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1. Introduction

1.1 Purpose

This document supports the delivery of the RAFT and MARScom Picosats for mission STS-116.  

1.2 Points of Contact

The RAFT pair of picosats (RAFT and MARScom) were designed and developed by Students, Faclutly and Staff at the US Naval Academy in Annapolis, Maryland.  The Naval Academy Small Satelite Program maintains overall responsibility for the RAFT and MARScom mechanical systems verification and for delivering supporting data to NASA.  Contact information for the RAFT and MARScom picosats at the US Naval Academy is provided in Table 1.  

Table 1.  RAFT and MARScom Project  points of contact 

	Position
	Name
	Organization
	Phone

E-mail

	RAFT/MARScom
Program Manager
	Robert Bruninga
	USNA
	410-293-6417
bruninga@usna.edu

	RAFT
Payload Manager
	Carson Taylor
	Oceaneering
	(281) 483-3491
Carson.a.taylor@nasa.gov


1.3 Applicable Documents

2. RAFT Description and Operational Scenario

The Radar Fence Transponder (RAFT) experiment is a student project from the United States Naval Academy.  The primary mission of RAFT is to provide the Navy Space Surveillance (NSSS) radar fence with a means to determine the bounds of a constellation of picosats otherwise undetectable to the radar fence, and to enable NSSS to independently calibrate their transmit and receive beams using signals from RAFT.  

This will be accomplished with two picosats: one that will actively transmit and receive, and one with a passively augmented radar cross-section.  Additionally, RAFT will provide experimental communications transponders for both the Amateur Satellite Service and the Navy Military Affiliate Radio System and the USNA Yard Patrol (student) Craft.

The RAFT picosat experiment consists of two nearly identical picosats: RAFT1 and MARSCOM.  The primary difference between the two RAFT picosats is the communications requirements.  Radar Fence Transponder 1 (RAFT1) will actively detect the NSSS fence frequency and re-transmit it to both the USNA and the NSSS.  Military Affiliate Radio System communications (MARScom) will have a radar cross-section specifically designed to allow it to be passively detected by the NSSS radar fence. 
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In addition to the primary Radar Fence objective, both picosats have secondary objectives.  RAFT1 will carry a communications payload that will allow multi-user access by the Amateur Satellite Service. The MARScom picosat will carry a communications payload that provides multi-user voice and data access to the Navy MARS system and the United States Naval Academy’s Yard Patrol (student) craft. 

Each of the two RAFT picosat assemblies include rigid whip antennas, electronics sub-system, a solar-cell and rechargeable battery power system, and a wire whip antenna spool.  Figure 3.1-1 shows a conception of the RAFT picosats.

3. Shipper

The following items were shipped to KSC for the STS-116 mission.  

Table 2.  Shipping List

	Part Number
	Serial
	Part Name
	Class
	Description

	USNA-RM1


	001


	Sat Assembly


	1
	Both RAFT/MARScom mated together

Consisting of the following items:

	  USNA-R01
	001
	RAFT1
	1
	The RAFT 5" cube satellite

	  USNA-R02
	001
	MARScom
	1
	The MARScomm 5" cube satellite

	  USNA-R03a
	001
	Wood Tray
	1
	Bottom wood tray

	  USNA-R03b
	001
	Wood Tray
	1
	Top wood tray

	  USNA-R03c
	001/002
	Straps (2)
	1
	Used to secure the two tray halves

	  USNA-R03
	001
	Container
	1
	Specialized fiberglass case

	  USNA-R03d
	001
	Packing
	1
	Packing material (as needed)

	  USNA-R04e
	001
	Windup Tool
	1
	For winding up the antenna

	  USNA-R04f
	001/002
	Magnet Strap (2)
	1
	For holding magnets during assembly

	  USNA-R04q
	001/002
	Sep Sw Hold Off
	1
	For holding separation switch closed

	  USNA-R04jj
	001
	Retrieval Magnet
	1
	For retrieving an HF tip magnet

	
	
	
	
	


	Part Number
	Serial
	Part Name
	Class
	Description

	USNA-R05
	001
	Mating Assembly
	1
	For sliding satellites together


The following additional items of GSE are being hand-carried to KSC for the integration and test evolution.

	Part Number
	Serial
	Part Name
	Description

	
	
	
	

	  USNA-R04a
	001
	Test Set
	RAFT test set with attached test cable

	  USNA-R04b
	001
	Power Supply
	Charging power supply

	  USNA-R04c
	001
	Laptop
	With RAFT Test software

	  USNA-R04d
	001
	Floppy Disk
	With backup copy of test software

	  USNA-R04g
	001/002
	Multimeter (2)
	For measuring charge current

	  USNA-R04h
	001/002
	Test Lead (2)
	Red bananna test lead

	  USNA-R04i
	001/002
	Test Lead (2)
	Black bananna test lead

	  USNA-R04j
	001
	Speaker
	For test set monitoring

	  USNA-R04k
	001
	Jack Tool wide
	For removing internal harness sockets

	  USNA-R04m
	001
	Jack Tool thin
	For removing internal harness sockets

	  USNA-R04n
	001
	Tuning tool (slot)
	For tuning capacitors

	  USNA-R04p
	001
	Tuning tool (square)
	For tuning coils

	  USNA-R04o
	001
	Assembly Jig
	For support during side panel assembly


4. As-Built Configuration list

The RAFT flight system consists of only two items.  These two units are mated together into the flight configuration and inserted into the SSPL 5510 Launcher:

USNA-R01 the RAT1 Picosat

USNA-R02 the MARScom Picosat

5. Waivers and deviations

Table 3.  Waivers and Deviations

	Item 
	Description

	
	None

	
	


6. Non-Conformances 

Table 4.  Non-Conformances

	Item 
	Description

	
	None

	
	


7. temporary installations and removals

Table 5.  Temporary Installations and Removals

	Item 
	Description

	
	None

	
	


8. Limited Life and Age Sensitive Items

Table 6.  Limited Life and Age Sensitive Items

	Item 
	Description

	RAFT Battery
	Battery charge is desired once every 120 days

	MARScom Battery
	Battery charge is desired once every 120 days


9. Historical Log and Notes

Table 7.  Historical Log and Notes

	Date
	Log Entry or Note
	Initials

	25 Jan 06
	Completed Spacecraft and EMI Leakage Test
	

	26 Jan 06
	RAFT/MARScom delivered to Oceaneering for VIB Testing
	

	3 Feb 06
	Vibration Tests at JSC
	

	9 Feb 06
	RAFT/MARScom shipped to USNA
	

	16 May 06
	Completed Thermal and Vacuum Testing at USNA
	

	10 July 06
	Shipped to KSC for Integration and test
	

	17 July 06
	Preflight Functional Test
	

	
	
	

	
	
	

	
	
	

	
	
	


10. Weight and Balance Data

RAFT   mass:

3832 grams

MARScom   mass:
3064 grams

	Axis
	CG (in)
	Net CG from Satellite center

	CG +x
	2.53
	+.03"
	
	 

	CG +y
	2.61
	+.11"
	
	 

	CG +z
	2.496
	-.004"
	 
	 


Table 10-1:  MARScom Center of Gravity Location

	Axis
	CG (in)
	Net CG from Satellite center

	CG +x
	2.53
	+.03"
	
	 

	CG +y
	2.53
	+.03"
	
	 

	CG +z
	2.53
	+.03"
	 
	 


Table  10-2:  RAFT Center of Gravity Location

Using the center of gravity data and the masses and dimensions of each piece, it was possible to calculate the overall mass moment of inertia of the satellite.

	15156.28
	-857.92
	0.00

	-857.92
	13834.09
	0.00

	0.00
	0.00
	14904.30


Table 10-3:  MARScom Mass Moment of Inertia (g-in2)

	14659.40
	-847.35
	0.00

	-847.35
	13388.83
	0.00

	0.00
	0.00
	14411.62


Table  10-4:  RAFT Mass Moment of Inertia (g-in2)

11. Record of Open and Deferred Work

Table 8.  Open and Deferred Work

	Item number
	Assigned date
	Description
	Status

	
	
	None
	

	
	
	
	


12. Material Data

The spread sheet file, ADP-RAFT Material Data.xls, last updated on 1/5/2006 lists all the materials used in the RAFT and MARScom picosatellites.  This spread sheet is on file with STP.
13. Procedures

The procedures  at KSC are listed below

	Procedure
	
	KSC Procedures

	Receive and Inspect RAFT and MARScom Picosats and GSE
	
	X

	Charge RAFT/MARScom batteries
	
	X

	Functional Test of RAFT and MARScom 
	
	X

	RF Functional Test of RAFT and MARScom
	
	X

	Closeout
	
	X


14. Acceptance Test Data

The reports for the following tests are located in the Appendices noted.  These are all acceptance tests performed on flight hardware.

14.1 RAFT Acceptance Vibration

The RAFT Vibration Acceptance Test report was conducted at JSC with the picosats inside the STP provided launcher.  The test report is on file with STP.  This test verified the workmanship of RAFT and MARScom for STS-116 at ___ RMS.  It further verifies that the RAFT and MARScom picosats will function following liftoff loads.  Functional tests are performed before and after this test.

14.2 RAFT Acceptance Environmental Testing
RAFT Thermal and Vacuum testing was conduced at the US Naval Academy from 8 to 16 May 2006.  The test report USNA-TR-USNA006 rev-0 dated 18 May is on file with STP.  This test verified the workmanship of the RAFT and MARScom picosats.  Functional tests were performed several times during this test.

14.3 RAFT Acceptance Functional

This test is done many times during the testing of the pico-satellites.  

14.4 RAFT Acceptance EMI Test
The report for this special test is USNA-TR-USNA007 rev-0 dated 9 Feb 2006 is on file with STP.  This test verified that the emissions from the nested and mated pair of RAFT and MARScom picosats in their launch configuration are more than 30 dB below the RF emissions thresholds for NASA safety requiremnts.
.

15.  AppendiX

15.1 PROCEDURE:  Receive and Inspect RAFT and MARScom  and GSE

	Step
	Operation
	Eng
	Witness/  QA
	Date

	15.1-1
	Remove Picosats from shipping container(s)
	
	
	

	15.1-2
	Place on work table
	
	
	

	15.1-3
	Remove wooden carrying box and de-mate spacecraft.
	
	
	

	15.1-4
	Remove GSE equipment from shipping container
	
	
	

	15.1-5
	Visually inspect the containers for damage
	
	
	

	15.1-6
	Visually inspect GSE equipment for damage 
	
	
	

	15.1-7
	Store boxes and tools: general lab clean-up
	
	
	

	
	
	
	
	


15.2 PROCEDURE:  Perform Functional Test on RAFT and MARScom Picosats
Connect the power supply and GSE umbillicals to both spacecraft in accordance with the Payload Bay Charging plan USNA-CP-R001 rev 1 dated 12 July 2006.  Charge the spacecraft until charging currents taper to under 250 mA total for both spacecraft.
	Step
	Operation
	Eng
	Witness/  QA
	Date

	15.2-1
	Activate power supply and record initial charge currents
	
	
	

	15.2-2
	Measure test set voltage and when it gets to 8.4 volts +/- .1 volt, then proceed with Functional Tests
	
	
	

	15.2-3
	Conduct functional tests of RAFT and MARScom
	
	
	

	15.2-4
	Leave RAFT and MARScom connected to powersupply and GSE test set for charging for up to 4 hours or until current tapers to under 250 mA total for both Picosats.
	
	
	

	15.2-5
	Disconnect the GSE umbillical and conduct RAFT and MARScom RF Functional tests.
	
	
	

	15.2-6
	Remate RAFT and MARScom and place in their wooden carrying case, or load into SSPL launcher
	
	
	

	15.2-16
	Move Picosats and GSE to a safe location
	
	
	


15.3 PROCEDURE:  Verify RAFT and MARScom RF Links
This test is a full-up flight configuration RF test without any GSE connections to the spacecraft.  The RAFT and MARScom picosats are upright with antennas up and HF whips deployed and held upright with suitable insulated structure as required.
	Step
	Operation
	Eng
	Witness/  QA
	Date

	15.3-1
	Set RAFT and MARScom upright with antennas up on an insulated non-conducting table with minimum surounding or supporting metal structure
	
	
	

	15.3-2
	Deploy the HF whip antennas on both picosats by pulling them out with the metal winding tool.  Tape the antennas to a supporting insulating stick or other insulating structure approximately vertical.
	
	
	

	15.3-3
	Perform a Fnctional Test using only the GSE RF test set while observing the transmitted emissions on a spectrum analyzer to confirm clean signals without spurious radiation.
	
	
	

	15.3-4
	Complete and document the test.  Insert the SEP-SW hold-off devices to shut down the picosats.
	
	
	

	15.3-5
	Using the HF winding tool, rewind the HF wire antennas on both picosats.
	
	
	

	15.3-6
	Cover the seated HF wire antennas with the provided HF wire holding tabs and temporarily tape in place. 
	
	
	

	15.3-7
	The picosats are now ready for mating and insertion into the SSPL-5510 launcher.
	
	
	

	15.3-39
	Store PICOSATs in safe location 
	
	
	

	15.11-7
	Closeout all paperwork
	
	
	


Acronyms 

	C&DH
	Command and Data Handling Subsystem

	CG
	Center of Gravity

	DFMR
	Design for Minimum Risk

	EMS
	Electromechanical System

	EPS
	Electric Power Subsystem

	ETU
	Engineering test unit

	FCP
	Fracture Control Plan

	FEA
	Finite Element Analysis

	GPS
	Global Positioning System

	GSE
	Ground Support Equipment

	MARScom
	Military Affilliate Radio System (MARS) Communications Picosatellite

	MEMS
	Micro-Electro-Mechanical-Systems

	MSVP
	Mechanical Systems Verification Plan

	NASA
	National Aeronautics and Space Administration

	PICOSAT
	A 3 Kg class miniature satellite

	PLA or PL
	PICOSAT Launcher Assembly 

	PSD
	PICO-PICO Separation Defeat

	RAFT
	Radar Fence Transponder Picosat

	SCC
	Stress Corrosion Cracking

	SMC
	Space and Missiles Center

	STP
	Space Test Program

	SVP
	Structural Verification Plan

	SVR
	Structural Verification Report


Figure 1.  RAFT /Marscom assembly in launcher
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