figure 12-4)
Random EDu.ratl.on [Z/ams] 180 | — 6; 60 Not
Vibration (3) xcitation Axes [] L Tested
3U: 26.0
Payload Mass [kg] 6U: 212.0 Varies <6.5
12U:9.0to 24.5
Payload Response [lbf] 21,000
. Payload Mass [kg] Varies Not
Sine Burst (4 - Not Tested
@ Cycles, per axis [-] 25 Tested
Excitation Axes [-] X, Y, Z
Level [g] See Figure 12-6
Shock Impacts per Axis [-] 3 2 Not Tested T;c:; d
Payload Mass [kg] See Random Vibration

(1) 1atm, ~23°C. A separation is also performed after random vibration/sine burst and after shock.

(2) CSDs have been operated beyond these temperature limits. See Figure 15-2.

(3) The total dynamic response of the payload is affected by mass distribution, stiffness and damping. Therefore, specifying a maximum
allowable payload mass is not productive. During qualification testing the total 3o payload response often far exceeds 1,000 Ibf, especially on
the 6U and 12U. To ensure sufficient margin, customers should tune their payload to limit the MPE 3o response to 800 Ibf.

(4) The peak input acceleration chosen depends on the payload’s mass. For instance, with a 9 kg payload installed, at least 50 g is applied to
the CSD.
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12.2 Thermal Vacuum

Testing is conducted in PSC’s thermal vacuum chamber. The CSD is fastened via the -Y face to aluminum interface plates which are in turn

fastened to a copper plate. A heat exchanger pumps refrigerant through tubing on the underside of the plate to conductively heat and cool the CSD.

Test Objective:

Demonstrate that the test item separates after thermal cycling at required pressure.

Test Complete

1. The required thermal and pressure environment is applied to the test item.

Criteria;|2. The test item separates at each designated step.
3. The test item is inspected IAW PSC Document 2002404 "CSD Inspection Report" upon
completion of cycling.
Notes: (1) In a separation the payload completely clears CSD +Z Face. In an initiation the door fully opens
but the payload may not eject.
(2) Pressure may exceed 1E-4 torr during bake-out and above +23 °C for first several cycles.
(3) A bake-out preceeds thermal cycling. It helps attain required pressure.
(4) When testing multiple units, the control sensor shall be on unit with most total mass. Ensure
Response Sensors of lower mass units do not exceed qualification test levels defined in 2002913.
(5) Only the control sensor is required to be in tolerance for all units tested.
Temperature Sensors Bake-out (3)
Name Designation Type Location Temp. [°C] | Duration [min]
RO1 Control RTD On +Y Rail of CSD 70.0 60.0
TO1 Response T/C Type K Near -Y rail of CSD
Thermal Cycle
Max Pressure | High Temp. Low Temp. Temp. Thermal Dwell Duration,
[Torr] (2) [°C] (5) [°C] (5) Tolerance [°C] | Cycles, min [-] min [min] (5)
1.0E-04 70.0 -24.0 +/- 3.0 4 20
Functional test while test item isin Thermal-Vacuum Chamber Payload
Commanded Size Mass [kg]
Operation (1) Voltage [V] Temp. [°C] (5) | Operation after [thermal cycle] 3U >2.5
Separation 22.0+.5 -24.0 4 6U and 12U >4

2002337F

3-Aug-2018

Figure 12-1: Acceptance thermal vacuum test requirements

PLANETARY
SvysTtems
CorroraTiON

www.planetarysys.com

21/64



CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

80 Bakeout /4)( thermal cycles 1.0E+03
70

1.0E+02
60

1.0E+01
50

4t thermal cycle ended during weekend so
these CSDs were held at room temperature
under vacuum until Monday morning.

A 1.0E+00

40

2. 30 4 A 10501 &
< 1 2 3 4 R =
® 20 5
Q ' n
g ! 10E-02 §
a 10 | a
= \
L]
0 Wy 1.0E-03
A}
-10 k!
\ I . 1.0E-04
r I
20 ‘\ : ‘,‘ ", \“ ’,n“ ”q“ Separation
7 . ! .
“ R\ RN\ R\ . S 1.0E-05
-40

1.0E-06
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Elapsed Time [hr]

—— CSD1, Top ——— CSD1,Base  ———CSD2, Top CSD2,Base ——CSD3,Top
——— CSD3, Base CSD4, Top ——CSD4,Base  =-==--- Pressure

Figure 12-2: Sample thermal vacuum environmental data, 4 CSDs tested concurrently

. ¢ = — 7~> e "vr;’\' s \?

= — 2 i < . = %g - \ . .‘\A‘
Figure 12-3: Thermal vacuum testing 4 CSDs in PSC’s chamber. Conveyors allow complete payload dispensing (see Section 25).
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12.3 Random Vibration

Test Objective:
Test Complete
Criteria:

Notes:

Demonstrate that the test item separates nominally after vibration loading.

1. The required \ibration profiles are applied to the test item in the specified directions for the specified durations.
2. The test item separates nominally after being exposed to all vibration profiles.
3. The test item is inspected IAW PSC Document 2002404 "CSD Inspection Report" upon completion of vibration exposure.

(1) In a separation the payload completely clears CSD +Z Face. In an initiation the door fully opens but the payload may not eject.
(2) If additional accelerometers are added, follow the same naming convention wherein C# signifies control and R# signifies response.
(3) Narrow Bandwidth Exceedance tolerance is the maximum width that a control signal may exceed the control tolerance.

(4) Sine Sweeps will be performed to demonstrate frequency and amplitude match at the fundamental and secondary frequencies.

(5) CSD will have payload installed for all tests.

Test Facility Data Transfer Requirements Test Orientations
Sine Sweeps: Tabulated and plots of the FRF (Magnitude and Phase). Plots shall overlay Sweeps 1 & 2. Axes Tested | XY,z
Random: Tabulated and plots of the PSD profiles. CSD Mounting Face(s) [ -Y
Random Vibration Profile & Tolerances 1.0E+00
Random Vibration Upper Ctrl Limit | Lower Ctrl Limit ' I I I I I I I
Freq. [Hz] Profile ASD [g%/Hz] ASD [g¥Hz] ASD [g%/Hz] Random Vibe Profile
20 0.013 0.018 0.009
50 0.080 0.113 0.057 = = Ctrl Limit (Abort)
800 0.080 0.113 0.057
1,000 0.051 0.073 0.036
1,000 0.051 0.103 0.026
2,000 0.013 0.026 0.007
Pre-Random Vibration Ramp-Up Test Flow
Level [dB] Min Duration [s] Sine Sweep 1
-12 45 Random Vibration
-9 45 Sine Sweep 2 N - e | - - f - - - [e
-6 30 Rotate input axis (repeat 2X) NE 1.0E-01
=] \
-3 15 oy \
o \
Q \
EDE Parameters < ." ll - || === = = -+ |= “‘
Parameter Value Tolerance 7 / \ A
Overall [gms] 10.0 +1dB . \
Duration per axis [sec] 61 +5/-1 11/ \ \
Ctrl tolerance, 10-1000 Hz [dB] 1.5 - 777 \
Ctrl tolerance, >1000 Hz [dB] 3.0 - / / \ \
Ctrl Strategy [-] Max -
Max Ctrl. Bandwidth [Hz] 5 - / \
NBE Tol, 20-100 [Hz] (3) 10 - / \
NBE Tol, 100-1,000 [Hz] (3)] 10% midband freq. - / \
NBE Tol, 1,000-2,000 [Hz] (3) 100 - LOE-02 \
Crtl. Accel Crosstalk Upper Limit [gims] | In-axis input level - 10 100 1,000
Random vibe DOF per channel [-] 120 +20 Frequency [Hz]
Data Sampling Rate [Hz] 5,000 minimum
Sine Sweep Profile Accelerometer Parameters
Parameter Value Tolerance [+] Accel. Name (2) Accel. Accel. Type Location
Range [hz] 20-2,000 - C1 Control Triaxial On Interface Plate
Applied Level [g] 0.1 6dB C2 Control Triaxial On Interface Plate
Rate [Oct/min] 2 0.4 R1 Response Triaxial on CSD near Interface
NBE, 20-100 [Hz] (3) 10 - R2 Response Triaxial On Payload
NBE, 100-1,000 [Hz] (3)| 10% midband freq. -
NBE, 1,000-2,000 [Hz] (3) 100 - Payload
Size [1] Mass [kg]
Functional Tests 3U 2.5-6.0
Operation (1) Commanded Voltage [V] 6U 4.0-6.5
Separation 28.0+0.5 12U 4.0-6.5

2002337F

Figure 12-4: Acceptance random vibration test requirements

3-Aug-2018
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Figure 12-5: Typical 6U CSD vibration test setup
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12.4 Applied Shock (not a standard test)

Shock testing is only performed on qualification and proto-flight units. Figure 12-6 shows the qualification applied shock SRS specification for the
CSD. For each impact and axis >50% of the curve is above the specification. Both the positive and negative SRSs meet the tolerance. This is
measured at the CSD interface surface, <2 in from the CSD. Figure 12-7 shows a respresentative time domain impact. Figure 12-8 shows a
representative test setup.

1,000

100

Acceleration [g]

100

2002337F

Acceleration [g]

Lower
Frequency | Tolerance | Specification Slope
[Hz] ld] ld] [dB/Oct]
100 20 40 582
2,016 365 730
10,000 365 730 0
1,000 10,000
Freqguency [Hz]
—— Specification  ----- Lower Tolerance
Figure 12-6: CSD applied shock specification
M R1_X_46293 (Filtered)
& R1_Y_46294 (Filtered) [
€ R1_Z_46465 (Filtered) [ |
0 R2_Z_53447 (Filtered) |
[ R2_Y_53447 (Filtered) |
0 R2_X_53447 (Filtered)
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time [S]
Figure 12-7: Representative time domain shock impact
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—— , Accel R1,
Accel R2, 2 2 on CSD interface plate
on payload SOy .

‘)ﬂ

y i Al & S Lo
Figure 12-8: Qualification applied shock test setup, 6U, -Z mtg face

7

Hammer ﬂ

Impact
Location

Figure 12-9: PSC’s shock test fixture
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13. CSD-GENERATED SHOCK

Figure 13-2 represents the shock generated by the CSD as a result of opening the door and dispensing the payload. 13 separations were performed
on a 12U CSD and the SRS shown are the Normal Tolerance Limits (NTL) with a P95/50 confidence. They envelope all trials. The locations of the
accelerometers were varied along the length to encompass spatial variations. See Figure 13-1. Maximum thickness (.1200 to .1206 in) payload tabs
were used that envelope the allowable thickness since the clamping preload, and thus strain energy, varies with tab thickness. Figure 13-4 shows an
example time domain of a single separation. The multiple impacts are from the CSD’s door bouncing. Only the initial impact was analyzed for Figure
13-2 since creating an SRS of the entire event produced noise at lower frequencies. This data is from a 12U CSD. The 3U and 6U have different
door inertias but it is assumed they behave similarly as the strain energy released during initiation is nearly identical for all sizes. Also, this testing
was performed with gravity acting in the -Y direction, thus adding energy to the door’s release.

\| LV accelerometer |,
_ |(2 varied locations),

TEST ITEM ASSY
4000746A 12U CSD

Interface SN: 008
plate ation AB C

Configur:

Figure 13-1: Test setutho measure CSD generated shock

P95/50 Envelope, CSD12U, -Y mtg face

1.0E+3

1.0E+2
=
c
2
T 1.0E+1
o
[T]
o
<

1.0E+0 LAY TR ~

/" NS :
Sapasnntres® ;'{'“""" 2
1.0 E==
100 1,000 10,000
Frequency [Hz]
—LV X =meas LV_Y  seenes LV.Z ——PLX ----- PLLY cosses PL Z

Figure 13-2: CSD generated shock SRS
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Acceleration
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Figure 13-3: Representative time domain CSD generated shock, initial impact (R1 LV, R2 payload)
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Figure 13-4: Representative time domain CSD generated shock, full event
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14. MICRO-GRAVITY FLIGHT

In August 2014, PSC conducted micro-gravity flight testing of the 3U and 6U CSDs aboard NASA’s Weightless Wonder aircraft. The testing took
place over 4 flights with about 40 parabolas per flight. The 3U CSD was operated 52 times in micro-gravity and the 6U CSD was operated 84 times
in microgravity. The separation velocity and tip-off rates of the payload were measured during each operation. Videos and papers of CSD operations
during the micro-gravity testing can be found at www.planetarysys.com. These papers explain the scatter in the rotation and velocity measurement
which are expected to be lower on orbit (ref. 11).
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Figure 14-2: Flight 3, 3U CSD (1 spring, 9.94 Ibm payload)
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Figure 14-3: Flight 4, 6U CSD (4 springs, 19.85 Ibm payload)
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Figure 14-4: Test structure floating during micro-gravity test
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The CSD can be configured with multiple ejection springs: one or two for the 3U, two or four for the 6U/12U. See Section 26 for defaults. The graph

below provides estimated payload ejection velocities using data averaged from micro-gravity flight testing of the 6U and 3U CSD. It is assumed that
the 6U and 12U CSD behave similarly. These apply at room temperature. See Section 14 for typical scatter on these nominal values.

3.0 ——

\\

—6U/12U: 4 Springs
25 6U/12U: 2 Springs
\ —3U: 2 Springs
20 - —3U: 1 Spring ||
@ \
£
215 N\ \\
k3]
1.0
\_ ——
\ \-\
0.0
0 3 6 9 12 15 18 21 24
Payload Mass [kg]
Figure 15-1: Estimated payload ejection velocity

Figure 15-2 shows the effect of temperature on ejection velocity. ‘Separation Time’ is defined as the duration between the door switch opening and
the occupancy switch initially opening (Ejection Plate reached end of travel, CSD deployed). This corresponds to approximately 13.3 in of payload
travel. See Figure 15-3 for exact Ejection Plate distances. Separation time is proportional to velocity. The masses listed are the payload mass. All

operations were performed in a thermal vacuum chamber, Pressure < 1.0E-4 Torr and CSDs oriented with gravity in -Y direction. Notice the 3U
speed dramatically slows below -40 °C. This is believed due to viscosity of the lubricant in the Ejection Plate’s linear bearing.
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Figure 15-2: Ejection time vs. temperature
PLANETARY
2002337F 3-Aug-2018

[S>)

Svystems

CorroraTiON

www.planetarysys.com 31/64



CANISTERIZED SATELLITE DISPENSER (CSD) DATA SHEET

+X Stowed N

All sizes: 14.85(377.2] Deployed
3U: 1.55(39.4]
7 6U & 12U: 1.58 [40.0]

Figure 15-3: Ejection Plate travel

Figure 15-4 shows the Separation Time for the 6U qualification benchtop test. Operations 1, 81 & 91 were the initial use of new payload tabs. Notice
the ‘work-in’ period associated. The specific reasoning is unknown but likely related to slight polishing of surface imperfections and thus a reduction
in friction. Also note that operations 81 to 120 were with payload tabs outside of the allowable thickness tolerance per Payload Specification
2002367. PSC tests with tabs that envelope the allowable tolerance to ensure reliability. Source is PSC document 2003030.
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Figure 15-4: 6U qualification benchtop separation summary
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16. DOOR BOUNCE
During ejection the CSD’s door will bounce and contact the leading edge of the payload (=Y, +Z edge). To prevent payload damage avoid placing
sensitive components on the —Y face near the +Z leading edge of the payload. Utilize a structural protrusion or bumper to help protect sensitive

components. Small Delrin plastic bumpers have proven successful on test payloads.

Bumpers

Figure 16-2: Payload bumpers
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Figure 16-3 shows example door angle vs. time during payload ejection. T = 0 s corresponds to power on to the CSD initiator (motor). Impact
frequency and decay rate are dependent on both payload mass and ejection spring quantity, both of which are unknown for the data presented.
Source is PSC document 2003130. See Table 4-1 for the door's mass moment of inertia.
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Figure 16-3: Example door bounce during ejection

The torque on the CSD’s door during both opening and closing was measured for all three sizes. It was first measured with a payload installed and
then repeated without a payload. See Figure 16-4 and Figure 16-5. The hysteresis is due to friction. With the payload installed, all three sizes are
very similar because the majority of the torque results from the tab preload system which is identical for all CSDs. Without the payload, the 3U
experiences less torque because it has fewer internal springs than the 6U and 12U. The CSD was oriented with gravity in +X to minimize gravity
induced torques. See Figure 16-6. Source is PSC document 2003108.
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Figure 16-4: CSD door torque with payload installed
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Figure 16-5: CSD door torque without payload (empty)
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Closing
Direction

91.5°

Figure 16-6: Door torque test setup
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17. ALLOWABLE PAYLOAD RESPONSE

The total 30 RSS payload response due to all loading shall not exceed 800 Ibf (3,560 N). This capability is verified with margin on qualification and
proto-flight CSDs.

Simply claiming a dispenser can accommodate a certain payload mass is not productive because every payload has a unique dynamic response.
The loading on the CSD is affected by the variable stiffness, damping, and effective mass of each payload. Figure 17-1 illustrates the extreme
difference in response of two payloads of the same mass. Higher damping within the payload and/or isolation between the CSD and launch vehicle
greatly increases the mass capability.

Less Stiff - Extremely Stiff
~ Payload _
(red profile) s

Payload
(green profile)

Q=3.8/0.1= 38
2=0.013

——
Q=2/01=20
7=0.025

0.1

Acceleration [g]

0.01

0.001
20 200 2,000
Frequency [Hz)

Figure 17-1: Payload response comparison

As a further example a 12 kg 6U payload exhibited a lower total response than a 9 kg payload despite being 33% heavier. Both were tested in the
same CSD with the same 14.1 gy input.

It is important to note that the total 800 Ibf response limit does not typically result from the quasi-static launch acceleration multiplied by payload
mass. For example if the launch vehicle provides an 8g launch load, the payload cannot be 100 Ib. Resonances and low damping can create higher
effective responses than 8 g. Isolation systems can increase damping and move the resonant frequency. This is what larger vehicles do: coupled
loads analysis, then if the response is too high, isolate or strengthen. If encapsulation is not absolutely necessary use a Lightband instead. It is
lighter, supports much larger loads, allows larger volumes and has lower tip-off.

Contact PSC if the 800 Ibf response requirement is problematic. The capability can possibly be increased (~10%) on a case-by-case basis. PSC
developed this conservative limit to ensure the payload never detrimentally slips.

To verify reliability, PSC has purposely exceeded these forces during shock testing. The payload slipped until it pushed against the door and then a

complete separation was performed. This however is not recommended as it could introduce several failure modes, especially during vibration,
including: FOD generation, load path change, activation of inhibits, damage to deployables, etc.
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18. TAB GAPS & DISCONTINUITIES

The CSD can accommodate payloads with tab gaps greater than those listed in the Payload Specification 2002367 (ref. 3). However this may
result in a customized CSD and increase cost and/or delivery time. If the payload will have gaps that do not comply with the Payload
Specification contact PSC to discuss requirements and obtain a custom quotation.

The allowable payload response will decrease approximately as a percentage of the tab length removed. Carefully consider this when electing to
have gaps. Further, PSC’s test payloads do not have tab gaps. It is highly recommended that the customer tests a mockup of the payload in an EDU

CSD to verify performance.

Also consider the impact of large gaps on the ability to verify full separation of the payload from the CSD during test. Large gaps will increase design
complexity of a conveyor system as there is no longer a continuous tab surface for the payload to roll on.

Locating the gap(s) in the middle of the payload is preferred. Maintaining continuous tabs at the fore and aft ends maximizes the load capability of
the CSD and aides installation/removal.

Tab Gaps

o~
>

Figure 1%—1: Payload with large tab gaps requiring a custom CSD
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19. PAYLOAD VOLUME
The CSDs external volume is equivalent or smaller than other dispensers while simultaneously allowing the largest payload volume.

] 3U volume per 20002367

[365.9

14.4]
[340.5] Standard 3U CubeSat_, [15.2]
13.4] § 00

[1132] [1e2]
46 457

=

Figure 19-1: Comparison of 3U Payload Volumes. The CSD allows 15% more payload volume.
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Figure 19-2: Comparison of 6U Payload Volumes. The CSD allows 9% more payload volume.
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20. OPERATION AND INTEGRATION

Payload installation and integration is quick and straightforward. The figures below demonstrate the ease of attaching the CSD to a launch vehicle.
The numerous mounting surfaces with threaded and through holes eliminate the need for additional interfacing structures. Use a minimum of 4
fasteners, one at each corner, when attaching the CSD to adjoining structures. The exact fastener qty. required shall be determined to ensure no
gapping or slipping between the CSD and LV interface. The payload may be installed either before or after the CSD has been attached to the LV
interface. Operating the door (either electrical or manually) after installation and verifying reliable dispensing of the payload is essential to ensure
proper operation in the final flight configuration. PSC document 3000257 CSD Operating and Integration Procedure (ref. 13) shall be used for all
payload installations, CSD operations, and launch vehicle integration. Further, only trained personnel shall use the CSD. See section 29 for details.

ft @

Figure 20-1: Installing 6U payload in csD

I

Figure 20-3: Using reduced clicker head wrench to torque fasteners via —Z face
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Figure 20-4: Installing CSD initiator electrical harness

Figure 20-5: Installing LV side Separation Connector
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21. CSD CONSTRAINED DEPLOYABLES

The CSD is capable of constraining deployables. Document 2002367 Payload Specification (ref. 3) provides details on allowable contact locations of
deployables to the inside of the CSD. The distance from the payload maximum envelope to the walls can vary between .03 to .07 inches for the +/-X
faces depending on the width of the payload tab. This is due to the necessary gaps in the X-axis between the tabs and the CSD. If a deployable is
located on the —Y payload face, a small rotation rate will be imparted on the payload during ejection as the deployable contacts the door.

Roller bearings along the
deployable edges allow the
CSD to constrain deployables,
unburdening payloaders from
the design of complex
restraint/release mechanisms.

Figure 21-1: A 6U payload ejecting from the CSD
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22, FASTENING PAYLOAD TO EJECTION PLATE

To facilitate hosted payloads, the payload can be permanently bolted to the CSD’s Ejection Plate in the 6U or 12U. In addition, the Ejection Plate
and payload can be fastened to the rear of the CSD. When the CSD initiates, the door opens and the payload either remains in the CSD or fully
deploys but remains attached to the CSD. The latter is beneficial to increase aperture or field of view or deploy antennas or solar arrays. The
payload can remain electrically connected to the host via a flexible harness.

The simplified CAD models of the CSD show the location of these attachment holes on the Ejection Plate.

Geostationary
Satellite

6U Payload remains
attached to CSD

Aft end of
Ejection Plate

CSD sectioned
for clarity

Figure 22-2: Payload permanently faste

ned to CSD's Ejection Plate via 4X .112-40 SHC screws
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Figure 22-3 and Figure 22-4 detail the mounting holes to permanently attach a payload to the CSD.

1) Thru holes: Secure payload to Ejection Plate by installing .112-40 UNC fasteners from aft side of Ejection Plate. Upon initiation the CSD’s door
will open and the Ejection Plate will deploy. The payload will protrude from the CSD but remain fastened to the Ejection Plate. A flexible
umbilical could maintain electrical connection to the LV.

2) Threaded holes: Attach the payload to the CSD via the .112-40 UNC holes. The threaded holes are part of the CSD -Z structure (Back Plate).
Upon initiation the CSD’s door will open but the payload will not move. The payload will remain inside the CSD and the Separation Connector
will remain mated.

Dimensions relative to Payload origin (see 2002367).
Ejection Plate is .06 thick.

Threaded:
4-40 UNC 7T .25 min on Back Plate.
Concentric ¢ .125 hole in Ejection Plate.

Thru:
@ .125 hole in Ejection Plate. +YCsSD

Allholes []¢ 015]

threaded
-3X [3.672
2X [3.600

—— +XCsD

Figure 22-3: Payload mounting holes to CSD Ejection Plate or Back Plate, 6U
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Dimensions relative to Payload Origin (see 2002367).

4263
3.800
0
3.800
4263

threaded

3X [8.124
Ejection Plate is .06 thick. 2% |8.052
Threaded:
4-40 UNC T .25 min on Back Plate.
Concentric ¢ 125 hole in Ejection Plate.
Thru: @125 hole in Ejection Plate.
All Holes [[# 015
threaded
2x
2x [155]
0
+XPL
> +XCsD

Figure 22-4: Payload mounting holes to CSD Ejection Plate or Back Plate, 12U
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23. REDUCING DYNAMIC LOADING ON PAYLOAD

The CSD rigidly grips the payload’s tabs, creating a direct load path from the launch vehicle to the payload. To reduce these potentially harmful LV
induced vibratory and shock loads the use of an isolation system is strongly recommended. PSC has tested several isolation systems. These include
commercial isolators as well as spaceflight specific isolators from MOOG CSA Engineering. All isolators tested to date drastically reduced the
random vibration response and shock acceleration. The substantial benefits to the payload include increased allowable payload mass and reduced
fatigue loading of sensitive components. PSC does not offer an isolation system as a product. The figures below show the significant reduction in
loading during random vibration and shock testing.

1.0E+02
27.5 grms Non-Isolated
1.0E+01 Payload Response |
1.0E+00
. 1.0E-01 - L e
N
L
a 1.0E-02 ’
7]
) )\« V
1.0E-03 i

4.7 grms Isolated \\ ﬁ

1.0E-04
Payload Response w l
1.0E-05
1.0E-06 i i |
10 100 1,000 10,000
Frequency [Hz]

Figure 23-1: Isolation system benefits during random vibration testing

ShockWave
Isolators
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. . Input Shock
10,000 Effect of isolation (from launch
vehicle)
B 1,000
c
2 =100 x reduction!
%
< 100
100 1,000 10,000 Shock at CSD
Frequency [Hz] (after Isolation)

Figure 23-3: Isolation benefits during shock testing

POPACS
3U CsSD

Figure 23-4: COTS isolators used on POPACS mission
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24, CSD APPLICATIONS

2002337F

Interface plate

6U CSD cantilevered off
interface plate between
ESPA and 15inch
Lightband.

6U Payload

. Four 12U

By fastening the
CSDsto each

other the need for
additional structure
is eliminated.

Figure 24-2: CSDs mounted to ESPA Grande
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Figure 24-4: Four 12U CSDs on aft of stage
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CSDs can dispense hosted payloads from large spacecraft. The separation connector enables trickle charging, thermal control and state-of-health
telemetry for days, months, or years.

=

To Moon,
Mars, etc.

Figure 24-5: CSDs as hosted payloads
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Figure 24-6: Sixteen 6U CSDs mounted underneath primary payload

v, T (470

i Minotaur
D
2 ®45.4
/ Pegasus XL

Figure 24-7: CSDs on plate with 15 inch Lightband
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The CSD can be used as a sequencer to initiate multiple CSDs via a single LV signal. The sequencer ‘payload’ contains all batteries and electronics
thereby reducing the burden on the LV and facilitating launch opportunities. It can also contain a camera to record the separation events.

Door opens
to expose
camera

Payload is an aluminum tab plate with:

- Sequencer
- Batteries
- Camera Sequencer remains in CSD
- Connectors to other payloads / (does not dispense itself)
- Separation connector

to LV

ESPA Grande

o

ol

Sequencer in
3UCsD

Figure 24-8: Using the CSD as a payload launch sequencer

International Space
Station (ISS)
Manipulator Arm

s~ Grapple Release Mechanism
(GRM)

Interface Plate

Figure 24-9: ISS manipulator arm dispensing six 6U payloads

6U CSD

6U Payload
(Satellite)

Figure 24-10: 3D printed payload dispensing from 6U CSD
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The CSD can accommodate multi-piece payloads. Each discrete payload remains rigidly clamped via the tabs. The payloads need not occupy the
entire length of the CSD (requires a custom matched CSD).

Multi-Piece Payload

Figure 24-11: A single CSD can dispense multiple payloads (ref. 2, 6)

Figure 24-12: Multiple payloads in a CSD
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The ability to mount CSDs to any face maximizes launch opportunities and simplifies integration. Figure 24-13 demonstrates the ability to mount
CSD’s to each other to maximize LV packaging density. Notice the open doors do not interfere with adjacent CSDs ability to deploy.

Figure 24-14: CSD mounted via =Y and +Y faces
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2002337F

Test Plan: 027 yot o
5002636 Rev - Cat <! 2

Figure 24-15: CSD mounted via -X and +3(\ faces

Test PN v
2002636 Re
yNo
o ASSY
estem ASSY G
T oo0Tas R

TEST PLAN: 2003031-

TESTITEM ASSY:
4000746A 12U CSD
SN: 08 (Qual)

Configuration M_

Date: 19Ty / 17
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The CSD can accommodate existing CubeSats. Fastening custom tabs to an existing CubeSat allows for seamless integration into the CSD (see
Figure 24-18 ). PSC does not sell these custom tabs.

Existing 3U CubeSat
with corner rails

3U CubeSat with bolt-on tabs fits
within allowable pavload volume.

Press-in
Nut

Flat Head
Screw

Figure 24-18: 3U CubeSat with bolt-on tabs

A Lightband separation system can be used in lieu of a CSD when the size of the payload renders canisterization impractical or the payload exceeds
the allowable CSD volume.

Figure 24-19: An 8 inch diameter Lightband used to separate a 12U payload
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The CSD’s flat external surfaces and numerous mounting holes simplify addition of auxiliary features like thermal blankets, radiation shielding,
redundant door restraint, solar cells, video cameras, etc.

Thermal Shield

.‘igure 24-20: CSDs easily accept bolt-on vibration and thermal isolation

Camera
to record
dispensing

Figure 24-21: Adding auxiliary equipment to the CSD
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25. TEST SUPPORT EQUIPMENT

PSC is pleased to share the Information in this section for purposes of edification. This Information and associated equipment are not supported by
PSC. PSC makes no warranty or representation (express or implied, statutory or otherwise) as to the accuracy or completeness of any Information
disclosed in this section. PSC shall have no liability to the Receiving Party or any of its Representatives or any third party arising from the use by the
Receiving Party of the Information provided in this section.

Payload Separation Conveyor

Verifying full separation of the payload from the CSD is the only way to develop complete confidence in proper operation. For all testing PSC
employs a custom conveyor mechanism that allows the payload to fully eject by rolling on ball bearings. This is not available for sale but PSC can
provide a CAD model of the components from which the customer can design and manufacture their own.

. il L o
Figure 25-1: Four CSDs dispensing payloads onto conveyors in TVAC

Payload Vibration Fixture

Component level vibration testing of the payload prior to delivery of the CSD is often desired. The figures below show a means of simulating the
CSD’s interface to the payload tabs. Some customers have successfully used this fixture design but PSC has never built or tested it. PSC does not
offer this for sale or provide production drawings. A solid model is available upon request.

/ Payload

Clamp System, 2X

End Blocks % Vibe Plate Interface

Figure 25-2: Vibration clamp overview
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The top and bottom clamps should be aluminum alloy 6061-T6 with surface finish electroless nickel per ASTM B733-15, type IV. The preload
(clamping normal force) shall be approximately 4,000 Ibf per tab (8,000 Ibf total).

Preload Screws

Aligning Washers

Top Clamp

Vibe Plate Interface

Figure 25-3: Clamp section view

Figure 25-4: Contact details (dimensions in inches)
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26. SPECIFYING AND ORDERING

When ordering a CSD specify the exact configuration using the following system. Mounting the CSD via the -Y face is standard. Mounting via the -Z
face is also common but may increase cost. Mounting via any other face is considered custom and may incur additional cost and lead time.

Example: 6U-FLT-2-SC-neg¥
L—> Mounting Face to launch vehicle
(only necessary for FLT)
negY: -Y face (default)
negZ: -Z face
other: +Y, +X, -X or +Z are custom, contact
PSC before ordering

L Separation Electrical Connector
NA: None (default for EDU)
SC: Qty. 1 (default for FLT)

L~ Ejection Spring Qty.
1: 3U (default)
2: 3U, 6U (default) or 12U (default)
4:6U or 12U
L EndUse
FLT: Flight
EDU: Engineering Development Unit
> Size
3uU
B6U
12U

A Separation Electrical Connector is included for free with flight CSDs. For EDUs there is an additional cost.

EDUs will be indelibly marked “NOT FOR FLIGHT”.

27. TYPICAL LEAD TIME
The typical lead-time for a standard (non-custom) CSD is 9 months. Table 27-1 breaks out the schedule tasks by month. An accelerated lead-time
may be possible at additional cost.

Table 27-1: Lead time for standard CSDs
Time, ARO [Months]

Procure Components

Inspect and Assemble
Test Readiness Review

Environmental Testing
Ship

28. COST

For the most up to date prices please contact PSC directly. Due to the time savings and reliability inherent to the CSD, the total cost of ownership is
lower than comparable dispensers. A payload can be deployed from the CSD, re-loaded, and ready for another deployment in a matter of minutes,

greatly reducing the time and cost per operation during test. Further, the CSD easily interfaces to adjoining structures greatly reducing the time and
cost of integration.

Table 28-1: CSD benéefits

Other

Item Dispensers

Verify full separation (ejection) of the payload from the dispenser during test.

Quickly reset initiator after TVAC test without refurbishment.

Quickly reset initiator after vibration test without refurbishment.

Eliminate need for adapter plate or access to bottom of dispenser during integration.

Remove/swap satellites from dispenser after installation on LV without disturbing stack or refurbing initiator.
Package dispensers densely and/or stack them to maximize revenue per launch dollar.

Safe/arm satellite via door on densely packed LV where there is no access to sides of dispenser.

Predict failure modes, like fatigue, via accurate dynamic modeling prior to build, test and launch.

SN ENENANENENANENt#

29. TRAINING

Training is required prior to installing a payload, operating the CSD or integrating. Failure to obtain training prior to this will void the warranty.
Training is offered at PSC with the purchase of a CSD.
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30. RELIABILITY

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

Table 30-1: Minimum reliability and corresponding confidence level

Table 30-1 was calculated using Table 22.4 of Space Vehicle Mechanisms by Peter L. Conley given approximately 1,000 no failure tests. CSDs
have cumulatively been operated more than 3,000 times during production, testing and flight operations. There have been no failures to operate in
testing at published environments.

Prior to spaceflight, each CSD is separated numerous times to verify operability. These include operations conducted during acceptance testing by
PSC and additional operations performed by the customer. As shown in Table 30-2, the CSD allows the user to verify operation multiple times
before flight. Further, the CSD is the only dispenser that enables complete separation of the payload during ground testing. This is essential for
verifying total functionality. Only allowing the door to open does not fully verify the dispenser.

Competing
Dispensers

Typical quantity of
operations on non- <1 217
refurbished flight unit

Table 30-2: Comparison of dispenser operations before launch

PSC tests development and qualification units to examine reliability limits and inform the allowable limits of CSDs in ground test and space flight. A
typical qualification campaign will result in more than 100 separation tests on a single CSD. In fact the three current qualification CSDs each have
over 300 operations. The initiation electrical telemetry for every operation is recorded on PSC’s data acquisition systems.

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

Maximum reliability of the CSD can be attained by minimizing the power conducted into the CSD and the number of cycles. Specifically, minimize
applied voltage levels as higher voltages will put more power into the mechanism. More power increases stresses to the initiator components.
Minimizing durations is also beneficial as it reduces unnecessary cycles on the mechanism.

PSC constantly advances the CSD technology to increase reliability during ground test and in flight. By building and testing several CSDs per
month, PSC engineers are made aware of trends that may compromise reliability.
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31. FAILURE MODES AND EFFECTS ANALYSIS

A detailed failure modes and effects analysis (FMEA) has been performed for the CSD in PSC document 2003138. Contact PSC for more info. The
CSD'’s reusability enables significant testing and the accumulation of thousands of operations to expose design weaknesses which can then be
corrected. These operations are several orders of magnitude greater than competing dispensers. Obtaining this amount of knowledge with other
technologies would be prohibitively expensive and time consuming.

Further, PSC has simulated failures by purposely removing or damaging components and operating to examine the affect. Table 31-1 summarizes
the failures simulated in a 12U CSD (PSC test 2003198-). All operations were performed in PSC’s thermal vacuum chamber at pressure <1.0E-4
Torr.

Table 31-1: 12U CSD failure simulations

Door |Preload Stick Latch Preload | FOD in
Torsion |Compression| Two Ejection | Extension| Stick Linear Complete
Spring Spring Springs Spring |Bearings| Way (Temp.| Payload
Cfg.| Op. |[Removed?| Removed? Removed? |Removed?| Seized? |Bearing?| [°C] | Separation?
1 Yes Yes Yes . Yes No No 20 Yes
(asymmetric)
2 Yes Yes ves . Yes No No -45 Yes
A (asymmetric)
Yes
3 Yes Yes (asymmetric) Yes No No 75 Yes
4 Yes Yes ves . Yes No No 20 Yes
(asymmetric)
Yes
5 Yes Yes (asymmetric) Yes Yes No 20 Yes
B1 v
6 Yes Yes es Yes Yes No -45 No (1)
(asymmetric)
7 Yes Yes Yes Yes No Yes 20 Yes
B2 8 Yes Yes Yes Yes No Yes -45 Yes
9 Yes Yes Yes Yes No Yes 75 Yes
10 Yes Yes Yes Yes No Yes 20 Yes

1) Shims (used to seize the Preload Stick bearings) loosened and stopped the payload midway through ejection.

32. STORAGE REQUIREMENTS

Store the CSD in a sealed enclosure in relative humidity of less than 95% (non-condensing) at temperatures from 0 to 50°C. PSC should be
contacted prior to operation if any of the maximum allowable storage durations are exceeded.

Table 32-1: CSD allowable storage duration

CSD State Max. Allowable Storage
Duration [yrs]
No Payload 5
Payload Installed 1
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33. TIPS AND CONSIDERATIONS

1) The ejection spring force is often much less than the payload weight. Installing a removable handle to the payload’s +Z face aides vertical
installation of the payload into the CSD.

2) When deploying horizontally in 1g the payload will fall during ejection. This will damage the payload’s tabs as high forces are created near end
of travel due to reaction of gravity induced moments. To avoid damage either guide the payload on rollers (conveyor) or prematurely stop it >3
inches early and then remove by hand.

3) As mentioned in section 22, the CSD Ejection Plate has a few small holes to assist hosted payloads. Obtain a CAD model of the CSD to ensure
these holes do not interfere with the payload’s inhibit switch locations.

4) CSD magnetic fields:

i. The CSD contains a small rare-earth magnet motor directly behind the Ejection Plate. The strength of the magnetic field is unknown.
ii. The CSD is comprised primarily of electroless nickel coated aluminum. The phosphorus content is typically 5 to 9% and therefore the
coercivity is likely <30 Oe. See Ref. 14

5) The CSD has numerous .190-32 UNF threaded holes on the exterior surface that can be used to attach auxiliary features. They can also be

used to attach lifting hardware. For example AN42B lifting bolts can easily thread into the CSD.

Figure 33-1: AN42B eyebolt

Figure 33-2: 12U CSD with eyebolts threaded in to corner rails for lifting
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35. CAD AND FINITE ELEMENT MODELS

Simplified CAD models of the CSD, in STEP format, are available at www.planetarysys.com. Finite element models (FEMs) are available by
contacting info@planetarysystemscorp.com .
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ADDITIONAL INFORMATION

Verify this is the latest revision of the specification by visiting www.planetarysys.com. Please contact info@planetarysystemscorp.com with
questions or comments. Feedback is welcome in order to realize the full potential of this technology.

PSC does not design or manufacture payloads.
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38. REVISION HISTORY

Revision Release Date | Created By | Reviewed By
- 25-Jul-2012 RH WH
A 6-Aug-2013 RH WH
B 21-Jul-2014 RH WH
C 3-Aug-2015 HM WH
D 4-Aug-2016 RH WH
E 4-Aug-2017 RH WH
F 3-Aug-2018 RH WH
Changes from previous revision:
Section Changes
All Changed document orientation from landscape to portrait and removed columns.
Reordered several sections.
Cover Reworded some features and benefits
Page
Table 4-1: Added Doc. Section column. Inertia symbols changed from | to MOI.
4 Removed Payload Ejection Energy, E. Added Qty. of Ejection Springs, S. Changed
DP to DA. Removed payload velocity equation note. Added note 5.
5 Added 12U bowing note.
Figure 5-1: Added datums and surface profile.
6 Figure 7-2: Added.
8 Added powered duration and emulating CSD notes.
9 Added.
10 Added.
11 Figure 11-2: Added.
Added details on testing and sub sections.
Figure 12-1: Added.
Figure 12-2: Added
12 Figure 12-4: added.
Figure 12-5: Updated.
Figure 12-6: Added lower tolerance.
Figure 12-8: Added.
Removed several old figures.
Added (used to be part of Testing section).
13 Figure 13-1: Updated with 12U.
Figure 13-2: Updated with new data.
Figure 13-3: Added.
15 Added temperature and separation test results.
Figure 15-2 to Figure 15-4: Added.
16 Added.
17 Reworded heading.
18 Removed GSA reference. Added detail on separation.
22 Added.
2 Reworded heading.
Figure 24-20: updated screw locations.
25 Added legalese.
Vibe Fixture: Corrected nickel specification and removed hard anodize.
28 Table 28-1: Added rows and removed ‘X’s.
30 Added.
31 Added.
Removed door bounce (now its own section).
33 Figure 33-1: Added.
Figure 33-2: Added.
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