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1. Introduction

This test document describes the tests conducted on the RAFT spacecraft before shipment to Aerospace Corp in El Segundo on 19 May 2006.  The RAFT project consists of  two 5” cube picosats called RAFT1 and MARScom which will be deployed from the space shuttle payload bay by the SSDL-5510 Launcher.

1.1 Philosophy of Testing

Due to limitations on available test chamber, the RAFT1 and MARScom picosats were thermal and vacuum tested in two phases.  Under vacuum, the spacecraft was thermal cycled between 25 and 50C.  Separately, the spacecraft were thermal cycled at atmospheric pressure between -15 to 50C..

1.2 Test Flow Diagram

The RAFT integration and test flow is shown in Figure 1-1.
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Figure 1-1.   RAFT Integration and Test Flow

1.3 Location

The RAFT picosats  were tested at the Naval Academy using the vacuum chamber in Rickover 122 and the thermal chamber in the Mechanical Engineering Lab. 

1.4 GSE Test Equipment Configuration
Unless otherwise specified, all tests used the following basic test equipment consisting of a Laptop, a power supply, voltmeter and the RAFT GSE test set as shown in the figure below.   An additional portable RF ground station consisting of another labtop and handheld Kenwood TH-D7A(g) transceiver was also used.
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Figure 1-2.  RAFT Test Configuration.  The GSE test set on the left and the RF ground staton on the right.
2. Random Vibration Tests

The RAFT spacecraft were vibration tested to protoflight levels at NASA JSC 1-3 Feburary 2006.

The random vibration test verifies the ability of the RAFT to withstand the launch and ascent dynamic environments.  The RAFT picosats were loaded into the SSDL-5510 prototype launcher  as shown below and subjected to three separate single axis vibrations tests.
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2.1 Criteria for Success

The tests were conducted 1-3 Feb 2006 at the JSC vibration test facility and there were no mechanical anomalies and the flight units passed their post-vibe functional tests.
A. No mechanical failures.

B. Satisfactory functional test.

3. Thermal  Tests

The thermal vacuum test conducted in the Naval Academy Vacuum chamber and Thermal chamber between 11 to 13 May 2006 verified the ability of the RAFT picosats to operate within the required temperature ranges and in a vacuum and the expected mission environment.  The RAFT picosats were powered on and fully operational during the thermal and vacuum testing.  Functional testing was conducted at the high and low temperature  dwells.

3.1 Criteria for Success

All sub-systems operate as desired at all temperatures.  At some temperatures, some of the sub-systems may not be operational.  
3.2 Test Overview

The two picosats were configured in flight configuration with antennas up and placed on the aluminum thermal plate over a thin thermal heating pad.  Two central temperature probes  measured the thermal plate temperature as shown in the first photo below.   To help equalize temperature while heating, an insulating barrier surrounded the two picosats as shown in the second photo below..
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During cooling the insulating box in the second photo above was removed for optimum heat transfer.    During the heating cycle, the surrounding box was in place to help evenly heat the items under test.  

[image: image7.jpg]


  [image: image8.jpg]



The picosats were activated with normal telemetry every 60 seconds.  The picosats and thermal plate assembly were placed in the cold chamber until telemetry reported – 15C had been achieved to begin the test
3.3 System  Thermal Test Environments



[image: image9]
Figure 3.3‑1.  Thermal   Proto-flight Test Profile
3.4 Thermal Test Results:  
As shown in figure 3-2, on 11 May at about 1430, the picosats were set in the chamber which had been pre-cooled to -15C and allowed to cool until the internal picosat temperatures were about -10C and allowed to dwell there for about an hour.  Then, at 1755, the insulating shroud was installed and heaters activated to bring the picosats to about 50 C.  After a dwell and then at 2145, the picosats were allowed to cool overnight to -17.5C.  The next morning, 12 May,  at 0830, the heaters were again activated to bring the picosats back up to 50C and to remain there for over one hour dwell.
Beginning about 1224 and at 50C, a complete functional test was performed and the higher dutycycle on the transmitter resulted in an additional 10 C rise during the test to a peak temperature of  over 60 C.  Next the picosats were cooled back to -15C and another functional test performed beginning about 1515.

The third hot cycle began at 1607  ran until about 2040 and held for about 20 minutes before the picosats were allowed to cool overnight back down to -15C.  The next morning on 13 May at about 1100, heat was again applied raising the picosats to over 50C for about an hour dwell before being allowed to cool back to room temperature.
[image: image10.emf]RAFT Thermal Test 11-13 May 2006
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Figure 3-2.    Thermal Test Telemetry Profile.  The ramp data represents the telemetry frame serial number counter.  It counts 000 to 999 (one per minute) and then recycles, though on this plot it has been scaled 0 to 100.
4. Vacuum Test Procedures:
The vacuum test was run for 24 hours with two cycles to over 50 deg C.  Both RAFT and MARS were running throughout, while transmitting temperature telemetry as shown in figure 4-1.   Heat was controlled by heat lamps on the outside of the bell jar vacuum chamber as shown in the two photos below:  
[image: image11.jpg]


   [image: image12.jpg]


  
Initially over 1500W of incandescent lamps were used, though once at steady-state, about 300W was sufficient to maintain the spacecraft interior temperature at 50 deg C.   Initially the picosats were not connected to GSE and so they ran for about 4 hours and 25 minutes until low-power shutdown.  The chamber was returned to atmospheric and the GSE connected to do a short charge for the safety of the battery.  Then it was left to cool down overnight.  The test resumed under vacuum the following day for another hot cycle, but this time powered continuously via the GSE cable.

4.1 Vacuum Test Results: 
The picosats operated continuously without any anomalies.  Tuning on the GSE receiver for MARScom  had to be adjusted by 100 Hz or so up and down with temperature for  good decoding but this is insignificant compared to the 1200 Hz total Doppler anticipated during a pass.
[image: image13.emf]RAFT Vacuum Thermal Test
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Figure 4-1.  Telemetry data from the RAFT Picosats during Thermal Vacuum testing.

5. Solar Panel Test in Full Sun:
This test was conducted out-doors to verify nominal currents from all 6 solar panels on all sides of both spacecraft.  Unfortunately the day was slightly hazy so total solar power was probably half what it will be in space.    A photo of the test configuration  is shown below:
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The table below shows the telemetry for the RAFT  picosat as each panel was rotated into the sun.

	Time
	Bus Volts
	Solar Current
	Bat Current
	Load
	Temp
	Description

	0921
	8.4
	150 mA
	84 mA
	70 mA
	-
	Initial reading with corner illuminated

	0924
	8.19
	87
	23
	70
	25.7
	+Y face only

	0925
	8.19
	96
	33
	68
	26.0
	+X face only

	0929
	8.3
	91
	26
	70
	26.7
	-Y face only

	0931
	8.19
	93
	28
	70
	26.3
	-X face only

	0933
	8.19
	86
	21
	70
	26.3
	+Z face only

	0935
	8.10
	73
	10
	68
	26.3
	-Z face only

	0937
	8.19
	131
	66
	70
	26.7
	+X & +Y on edge plus one side albedo

	0939
	8.3
	157
	91
	70
	27
	+X+Y+Z corner


The next table is the telemetry for the MARScom picosat.

	Time
	Bus Volts
	Solar Current
	Bat Current
	Load
	Temp
	Description

	1146
	8.1
	113
	50
	70
	25.0
	+Z face but sides not fully blocked

	1154
	8.0
	86
	26
	66
	25.7
	-X face only

	1158
	8.0
	89
	32
	66
	26.0
	+Y face only

	1159
	8.0
	87
	30
	66
	26.0
	+X face only

	1201
	8.0
	95
	35
	68
	26.3
	-Z face only

	1202
	8.0
	91
	32
	68
	26.7
	-Y face only

	
	
	
	
	
	
	


5.1 Test Results:   
The test confirmed that all panels are wired correctly and contributing to the power on the spacecraft bus.  Further under full Sun spectrum, the solar panels appear to put out the approximate power levels expected considering the hazy conditions and estimated reduced illumination experienced.  One anomaly was noted in the GSE software that did not show battery currents as negative when the panels were not illuminated.  This is a GSE software issue only and does not affect the spacecraft.  The negative sign bit is included in the raw telemetry, but just has not been included in the software  yet.  This was corrected prior to shipment on 19 May 2006.
6. Functional Test Procedures

6.1 Ground Service Equipment and Ground Station Configuration
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Figure 6‑1. USNA Software Display for RAFT / MARScom

6.2 Initial GSE and Test Setup
	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

· Plug MARS connector into MARScom

If currents 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 300 mA +/-50 mA as the batteries charge.

Verify:  Currents remain in range.
	
	

	2


	On Test Set Laptop type “C” to get to “cmd:” mode.

· 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 even if the TE 1 command is not given.  TE 1 changes it to 10 second intervals.
	
	

	3
	Record all Telemetry by activating a telemetry log file:

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


	
	

	4
	Record Telemetry: Periodically you will be asked to record telemetry in these test procedures.  There are only 5 telemetry values.   Record these in the margin when requested.
	· Volts

· Solar Current

· Battery Current

· Load Current

· Temperature
	
	


6.3 Detailed  RAFT1 Test  Procedures:  

	Step
	Description
	Comment (s)
	Tech 
	QA

	1


	Begin Command Session: Send RAFT logon request on Radio A laptop.

· Type “LA” 


	Should see Password request from RAFT and auto-password response resulting in “prompt:”

Verify:  “prompt:”
	
	

	2


	Enable RAFT 10 sec telemetry

· prompt: TE 1

· Hit ESC to get back to TLM screen


	Verify:  10 s TLM received on GSE display

Verify: Telemetry after 10 seconds

Record 5 telemetry values in margin (
	
	

	3
	Enable PSK-31 transponder

· Return to Keyboard mode via “C”

· cmd: MCON ON

· Hit “K” ENTER then ENTER

· Prompt: check 6

· Prompt: cmsg OFF

· Prompt: conok ON

· prompt: ctrl A ON

· prompt: ^C

· cmd: D     (to disconnect)

· From test set laptop, hit “c” to get “cmd:”  prompt.   Type  c_w3ado


	Verify: TX comes on and white noise heard on ground station radio.


	
	

	4
	Turn Off PSK-31 Transponder

· On test set laptop type “^C” to get to cmd:

· ENTER “D” twice to disconnect
	Verify: XMTR drops, and noise ceases.
	
	

	5


	Enable Voice test on GSE laptop:

· cmd:  MCON ON

· cmd: ctrl A OFF

· cmd:  conok on

· cmd:  cmsg off

· cmd:  check 6

· cmd:  retry 3

· cmd:  TE 6

· cmd:  c w3ado

· Type any test string on radio laptop

· “Please talk to me”


	Verify:  Voice module awakes and speaks

Verify: Voice module speaks

Record 5 values in margin (
	
	

	6
	Turn off voice transponder

· On test set laptop type “^C” to get to cmd:

· ENTER “D” twice to disconnect
	Verify: TLM shows a reduction in current ~40 mA
	
	

	7


	Enable RAFT radar transponder.

· First set RF sig gen to 216.98 MHz with test lead and 19” wire located about 1 meter from RAFT antennas.

· cmd: CTRL B ON
	Verify: Transponder comes on for 1 minute and 216.98 tone signal can be  heard.

Record 5 Telemetry values in Margin (

	
	

	8


	Turn off Radar transponder

· cmd: ctrl B OFF
	Verify:  Transponder turns off after ~1 minute
	
	

	9
	Test Heartbeat reset.  On GSE laptop:

· cmd:  TE 99

· cmd:  B E 0

· Wait 3 minutes

· Hit ^C to cmd: mode

· cmd:  TE


	Verify:  TE should return to default of 6 after 2 minutes.  cmd: TE will respond with “TELEMETRY WAS 6”
	
	


6.4 Detailed  MARScom  Test  Procedures:  

	Step
	Description
	Comment (s)
	Tech 
	QA

	1
	Prepare for MARScom tests

· Turn on Radio B to 27.965 MHz
	
	
	

	2


	Send MARScom logon request 

· Switch radio A to 148.975 MHz

· Switch test set data and audio switches up for MARScom

· Set Test Set speaker volume up.


	Verify:  Reciever noise heard on test set


	
	

	3


	Enable MARScom 10 sec TLM.

On GSE laptop:

· cmd: TE 1

· cmd:  MXMIT ON

· cmd:  MON ON

· cmd:  MCON ON

· Hit ESC


	Verify:10s TLM on Telemetry and packets heard on Radio B, 27.965 MHz

Verify:  Telemetry updates on GSE laptop

Record 5 telemetry values in margin (
	
	

	4


	Activate VHF AM SAR receiver:

· Hit “C” to get to cmd: mode

· cmd: LEDS ON


	Verify:  Power supply shows current increase. (>10 ma)

Record 5 telemetry values in margin (
	
	

	5


	Transmit test signal on 123.1 MHz at 0 dBm


	Verify: MARS Transmitter activates and AM tone  is heard on test set and on Radio B.  Reduce signal to minimum detectible signal and record (

	
	

	6


	Turn off VHF AM SAR Receiver

· cmd: LEDS OFF
	Verify:  Power Supply current goes down (by > 10 mA)

Record 5 telemetry values in margin (
	
	

	7
	Enable Voice Relay using GSE Laptop, Type “C” to get to “cmd:” .

cmd:  CONOK ON

cmd:  CMSG OFF

cmd:  CHECK 6

cmd:  RETRY 2
	
	
	

	8
	Activate MARS Voice Repeater

On Groundstation laptop:

· cmd:  C NMARS

· Transmit voice on 148.975 MHz
	Verify:  Transmitter comes on and noise heard on Radio B.

Verify:  Voice is heard
	
	

	9
	Deactivate MARS Voice Repeater using GSE laptop.  Hit “C”

· cmd:  D

· cmd:  D
	Verify:  Transmitter drops.  Noise  stops.
	
	

	10
	Test Heartbeat monitor

On GSE laptop:

· cmd:  TE 99

· cmd:  B E 0

· Wait 3 minutes

· Hit ^C to cmd:

· cmd:  TE


	Verify:  TE should return to default of 6 after 1 minute.  cmd: TE will respond with “TELEMETRY WAS 6”
	
	

	11
	Save Capture file: Hit File-Save (FS) on both laptops
	
	
	

	12
	Terminate Experiment

· Turn off radios A and B

· Exit programs (File-Quit-Yes)

· Set test set switches off

· Remove connectors from satellites

· Turn Power Supply off
	
	
	

	13
	Prepare Spacecraft for Launch

· Insert Sep-SW hold off’s in picosats

· Use wind-up tool  to retract antennas

· Cover HF wires with cardboard strips 

· Use GSE mating rail to mate picosats

· Remove cardboard strips.
	
	
	


6.5  USNA Ground Station Setup

PROCEDURES:

1. CONFIGURE USNA GSE EQUIPMENT:  Connect one laptop to a Kenwood D7 walkie-talkie radio.  Execute RAFT.EXE from desktop on all laptops and prepare as follows:

A. RADIO-A (connected to Radio Briefcase Laptop-1):

1) Tune Band-A to 145.825  (press VFO button if needed to get to VFO mode)

2) Toggle A/B button to A to set it

3) Activate TNC button so that TNC ICON and “packet” displays on top of radio screen

4) Use FUNCTION and LOW button to set TX power to “EL”.

B. RADIO-B (connected to KPC-3+ TNC Receiver Port if available):

1) Tune Band-A to 27.962  (press VFO button if needed to get to VFO mode)

2) Set SSB mode

3) Set Tune mode to “FINE”

4) Turn on KPC-3+ TNC if available

C. RADIO-C: (Connected to KPC-3+ TNC Transmitter Port if available)

1) Tune Band-A to 148.975  (press VFO button if needed to get to VFO mode)

2) Set Volume to midscode

3) Activate TNC on/off button so Green power LED is lit.

4) Ensure TNC is connected to laptop 2 and serial port.

2. On laptops execute USNA-OPS.exe

3. RAFT1 Hardware Commands:  Use these remote system ops commands to effect picosat controls:

C. TE n 

(sets telemetry to every n x 10 secs)

2. B_E_n 

(Sets Beacon every n minutes)

3. CTR A on/off 
(ON Selects PSK-31 / OFF Selects speech transponder)

4. CTR B on/off 
(Activate XP217 Radar transponder)

4. ENABLE PSK-31 MODE or SPEECH ACESS: Set these TNC commands:

D. AX25L2V2 must be OFF

5. CHECK must be 6 (sets timeout to 60 secs)

6. CMSG must be OFF

7. RETRY 3

8. CONOK ON
(Enables user access)


Then connect as a user to RAFT and verify the PSK-31 transponder comes on and then times out 1 minute later and begins a disconnect sequence.  Connect takes 30 secs, then CHECK timeout, then DISC for 9 secs.  That is* assuming 3 retries.

5. Enable Voice Mode

A. Set MYAPRS to SPEAK

B. Set CONOK ON

C. Set CMSG OFF

D. C W3ADO   (from GSE)  or C RAFT (from Ground Station Laptop)

6. Enable Radar Fence Transponder

A. Set CTRL B ON   (transmitter comes on)

B. After 1 minute test and transmitter automatically goes off, set CTRL B OFF

7. MARScom Hardware Commands:  Use these remote system ops commands to effect hardware controls:

A. TE n 

(sets telemetry to every n x 10 secs)

B. B_E_n 

(Sets Beacon every n minutes)

C. CTR A on/off 
(Decreases squelch by 3dB)

D. CTR B on/off 
(Decreases squelch by 3dB)

E. LEDS on/off 
(Enables UHF transponder for daytime squelch operation)

8. ENABLE MARScom VOICE TRANSPONDER:  Set these TNC commands:

A. AX25L2V2 must be OFF

B. CHECK must be 45 (450 secs 7.5 mins)

C. CMSG must be OFF

D. RETRY 3

E. CONOK ON
(Enables user access)


Then connect as a user to NMARS and verify the voice transponder comes on and then times out 7 minutes later and begins a disconnect sequence.  Connect takes 30 secs, then CHECK timeout, then DISC for 9 secs.  That is assuming 3 retries.
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Notes:





 Temperature Tolerances: ± 5°C


 Temperature Ramps: ~ 2°C / minute


 1 Hour Soak at Extremes Prior to Testing
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