6-Week Status Report
1/C Dendinger

Attitude Control System

The current design for P-Sat calls for both magnetic torqueing coils and reaction wheels.  This combination will allow for a sun-pointing capability along with other attitude maneuvers.  The ADCS will require sensors to determine the orientation of the spacecraft.  These sensors will be the currents from the solar panels when in sun, and a magnetometer for use both in sun and in eclipse.  The magnetometer’s readings must also be referenced to a pre-loaded model of the Earth’s magnetic field in order to determine the attitude of the spacecraft when in eclipse.  When in sun, a sun vector can be developed by using the currents from the solar panels and using the inverse cosine relation that exists for determining solar panel orientation.  
Our magnetometer is the MicroMag3, as shown in Figure 1.  
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Figure 1.

It provides either raw magnetic field readings or pitch, roll and yaw based on a fixed declination calibration.  The pitch, roll and yaw features will not be of use to us while in orbit because of the wide variety of declinations that the spacecraft will be experiencing.  The pin I/O is shown in Figure 2.
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Figure 2.

The following descriptions for the I/O pins are taken from the MicroMag3 Datasheet.
MOSI (Master Out Slave In)

The data sent from the master to the MicroMag3. Data is transferred most significant bit first.  The MOSI line will accept data once the SPI is enabled by taking the SSNOT low. Valid data must be presented at least 100 nS before the rising edge of the clock, and remain valid for 100nS after the edge. New data may be presented to the MOSI pin on the falling edge of SCLK.

SSNOT (Slave Select Line)

Selects the MicroMag3 as the operating slave device. The SSNOT line must be low prior to data transfer and must stay low during the entire transfer. Once the command byte is received by the MicroMag3, and the MicroMag3 begins to execute the command, the SSNOT line can be deselected until the next SPI transfer.

SCLK (Serial Clock)

Used to synchronize both the data in and out through the MISO and MOSI lines. SCLK is generated by a master device. SCLK should be 1 MHz or less. The MicroMag3 is configured to run as a slave device, making it an input. One byte of data is exchanged over eight clock cycles. Data is captured by the master device on the rising edge of SCLK. Data is shifted out and presented to the MicroMag3 on the MOSI pin on the falling edge of SCLK.

MISO (Master In Slave Out)

The data sent from the MicroMag3 to the master. Data is transferred most significant bit first. The MISO line is placed in a high impedance state if the slave is not selected (SSNOT = 1).

RESET

RESET us usually low. RESET must be toggled from low-high-low.
DRDY (Data Ready)

DRDY is low after a RESET; after a command has been received and the data is ready, DRDY will be high. It is recommended that the DRDY line always be used to ensure that the data is clocked out of the MicroMag3 only when it is available. If it is determined that the DRDY line cannot be used due to lack of I/O lines to the host processor, then the times listed in the table below can be used to set open-loop wait times. The values listed in Table 1. are the maximum delays from the end of the SCLK command until the rise of the DRDY at each period select setting. The maximum delay occurs when the sensor being sampled is in a zero field.
Period Select Maximum Delay

	/32
	.500mS

	/64
	1.0 mS

	/128 
	2.0 mS

	/256
	4.0 mS

	/512 
	7.5 mS

	/1024
	15 mS

	/2048 
	35.5 mS

	/4096
	60 mS


Table 1.

In order to determine the accuracy of the magnetometer, a non-magnetic gimbaled test stand was constructed to compare magnetometer output to the actual value.  The results of two tests are shown in Figures 3. and 4.
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Figure 3.

[image: image4.emf]X Axis Calibration with Compass at 0 Degrees
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Figure 4. 
These test shown an accuracy of ± 5% for pitch and roll from 0 to 90 degrees with a declination of 10°.  

The processing of this information will be somewhat intensive compared to what we have done before on USNA satellites.  The BASIC Stamp microcontroller is what has been chosen for most telemetry and housekeeping operations.  It is small in size and has low power consumption which make it an ideal microcontroller for these activities.
In order to accomplish the floating point processing necessary for ADCS, a more capable microcontroller is being investigated.  Online research determined that the Rabbit Microcontroller and its supporting hardware (which is made by the USNA Weapons and Systems Lab)  would suit our needs and provide all of the functions of the BASIC Stamp in addition to higher processing capability needed for ADCS.  The Rabbit microcontroller has 14 channels of I/O and 10 A/D channels which could make telemetry and control much easier then in the past.  The Rabbit is programmed using a variation of C programming language.  A RabbitCore 3000 was loaned to me from the Systems Engineering Department and I am working on learning how to make use of its numerous capabilities.   I am also expecting to receive a more detailed document on the limitations and capabilities of the board the RabbitCore plugs into.
1.1 Payload Name
ADCS, Attitude Determination and Control System
1.1.1 Mechanical Interfaces

1.1.1.1 Physical Properties

1.1.1.1.1 Dimensions

The ADCS consists of a RabbitCore 3000 Navigation Board provided by the USNA Weapons and Systems engineering department.  The board contains an integrated MicrMag 3-axis magnetometer along with supporting circuitry for the Rabbit Microprocessor.  The ADCS also uses three reaction wheels for attitude control.
1.1.1.1.1.1 The estimated dimensions of the ADCS electronics package are. 3.5” x 2.5” x 1.25”.
1.1.1.1.1.2 The estimated dimensinons of the reaction wheels are 2.5”x 2.5” x 1.75”.
1.1.1.1.2 Materials-

The ParkinsonSAT flight unit will be constructed from milled 6061 aluminum.  Structural components will be fastened by #4-40 hardware and #6-32 hardware.

1.1.1.1.3 Mass-ADCS mass budget is limited to 1 kg. 

1.1.1.1.4 Surface Treatments-The aluminum spaceframe components will be either anodized or iridited.  Internal surfaces will usually be black anodized for thermal balance. 

1.1.2 Mounting and Alignment

1.1.2.1 Mounting Specifications 

ADCS will be attached to an internal bulkhead of ParkinsonSAT.
1.1.2.2 Alignment Specifications

The magnetometer and reaction wheels need to be aligned with the central axes for proper attitude determination and control. 
1.1.3 Thermal Interfaces

1.1.3.1 Temperature Limits 

The operating range for the ADCS is -55° to +85°C with a storage range of -65° to +150°C.  These are well with the expected ParkinsonSAT ranges of -10 to +40 degrees Celsius operational and -40 and +60 degrees C storage and extremes.
1.1.3.2 Temperature Monitoring Components

The MicroMag3 contains its own temperature sensor for health monitoring.  The ADCS does not require any other temperature measurements for operation.
1.1.3.3 Thermal Control Components

The sun pointing attitude of PSAT has been designed to spread the heat collected from the -Z face throughout the structure.  Heat transfer through the bulkheads will be radiated out of the cold space facing faces.  Due to the design, individual thermal control components should not be needed.  There is insufficient electrical power for any heater  devices.  ADCS must be designed with passive thermal control to maintain its own temperature requirements.  The largest source of heat in the ADCS will be the Rabbit Microprocessor which can be cooled with a passive heatsink.
1.1.4 Electrical Connections

1.1.4.1 Connector Hardware Specifications  

Connectors will all consist of standard sized crimp pin “DB type” connectors for the flight model.  At no time shall the current on any pin exceed 2 amps.

1.1.4.2 Ground Straps Ground 

The ADCS electrical enclosure shall be bonded to the ParkinsonSAT spaceframe with a ground strap. 
1.1.4.3 Connector 

Pin-outs:  A  Standard DB connector will be used.

1.1.4.4 Bonding Specifications 

Using the crimp pin style “DB 25,” there will be no soldering joints due the risk of cracking during launch phase of the flight.  All pins will be crimped.

1.1.4.5 Intra-payload Harness  

The internal ADCS wiring harness will be staked or mechanically fastened every 3” minimum to prevent cross movement. 

1.1.5 Mechanical Interface Drawings
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Drawing A.1. Practice Drawing 1

1.2 Electrical Power

The electrical power is provided from the Psat power system to various payloads via two nearly identical bus systems called the A and B buses.  The power to these buses is controlled by the A and B side controllers to provide dual redundant payload power control.  Normally only one side will be activated and can provide the specified payload power.  Both sides however, can be activated at the same time, but the power limits remain the same.  In otherwords, the power available to the (ODTML)  remains the same whether one or both busses are connected.  The ADCS will require power to the RabbitCore along with power to the reaction wheels.  The reaction wheels will be controlled by the RabbitCore through a transistor switches as to minimize the current through the RabbitCore.
1.2.1 Voltage

Both bus A and B will be 8 volts.  This will be distributed using a #22 AWG wire.  Operating voltages vary between 7.2 to 8.4 volts.  Voltages as low as 6 volts may occur, but at any voltage below 6.6 volts all loads should drop off line with a brown-out low voltage cut-off.
1.2.2 Current

ADCS can be fed from either side A or B 8 volt busses.  Each feed can provide up to 1 amp peak and 200 mA average power to the ADCS.    The fuse will be rated at 2 amps.

1.2.3 Power Quality

The unregulated 8 volt bus is driven by six NiCd cells and will vary between 7.2 and 8.4 volts. operationally.  A low voltage cut out will occur at 6 volts.  During battery charging, bus voltages as high as 8.8 volts can occur. 
1.2.4 Loads

The peak load from ADCS can not exceed 1 amp for more than 5 seconds.  The duty cycle of such peak loads cannot exceed 12.5 percent or a maximum total average power of 5 watts. 
1.2.5 Grounding

Both buses will be grounded to a single ground point.


1.2.6 Power Draw Profiles

1.2.6.1 Average Power

The whole orbit average power over a twenty four hour basis shall not exceed 5 watts on the 8 volt bus.  The power to ADCS is under the control of the ParkinsonSAT operating system and will be enabled as a primary mission objective as long as there is adequate power available. 
1.2.6.2 Peak Power

This will depend on the type of motors choosen and the maximum current that we desire to for them to use.
1.2.6.3 Nominal Operating Power

Under normal operation, the ADCS will draw 8 volts at approximately 500mA.
1.2.6.4 Standby Power

Stand by power is .16 watts at 8 volts.  Stand by power may be lost during periods of low spacecraft power or under voltage conditions. 
1.2.6.5 Duty Cycles

As noted above peak power and duty cycle will not exceed the average power noted in paragraph 3.3.6.1. 
1.3 Discrete Electrical Signals

1.3.1 Discrete Analog Inputs

The thermister is part #_______________________.  The certification date is provided in appendix _________.

1.3.1.1 Thermister +

1.3.1.2 Thermister return
1.3.2 Discrete Analog Outputs

Get all these from ODTML for now… all the way through 3.5

SPID RXD two discretes.   TBD  RS-232 data from ParkinsonSAT to SPID.
1.3.3 Discrete Digital Inputs

SPID TXD two discretes.   TBD  RS-232 data from SPID to ParkinsonSAT.
1.3.4 Discrete Digital Outputs

1.4 Serial Digital Communications

ADCS RXD - RS-232 received data/commands from ParkinsonSAT to ADCS. 
ADCS TXD  - RS-232 transmit data/commands from ADCS to ParkinsonSAT.
ADCS RTS  - Request-to-send line from ADCS to Psat

ADCS CTS  -  Clear-to-send line from Psat to ADCS

ADCS GND – signal ground
1.4.1 Input Signals from ParkinsonSAT to SPID
1.4.1.1 Signals Characteristics

RS-232, RS-422 on TLL levels 0-5 volts.
1.4.1.2 Command Protocols

All commands from ParkinsonSAT to ADCS use the printable ASCII subset with no control codes.  The prescence of extraneous ASCII character in the serial data bus to other payloads will occur.  ADCS protocols must be immune to the other unintended signals.
1.4.1.3 Data Input Protocols

TBD
1.4.1.4 Command Upload Protocols

TBD
1.4.2 Output Signals from SPID to ParkinsonSAT

1.4.2.1 Signal Characteristics

Same as 3.5.2.2 Command Protocols
1.4.2.2 Telemetry Output Protocols

Routine health and housekeeping Telemetry will be sent from the ADCS  to the ground via the ParkinsonSAT processor in the following  format.  Psat will place this data into an AX.25 HDLC packet frame with check-sum for error free delivery to monitoring ground stations.  The format is:

}SPID>APvvvv:T#NNN,111,222,333,444,555,XXXXXXXX

Where “ADCS>APvvvv:” is a fixed pseudo packet header to identify the source of the data as coming from ADCS.  The “vvvv” field is optional and can contain a version number of any other identification data if needed by ADCS.

Where “T#NNN” is a serial number from T#001 to T#999.

Where “111,222,333,444,555” are five fixed 3 byte wide decimal telemetry values.  Each value may range from 000 to 999 for about 9.9 bits of A/D resolution.

Where “XXXXXXXX” is a string of 8 consecutive discrete bits indicated by the character either “0” or “1”.

1.4.2.3 Data Output Protocols

All other data outputs from ADCS intended for communications to the ground will use a similar pseudo packet header followed by any necessary ADCS data.  The only restriction on ADCS data in this case remains that only the printable ASCII character set may be used.  The format is:

}ADCS>APzzzz:{PX…. Data…

Where “ADCS>APzzzz:” is the pseudo packet header identifying the source of the data as ADCS and the type of data can be uniquely identified by “zzzz”.

Where “{PX” is a special fixed field which indicates the type of special data and the format follows.  The “{“ is a required delimiter.  The “P” indicates thisis a PCSAT  unique format and the “X” byte can be chosen from  up to 92 or so uniquely defined possible formats.

1.5 Software Interfaces

3.6.1
The ParkinsonSAT payload serial data bus will contain packetized printable ASCII data to and from all onboard experiments, and also to and from all user ground stations and any other serial data on the channel.  The individual payload processors (ADCS) must ignore all such data except for the packets specifically addressed to it.   All data on the Serial Data Bus will be in the following standard AX.25 format:

SOURCE>DEST,PATH,PATH:xxxxxxxxxxxxxxxxxx….

Where SOURCE is a 3 to 9 byte variable length field indicating the originator of the packet.  Only the uppercase and numeric characters are used in the first 6 bytes and the final 3 may contain a one or two byte numeric field (“-1” to “-15”).  

Where DEST is a 3 to 6 byte destination field.  This field has the same character restrictions as the source.  Since most data on the payload bus is transmitted in broadcast manner, the destination field is often used to indicate a version number or other identifier.
Where PATH is a series of from none to seven comma separated fields indicating the RF path for the data.  These fields are also limited to the character restrictions  of the source field.  Typically if a packet is relayed by a ground station or another satellite, the callsign of that station will be included here.

Where all data after the “:” colon is free field from 0 to 128 bytes.

3.6.2   There is no software flow control.

3.6.3   Hardware Handshaking:   ADCS may transmit onto the bus only if CTS is clear and when it begins to transmit, it must assert RTS.
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Figure A.1. Calibration of ParkinsonSAT Thermister KC006-ND

