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Acronyms and Abbreviations

ISS
International Space Station

cmd:
Command prompt of TNC

AMSAT
Amateur Satellite Organization

ITU
International Telecom Union

IARU
International Amateur Radio Union

TNC
Terminal Node Controller

CPU
Central Processing Unit

RAFT
Radar Fence Transponder

MARScom
Military Affiliate Radio System communications

NSSS
Naval Space Surveillance System 

NMARS
MARScom callsign (Navy MARS)

Introduction:

This Pre-Launch Charging Plan describes the procedures used to charge the RAFT (Radar Fence Transponder) and MARScom (Military Affiliate Radio System communication) satellites while in the Shuttle payload bay.  

RAFT1:  RAFT1 provides a picosat with an on-board transponder capable of identifying itself via the NSSS satellite Radar Tracking system, in turn providing a means to track picosat clusters.  RAFT has a separate 217 MHz transmitter and receiver to assist the calibration tests of the separate NSSS transmit and receive antenna beams.

MARScom:  The mission of MARScom is to explore and demonstrate a very low cost yet viable communications capability for education and training of both Midshipmen and the large numbers of Navy Marine Corps communications cadre personnel.

RAFT and MARScom are housed in 5” cubes that will be deployed from NASA mission STS-116 from the SSPL-5510 Launcher.
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Figure 1-1. RAFT1 and MARScom Satellite

1.1 System  OPERATIONS

The RAFT will be operated by the primary ground station located in Annapolis, Maryland with participating ground stations around the world assisting in collection of downlink telemetry (table 1-2).  Operations of RAFT will consist of telemetry collection and commanding necessary to assure the safety and proper operations of the spacecraft.  Further the primary mission is operation of the radar fence transponder during passes over the NSSS radar fence.  When battery power permits, routine amateur radio operations and MARS communications will be enabled.

1.2 OPERATING Modes
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1.2.1 RAFT modes:



MARScom Modes: 


TELEMETRY MODE


TELEMETRY MODE
PACKET TRANSPONDER MODE
PACKET TRANSPONDER MODE
PSK-31 TRANSPONDER MODE

VOICE RELAY MODE
PACKET/ VOICE/ TRANSPONDER
SAR MONITOR MODE
XP217 RADAR FENCE MODE
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1.3 Participation

Personnel responsible for the RAFT1 and MARScom Operations are listed in Table 1-1.

Table 0‑1.  RAFT/MARScom Test Personnel

	Name
	Organization
	Role/Responsibility
	Contact Information

	CDR Robert

    Bruninga, USN (ret)
	USNA
	RF Engineer
	410.293.6417

bruninga@usna.edu

	Benjamin S. Orloff

Eric S. Kinzbrunner

JoEllen E. Rose

Steven R. Schwarzer
	USNA Class of 2005
	Design/development
	

	
	
	IT development
	

	James R. Paquette

Jeffrey F. Robeson
	USNA Class of 2006
	Integration/test
	410.353.3597

m065112@usna.edu
253.315.4810

m065730@usna.edu



2. Space Shuttle RAD HAZ Considerations

The RAFT transmitters in their pre-deploy configuration are safe.  What keeps the RAFT satellites in this "safe" condition is the SSPL 5510 Launcher Deployment circuits which satisfy the 3 inhibit rule with monitoring.

The RAFT transmitters operate below 4 Watts and are at least 9 dB over the emission level considered to be a catastrophic hazard to the Space Shuttle if they begin transmitting in the payload bay with their normal operational antennas.  Using the unpowered bus exception to the safety requirements, this would require four inhibits to prevent unsafe transmission.

2.1.  PRE-DEPLOY CONFIGURATION:

The two RAFT satellites, however, are fully enclosed in the SSPL 5510 launcher assembly and in addition, the deployable antennas of each of the two RAFT spacecraft are housed in shielded sleeves on the opposite spacecraft thus attenuating any effective radiation from the antennas and thirdly, being spring-plunger deployed, the antennas are about one third of their effective  matched and tuned final length.  The only emissions possible in this pre-deployment configuration is leakage and these levels should be orders of magnitude below the hazard level.

2.2.  Flight Unit RAD HAZ Testing

The radiation test was conducted on the flight units on 25 Jan 2006 and the results are shown in figure 2-3.  The effective shielding measured in the 8 cardinal directions was -30 dB +/- 3 dB down compared to the deployed configuration of the actual 2 Watt transmitter.  This is 20 dB or more below the RADHAZ level requirement.
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Figure 2‑1.  Configuration for RAD HAZ Flight unit Testing

2.3.   RAFT OPERATING FREQUENCIES

The following tables show all RAFT and MARScom operating frequencies.

Table 2‑1.  RAFT Frequencies
	Frequency
	TX
	RX
	Comments

	145.825 MHz
	X
	X
	Packet transponder Telemetry

	216.980 MHz
	X
	X
	Radar Fence

	28.122 MHz
	
	X
	PSK-31 Transponder Uplink


Table 2‑2.  MARSCOM Frequencies 

	Frequency
	Uplink
	Downlink
	Comments

	27.9635 MHz
	
	X
	HF downlink

	148.975 MHz
	X
	
	VHF Uplink

	123.1 MHz
	X
	
	VHF Am SAR monitor
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Figure 3-1.  Typical Functional/Operational Test Equipment Configuration

3. Payload Bay Charging 
Charging is accomplished using the equipment shown in Figure 3.1 consisting of a regulated and current limited power supply, a test set with GSE cable to the spacecraft and a laptop for telemetry monitoring.  One of two multimeters is also shown that are used to individually monitor the current going into each spacecraft.  For portability, the actual power supply used will be a small lap-top power supply at 15 VDC regulated and current limited down to 8.6 volts at 1 amp.
 3.1  Test Set Configuration

-  Set all Test Set switches down

-  Connect test set red and black leads to bench power supply and set for 8.55 Volts

-  Alternately connect the 15 VDC Liteon power supply into the test-set external power connector

-  Connect serial port cable to laptop and Run USNA-GSE.exe on desktop

-  Enter password “lmur”.  Then ENTER.  Then hit  Alt-S-Usage RAFT  (hit “alt-S U R”)

-  Connect satellite ends of cables to EPS Load tester.

-  Set Charge RAFT and Charge MARScom switches up.

-  If needed, adjust power supply to provide ~1 Amp (+/-.1) and voltage of 8.55v (+/- .1v)
-  If more than about 1 minute is needed, then disconnect the supply for 1 minute cool-down and repeat

- Set all switches down.

- Disconnect Load tester

4. Payload Bay Charging  Procedures for RAFT1/MARScom
As shown below in figure 4.1, the current from the regulated bench 8.5V power supply or portable 15V power supply splits the current through the GSE Test Set into the two identical spacecraft charging systems.  The charging current is monitored by two GSE multimeters, and the telemetry system.  Overcharging  is prevented by current limiters built into the B2 charging system, series droping resistors, the 1 Amp current limit of the Power Supply and lastly by PTC fuses.  The full schematic of the Charging Test Set and regulated power supplies are shown in section 4.3.
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Figure 4‑1. Simplified RAFT / MARScom Charging Circuit
First perform configuration and setup steps in section 3.1.  The next two steps connect GSE and power to the spacecraft.  The picosats will begin to transmit 1 minute telemetry after 1 minute.  Battery charging will begin immediately and can be observed on the multimeters. 

	Step
	Description
	Comment (s)
	Tech 
	QA

	1


	Connect GSE Cable to Spacecraft  being careful to align the white dots:
· Confirm test set switches down.

· Plug RAFT connector into RAFT

· Wait 30 seconds and plug MARS connector into MARScom

If currents are in range, flip up both charge switches
	Verify:  Initial current will be between 200 to 700 mA depending on charge state of the batteries.

Note, this current will decrease down to as low as 250 mA +/-50 mA as the batteries charge.

Verify:  Currents remain in range.
	
	

	2
	Record all Telemetry by activating a telemetry log file on laptop:

· Hit File Open (F O ENTER)
	Verify:  This will open a log file with today’s date.


	
	

	2


	On Laptop type “C” to get to “cmd:” mode.  Then execute these commands
· cmd:  MON ON

· cmd:  MXM ON

· cmd:  TE 1

· Hit ESC to get back to TLM screen


	Note:  Telemetry will be observed at least once a minute from each spacecraft.  To simplify GSE, the two telemetry streams are paralleled and occasionally they may collide and yield GARBLED data.  Ignore this garbled data.
To deconflict these telemetry streams if needed, hit C to cmd: mode and 30 seconds after the last garble, execute a TE 6 command.  Then ESC back to the telemetry screen
	
	

	4
	Record Telemetry: Periodically record the five (5) telemetry values in the margin of this test plan, say every 10 minutes.  
	· Volts

· Solar Current

· Battery Current

· Load Current

· Temperature
	
	

	5
	Continue Charging until 4 hours have elapsed –OR- until overall Power Supply charge current tapers to a nominal 250 mA or less.
	· 
	
	

	
	
	
	
	


4.2. Payload Bay Charging Shut-Down  Procedures:  

	Step
	Description
	Comment (s)
	Tech 
	QA

	12
	When 4 hours have elapsed or power supply current has tapered to 250 mA or less, then terminate charging.
· Save log file (File-Close) (“F C”)
· Exit programs (File-Quit-Yes)

· Set test set switches off

· Remove connectors from picosats

· Disconnect Power Supply 
	
	
	

	
	· 
	
	
	


4.3 Power Supply and Test Set Schematic
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