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Owner’s Manual Introduction

EyasSat is a fully functional nano-satellite designed for teaching spacecraft systems engineering in the classroom and laboratory. The name “EyasSat” has its roots in falconry, for “eyas” means “baby falcon” or “fledgling bird.” The falcon is the mascot of the U.S. Air Force Academy, where the concept of EyasSat was born. Under a Cooperative Research and Development Agreement (USAF CRDA NUMBER 04-AFA-239-1, 25 August 2004) EyasSat was co-developed between the U.S. Air Force Academy and Colorado Satellite Services of Parker Colorado. This concept and the embodiment of the idea have been submitted for patent consideration and is currently in a “patent pending” status. Current information on the EyasSat program can be found at http://www.eyassat.com

This EyasSat Owner’s Manual is for anyone who will be in a supporting role for an EyasSat laboratory of any type. The following topics are covered:

· Using EyasSat for the first time out of the box

· Setting up a computer to work with EyasSat
· Using EyasSat in the classroom as a visual tutorial 

· Running an EyasSat engineering laboratory

· Running an EyasSat executive course laboratory

· Troubleshooting

· Calibration

· Creating experimental payloads

· Advanced user’s information (if under license from CSS)

· Unit programming

· Acceptance testing of newly built modules

EyasSat First Time Use

If you would like to quickly get your EyasSat up and running and confirm that the major components are functional, complete the following abbreviated steps.

User Computer Setup

1. Power up your laptop/PC you are using to support EyasSat.

2. Insert the EyasSat CD.

3. Run setup.exe in “\Software\EyasSat Control Panel”
4. If you have any difficulty with the installer, you may have to manually install some of the problem files from the .CAB file to “windows\system32”.

5. You must also have your computer’s Regional Settings set to United States. You can change this by going to Start, Settings, Control Panel, Regional and Language Options, then in the Standards and Formats box, select English (United States). 

EyasSat Hardware Setup

1. Unpack assembled EyasSat and all supporting hardware.

2. Find the small black box labeled “XStream-PKG,” which is called the EyasSat RF Ground Support Equipment (GSE).

3. Connect a rubber whip antenna to the EyasSat RF GSE.

4. (RS-232 users only) Plug in the AC adapter to a power strip and the cord end into the EyasSat RF GSE (not needed for USB model). Connect the EyasSat RF GSE to COM1 or to a USB port if using an RS-232/USB adapter. Turn on the EyasSat RF GSE and confirm the red power LED illuminates. 
5. (USB users only) Connect the EyasSat RF GSE to your computer/laptop to the USB Port. Confirm the red power LED illuminates. Windows will detect it and look for drivers. They are located on the CD in “\Drivers”. There are two sets of drivers to install. You will be prompted for both. 

Maxstream Software Setup

6. Run setup_X-CTU_(version).exe from “\Software\MaxStream Radio Software” on the EyasSat CD.

7. Follow the instructions to set up X-CTU.

8. (USB users only) Open X-CTU and note which COM port the EyasSat RF GSE has been assigned. (RS-232 users should have connected it to COM1)

Initial EyasSat Startup

9. Open the EyasSat Control Panel (Start, Programs, EyasSat Control Panel, EyasSat Control Panel) (Right click on the program to create a shortcut to desktop for convenience)

10. (USB users only) Click on the Communications (Comm) tab then click on the Comm Port Configuration button. Set the Port Number to match the one assigned to the EyasSat RF GSE, which most likely will be the last one on the list.

11. Connect the other rubber whip antenna to the top of EyasSat.
12. Turn on the EyasSat power switch on top of the box.

13. Look for the EyasSat power up message then scrolling telemetry on the computer/laptop screen. You should also see a few LEDs illuminate on the LED test module on top of the stack in the box.

14. If EyasSat does not respond, there are two probable issues:.
No data on display: verify on the Comm Subsystem tab that the comm port selected matches the one being used by the radio (click the comm port configuration button). If you are using a USB radio model, you may have to go to Start, Settings, Control Panel, System, Hardware, Device Manager, then check ports for COM#.
LEDs not illuminated—Battery low:  This is not likely, but connect the provided automatic battery charger.
15. After observing the “raw telemetry” on the Text Only Interface tab, go to the Electrical Power Subsystem and click on “Attach EPS.” Your battery voltage should be above 9.0V. If not, put on charge.
16. Go to the Attitude Determination and Control Panel and click on the “Attach ADCS” button.


17. To turn on the wheel, click the “Set Wheel Speed” button. Your reaction wheel should spin up.


18. To stop the wheel, replace the 300 value with a 0 then click on the “Set Wheel Speed” button again.


19. Congratulations! You have completed the initial setup and checkout for EyasSat.


20. Return to the Getting Started page in the User’s Manual if needed.

Using EyasSat in the Classroom

If you plan to use EyasSat in the classroom for demonstration purposes, review the suggested presentation flow below, which follows the sections as presented in Understanding Space, 3rd Editon by Sellers. This is only a flow, not a detailed checklist. If you do not have a space systems engineering background, it is recommended, but not required, that you soon complete the entire lab procedure contained in the User’s Manual before demonstrating.

EyasSat is a nano-sat demonstrator suitable for use in the lab environment for a teaching and learning experience. It basically demonstrates the functionality of a typical satellite system built up from modules representing subsystems. Starting from the bottom, we currently have the EyasSat stack configured as follows:

Electrical Power Subsystem (EPS) Module

Data Handling Subsystem (IHU) Module

Communications (COM) Module

Experiment/Payload Module (optional)

Attitude Determination and Control (ADCS) Module

The Thermal Subsystem is located throughout

Subsystems are enclosed in the Structure


The discussion below follows the order as presented in Understanding Space. These first two steps must be completed before each demonstration session if done seprately.

1. Open the EyasSat Control Panel.

2. Power up with switch on top—confirm power LEDs and telemetry on Text Only Interface of Control Panel.

Attitude Determination and Control Subsystem

Demonstrate the actuators (reaction/biased momentum wheel, torque rods) and sensors (optical—top and bottom rough sun sensors and precision Yaw sun sensor, solid-state—gyroscope and accelerometers). Finally demonstrate closed loop control.

1. Click on the ADCS panel.

2. Click on Attach ADCS module.

3. (can do this step before or during class) Zeroize accelerometers and gyroscope—while EyasSat is on the bench, go to the Text Only Interface tab.  Send an “a%331” and “az1” commands. This will perform a crude calibration and zero out the telemetry (TLM) points.

4. Point out the TLM.

Torque rod status
Top Sun Sensor
Bottom Sun Sensor
Yaw sensor element 1
Yaw sensor element 2
Yaw sensor element 3)
Yaw sensor element 4)
Reaction wheel revolutions per second (rps)
Gyroscope (rol, pit, yaw, CCW is +)
Accelerometers (X,Y,Z)

5. Suspend EyasSat by fishing line or test stand “free fall” simulator.

6. Set the wheel speed to 300 (valid range is -400 to +400). The wheel will move CCW and the box will move CW.

7. Set the speed to 0. The box will stop.

8. Reverse the direction by using a negative wheel value. This demonstrates the concept of a zero bias reaction wheel.

9. Another way to demonstrate reaction wheel use is to bring the wheel up to 300 while holding the box steady. Raise and lower the speed by 100. This demonstrates a positive bias reaction wheel.

10. Place the permanent magnet underneath EyasSat. Do not let students play with these magnets—they are very strong and can cause personal injury.

11. Click the +X button. Observe movement. Note longer reaction time compared to the reaction wheel.

12. Click on the X off button to turn off the toque rod.

13. Click on –X to reverse the polarity of the X torque rod.

14. Click on +Y or –Y to energize the Y torque rod.

15. Try using torque rod to hold box still while spinning up reaction wheel—concept of momentum dumping

16. Demonstrate the optical sensors—top, bottom, and yaw sensor by shining a flashlight (or better yet, a Halogen lamp) on them and noting telemetry changes.

17. Demonstrate closed loop control to follow a light source—bring wheel up to +300, steady box gently, shine lamp evenly on sensors 1 and 2, click on Engage Auto Yaw. Slowly move light back and forth—you will see EyasSat follow the light! Click on Disable Auto Yaw before proceeding.

18. Demonstrate the solid-state sensors—observe the gyroscope TLM (gy) as the box moves. Remove the box from the freefall simulator and place it on the bench. Tilt the box on each of the 4 sides and determine the +X and +Y axis directions.

Data Handling

Demonstrate the concept of telemetry and commands—focus on the issue of sending commands and getting a response back.

1. Observe the Text Only Interface. Point out each telemetry line starts with an ESX then 00:00:80 (or current time if clock has already been set). This is the call sign (X will be 0-9) and time hack. Emphasize that this is the real TLM coming from EyasSat. The Control Panel screens are filled with interpreted data from this raw data.

2. Click on the DH panel and set the time.

3. Change the refresh of the telemetry. Usually 2-3 seconds is ideal.

4. Click back on the Text Only Interface.

5. Point out IHU raw TLM (telemetry) line (line starting with I) and compare back with interpreted telemetry in the DH panel.

TelemDelay: number of seconds between TLM reports

CmdTimeOut: number of seconds IHU waits for command

Pwr: indicates if power board attached

ADACS: indicates if ADACS board attached

Exp1: indicates if Experiment 1 board attached

Exp2: indicates if Experiment 2 board attached

Exp3: indicates if Experiment 3 board attached


Comm Subsystem Demo

Demonstrate the various modulation types with EyasSat and (optionally) an Amplitude Modulation (old CB type) walkie talkie and/or an FRS (newer Family Radio Service type).

Power up your spectrum analyzer (instructions for using an ANRITSU SPECRUM MASTER MS2721A are included at the end of this section).


1. To observe EyasSat communication, set the frequency range to 900 to 930 MHz. Observe the spread spectrum, frequency-hopping scheme that the EyasSat comm subsystem uses. During each short pulse, frequency modulation is used to send the data, although it cannot be readily seen.

2. (Optional) To observe amplitude modulation, set the frequency range to 49.858 to 49.862 MHz. Use a CB type walkie talkie operating on channel 14. If you can change channels, note that the center frequency moves. It gets more fun when someone sings into the mike! You should easily see the peak of the signal move up and down when someone is talking. The carrier signal can be observed when silent, but keyed.

3. (Optional) To observe frequency modulation, set the frequency range to 462.6 to 462.63 MHz. Use a FRS type walkie talkie set to channel 3. You can see the frequency modulation, although it is a little harder to see than AM. You may have to “zoom in” on the signal by adjusting the span to a narrower range. When keyed, the carrier signal can be seen. When voice is transmitted, the signal “wiggles” from side to side.

4. Turn off spectrum analyzer and EyasSat when finished.

Electrical Power Subsystem

Demonstrate power regulation, generation, and distribution.

1. Click on the EPS panel.

2. Click on Attach EPS module.

3. Point out EPS TLM. Note that BI changes dramatically when wheel or torque rod is on. Note that 5I goes up as new modules are added and powered up

Sep: sep switch indicator

BV: Battery module voltage (9.0 is fully charged, good until 7.0)

VI: Battery module current (~100 to ~250 mA nominal, ~300 to ~400 mA when wheel spins up or torque rod on)

SV1: Solar panel voltage (nothing significant unless illuminated)

SI1I: Solar panel current (nothing significant unless illuminated)

SV2 and SI2: data for second solar panel

5V: 5V EPS line actual voltage

5I: 5V EPS line actual current

3V: 3V EPS line actual voltage

3I: 3V EPS line actual current
S: hexadecimal switch status, click on red/green buttons to change


4. Discuss the figure out of Understanding Space and compare it to the system schematic.

5. Emphasize you are in an eclipse condition. Note that there is no or very low SPV and probably no SPI. At this time, the batteries are providing the power.

6. This power is then regulated down to 5 and 3.3 VDC. A real-time efficiency calculation is shown (Pout/Pin). Note that the point of the DC-DC converter (regulator) is to keep the output voltages relatively constant.

7. Illuminate the solar panel at a 45 degree angle to each at 3” inches away. Note the power input from the solar panel. It will not be enough to run the satellite, but you should see a reduction of power coming out of the battery by about 100 mW. The reason why the EyasSat solar panels cannot run the satellite alone (as a real satellite could) is because inexpensive (< 10% efficiency) solar arrays were intentionally used because high efficiency cells would cost thousands of dollars and break easily.

8. Demonstrate how sun angle affects solar array power by moving the lamp.

9. Return the lamp to a steady close-up position and monitor SPI over time. As the temp goes up, SPI will go down. (you may want to save this step for the thermal demo later)

Thermal Subsystem Demo

Demonstrate in this section how internal systems generate heat and how the overall system reacts to external heat sources. This is best shown when EyasSat starts cold.

1. Click on the Thermal Panel. All temperatures are in (C.

DH: DH module microcontroller
5vR: 5v DC-DC converter on EPS module

Sp: Solar panel

TcW: White thermal panel

TcB: Black thermal panel

Bat: Battery module

Exp: Experiment temperature (optional, may not be connected)

Amb: Ambient temperature


2. Have the students observe the telemetry points, figure out which point heats up the fastest, and hypothesize why. Compare against the ambient point.

3. Illuminate the white and black thermal panels with the halogen lamp at 6 inches away and determine which panel heats up fastest (black should, as it has a higher absorptivity coefficient of 0.975 vs. 0.252 for white). If time allows, wait for thermal equilibrium. During this step, you can compare data to the ambient point, but point out that there will be convective heating in the box that will not be present in the vacuum of space.

4. Remove the light/heat source and watch what cools down first. (black should, as it has a slightly higher emissivity coefficient of 0.874 vs. 0.853 for white). Note that the rejection of heat from the black side and its higher temperature will continue to heat the white side.

5. If you did not perform the solar panel efficiency change step (due to increased temperature) in the previous section, you may want to do so now.

6. Return to Getting Started in the User’s Manual if appropriate.

Anritsu Spectrum Master MS2721A Remote Access Tool Setup

EQUIPMENT NEEDED

1. Anritsu Spectrum Master MS2721A

2. Antenna (magnetic mount whip will do)

3. AC power supply

4. Cross-over Ethernet cable

5. Demo walkie talkies if need be (FRS-FM and CB-AM)

SOFTWARE INSTALLATION

1. The Astro 310 laptop computers and the EyasSat lab faculty computer already have the software installed.  

2. If software is not installed, DON’T use the CD unless you have no internet connection. Go to http://www.us.anritsu.com/  Follow the support then software & drivers menu. Find the model and download the software.

HARDWARE INSTALLATION

1. Power up the computer and log in

2. Disconnect the Ethernet (network) cord from your computer (note you will obviously lose network connectivity)

3. Plug the crossover Ethernet cable from the Anritsu to your computer

4. Power up the Anritsu, wait for boot up to complete

5. On the computer, click on Start, Run, in the open box type “cmd” click ok

6. Type “ipconfig”

7. You will get an autoconfiguration IP address number, it should NOT start with 128.236.X.X. If it does, keep typing “ipconfig” until it changes

8. On the Anritsu, press the “Shift” button then 8/System

9. Press the button next to “System Options” on the screen

10. Press the button next to “Ethernet Config” on the screen

11. Type in the same IP address as found in step #7 above, EXCEPT the last number should be different by +1.  (as you are typing use the “.” key to get to the next field.  You will have to use the side buttons to change to other settings)

12. Record the IP number set on the Anritsu here ____.____.____.____

13. Ignore the Gateway settings

14. Set the Subnet mask to match the computer’s

15. Press Enter on the Anritsu

16. Close the “cmd” window on the computer

17. On the computer, run the “Remote Access Tool” on the Desktop

18. When the setup dialog comes up, enter the IP number as recorded in step #12 above.

19. Make sure Ethernet is selected

20. Click on “Enter”

21. If the connection fails, close the program and try to re-start it.

Setting Up an EyasSat Laboratory

EyasSat Modules, Equipment, & Tools Lists

Below is a list of equipment that comes with your EyasSat set. The next list is a complete list of equipment needed at each bench, including some items that came with the EyasSat set.  

To disassemble EyasSat, follow steps 1-9 of the EyasSat Assembly and Integration section in the EyasSat User’s Manual.

EyasSat Component List (for one complete EyasSat stack)

1. EyasSat Battery Packs (two on EyasSat EPS Module)
2. EyasSat EPS Module

3. EyasSat IHU Module

4. EyasSat Comm Module w/Antenna
5. EyasSat ADCS Module

6. EyasSat LED Test Module

7. EyasSat Structure, with the following items attached:

a. EyasSat Sun Sensor (Top)

b. EyasSat Yaw Attitude Sensor

c. EyasSat Charge Port

d. EyasSat Power Switch

e. EyasSat Lifting Lug

f. EyasSat Antenna

g. EyasSat Antenna Cable

h. EyasSat Solar Array (2 cells)

i. EyasSat Thermal Panel (B)

j. EyasSat Thermal Panel (W)

k. EyasSat Torque Rod (X)

l. EyasSat Torque Rod (Y)

m. EyasSat Separation Switch

n. EyasSat Sun Sensor (Bottom)

o. EyasSat Green Mounting Feet

p. EyasSat Stack Rods

q. EyaBUS Ribbon Cable

r. EyasSat Structure Front Cover

s. Four Plastic Thumbscrews

Lab Equipment Needed for EyasSat
This is complete list of all lab equipment needed for one EyasSat student station. You may use other lab equipment highlighted in this manual provided that you provide the supplemental instructions.
Included in Set:

1. EyasSat RF GSE w/Antenna

2. EyasSat Power Test Harness

3. EyasSat Data Interface
4. 5V and 3.3V DC Power Supply

5. Automatic battery charger

6. Permanent bar magnet
7. RS-232 or USB cable (depending on your RF GSE type)
8. Free fall simulator (we recommend 20 lb test Berkley FireLine part number FLFS20-42). http://www.berkley-fishing.com/ 
9. PC104 board separator (included)
10. Jumper kit
Additional Equipment Required for Workstations:

1. DC Power Supply (we use a Global Specialties 1302B)

2. Portable multimeter (we use Fluke 77/BN mutimeters)

3. Laptop w/power supply or desktop PC (Mac not supported)

4. Red banana to micro clip test leads (2) (not included)

5. Black banana to micro clip test leads (2) (not included)

6. Red banana to banana test leads (1) (not included)

7. Black banana to banana test leads (1) (not included)

8. Halogen lamp (500W minimum) (not included)

9. Compass (not included)

10. Ceramic load resistors (150, 100, 51, 39, 18() (not included)

To assist you in keeping an orderly lab environment, it is recommended that you instill personal responsibility in your students for the equipment and parts they will be using. On the next page is an example sign out sheet that could be used. The process of “signing out” the equipment gives them a sense of ownership and responsibility. This is probably not suitable for a short course, but more appropriate for an engineering course.

EyasSat Lab Equipment Sign Out Sheet

Class: 



Section:



Bench:



Team Size:


Module Set #:


	Item
	Description
	Initial In
	Initial Out

	1
	EyasSat EPS Module w/2 Batteries
	
	

	2
	EyasSat IHU Module
	
	

	3
	EyasSat Comm Module & Antenna
	
	

	4
	EyasSat ADCS Module w/Wheel
	
	

	5
	EyasSat Structure w/the following:
Torque Rod (X)
Torque Rod (Y)
Thermal Panel (B)
Thermal Panel (W)

Lifting Lug

Charge Port

Wiring Harness

Power Switch

Antenna Cable

Top Sun Sensor

Separation Switch

Bottom Sun Sensor

Green Mounting Feet
	
	

	6
	2 Black Stack Rods
	
	

	7
	Front plexiglass cover
	
	

	8
	4 plastic thumbscrews
	
	


	Sign that all items were received/date
	Sign that all items were returned in working order/date

	
	

	
	

	
	

	
	


Running an EyasSat Engineering Laboratory

Structures Lab

In this lab, students simply determine the mass of the major components and determine the mass percentage of each subsystem. All data is entered in the pre-formatted table in the workbook.
(read “Optional Structures Lab.pdf” for mini-vibe table supplement)
Prelab

Students are given the mass (m = 0.5 kg) and the spring constant (N = 3977 N/m) of a sample spring mass system.  Note here the equation you used to determine the natural frequency of the system and the calculated value:

Lab Materials and Equipment

5 kg scale
Disassembled EyasSat
EPS Lab Setup

This is the first regular EyasSat lab. From this point on, the standard set of components and equipment is assumed to be in place at each station.

Charge batteries

Use the automatic battery charger provided.

Equipment check

1. Inventory parts and equipment

2. Verify good halogen bulb

3. Verify good fuses in multimeters

Run crude calibration or coefficient update from user values
1. If you have already performed a full calibration (see page 40) for each individual module, then simply execute the “%331” unlock command then “$1” command. Skip to the “After EPS lab.”
2. If you have not performed a full calibration (all 10 channels, but not required) for each individual module, complete the following steps:

3. Disconnect batteries from EPS module.

4. Connect 10V, 0.70A current limit to CHARGE port.

5. Connect EPS module to computer running EyasSat Control Panel.

6. Connect BATT_ENABLE jumper.

7. Execute “%331” unlock command.

8. Execute “!1” command to restore factory coefficients.

9. Execute “z1” command for BV, 5V, and 3V auto calibration.

10. Move power to “SP1” input.

11. Execute “%331” unlock command.

12. Execute “z2” command for SV1 auto calibration.

13. Move power to “SP2” input.

14. Execute “%331” unlock command.

15. Execute “z3” command for SV2 auto calibration.

16. Disconnect BATT_ENABLE jumper

17. Reconnect batteries

18. Stow parts and equipment

After EPS Lab

1. Inventory parts and equipment

2. Consider charging batteries for next lab

Data Handling Lab Setup

Charge batteries

Use the automatic battery charger provided.

Equipment check

1. Inventory parts and equipment

2. Verify good fuses in multimeters

Setup for calibration

1. Based on your previous experience with this lab, you might want more dramatic calibration results. Normally, calibrating the module based on the factory coefficients is sufficient. However, a 10% error can be introduced with the following commands:

2. Execute “%331” unlock command.

3. Execute “#1” command to cause 10% error in BV, BI, 5V, and 5I telemetry. The students will calibrate these in the lab.

After DH lab

1. Inventory parts and equipment

2. Consider charging batteries for next lab

Comm Lab Setup

Charge batteries

Use the automatic battery charger provided.

Equipment check

1. Inventory parts and equipment

Verify radio settings

1. Refer to EyasSat Comm Module Channel Change Firmware Functional Test in the User’s Manual

2. Verify EyasSat Comm Module channel matches RF GSE channel

3. Refer to EyasSat Comm Module Acknowledged Delivery Firmware Functional Test in the User’s Manual

4. Turn off acknowledged delivery (value of 0) at both ends.

After Comm lab

1. Inventory parts and equipment

2. Consider charging batteries for next lab

ADCS Lab Setup

Charge batteries

Use the automatic battery charger provided.

Equipment check

1. Inventory parts and equipment

2. Especially check for magnets, good fishing line/hook, compass, working flashlight and halogen lamp

After ADCS lab

1. Inventory parts and equipment

2. Consider charging batteries for next lab

Integration Lab Setup

Charge batteries

Use the automatic battery charger provided.

Equipment check

1. Inventory parts and equipment

2. Verify good halogen lamp bulb

After Integration lab

Prepare for next cycle.
Running an EyasSat Executive Course Laboratory

These steps are a guide and should be adapted to the scheduling dynamics of classes. Some of the setup can be accomplished after each lab as well as time or availability permits.

Executive Course Lab Setup

1. The previous class should have left EyasSat assembled. Quickly check that all telemetry points are functioning.

2. Disassemble EyasSat and lay all components neatly on bench.

3. Charge batteries with the automatic charger.

4. Run inventory on the equipment.

5. Open User’s Manual to EPS lab, include special notes if needed and new workbook.

6. Leave computers logged in.

7. Announce at start of class to students to follow the “executive course” route in the User’s Manual. Emphasize that teams must read each full step before proceeding…
After Executive Course Lab

1. Check for common problems and make any necessary repairs.

2. Consider charging batteries.
3. When back-to-back sessions are over, stow all equipment in original state to prepare lab for engineering courses.

Troubleshooting

This troubleshooting guide below is just a starting point. It is recommended that the community establish a database of common problems and fixes.

	Symptom
	Possible Reasons/Solutions

	Issues when integrated

	EyasSat Control Panel gives error messages on startup
	ActiveX controls are not installed correctly—reinstall
Confirm Regional settings are set to English (United States)

	No LED illumination on EyasSat power up
	Batteries dead—charge
Fuses blown, consult CSS.

Possible short in bus—find fault

	No telemetry upon EyasSat power up (assuming power LEDs illuminate)
	Multiple copies of the EyasSat Control Panel or Hyperterm open—close extra sessions, may have to restart computer.
RF GSE not plugged in or connected—correct.  May have to unplug/replug USB type
Serial port configuration wrong—correct (correct port, should be 9600 baud, 8 bits, 1 stop bit, no parity, no flow control).  

RF channels do not match
Antenna(s) not connected

Excessive RF interference

	Commands not being accepted (assuming telemetry is received)
	Retry command, verify response

EyasSat Control Panel window not active—click on it
RF GSE set to wrong channel—telemetry may be from another unit in the room

	No/improper telemetry indication
	Improper bus cable installation

Bad component

	No actuator response
	Improper bus cable installation

Bad component

	Subsytem Issues

	EPS module does not power up (red LED does not illuminate)
	Jumper installed on wrong connector—ensure it is the BATT_ENABLE connector, not the SEP connector
Fuse blown, consult CSS

Jumper installed on only one pin

	No EPS, DH or ADCS telemetry (assuming LED is illuminated)
	Comm port configuration problem 
Module may need reprogrammed, consult CSS.

	DH module does not keep time
	Time not properly set 

On board battery bad.

	Thermal channels not reporting temperatures properly
	Bus connections between modules or bus cable not secure

Ambient sensor on wrong pins (see figure in user’s manual)

	Radio fails loopback test


	Channel mismatch

No power to radio

Comm port configuration error

	Good command/telemetry with umbilical but no communication with radio
	Channel mismatch

No power on radio(s)

Bad radio—use XCTU to diagnose and possible flash program
Loopback jumper left on module

USB drivers not working properly, update with new drivers from www.maxstream.net

	ADCS wheel fails
	Wheel speed too low, must be at least 200

Check motor strap/bushing/cable assembly, could be shorted

Wheel stuck on tach sensor

Wheel set-screw needs tightening

No 9V supply—check LED board

Battery voltage below 8V

Mega128 PWM could be bad—reprogram/check with scope to verify

	ADCS tach not working
	With power on, check for blinking tach light by spinning by hand—could be no power to board, magnet(s) missing, tach sensor needs re-aligned

	ADCS Wheel making ticking noise
	Reposition tach sensor carefully and test for correct operation

	ADCS torque rod not working
	Bad connection, check on-board connection points

No 9V supply—check LED board

Short

	ADCS sun or yaw sensors not working
	Not enough illumination

Bad connection through bus—run functional tests

	ADCS accelerometers or gyro giving bad readings
	Run quick calibration

	ADCS Auto Yaw not working properly
	Wheel speed not set to +300 and box still at start


EyasSat EPS Calibration

During the DH laboratory, we went through the process of calibrating the BV, BI, 5V, and 5I channels on the EyasSat EPS Module. If you would like to calibrate all 10 channels at one time, follow the procedure below. It is recommended, but not required, that all 10 channels be calibrated by the user as EyasSat is shipped with a generic set of calibration coefficients that usually have 5-10% error.

You will need to be familiar with calibration procedures. The following steps below are abbreviated assuming that you have reviewed the procedure.

1. Perform calibration as in the EyasSat User’s Manual. An advanced calibration may be performed on the BI channel, as power flows both ways on this channel only. You must reverse the current flow to do this and take a zero current reading (enter this data in the shaded area of the calibration spreadsheet). To do this, you must remove jumpers 16—15, 14—13, 12—11, and 10—9. Then apply power to the 9VBAT test point and put the load on the top pin of BATT_ENBL with the red jumper removed.
2. Repeat the normal calibration with the following exceptions: apply 10V power to SP1 port and use TP2 for the 3.3V supply.

3. Repeat the calibration again with 10V on SP2, but do not record 3.3V supply data.

4. You have now completely calibrated your EyasSat EPS Module. Each unit will have slight hardware differences so you will want to calibrate all of your units individually and record the coefficients for each unit.

5. Use the “@1” command to copy the active coefficients to user default values for retrieval later if needed.

6. You can also use the “!1” command to load back factory values into the current values.

7. The “$1” command restores user default values to current values.

Creating EyasSat Experiments

· The EyasSat Educational Satellite System™ is designed to be expanded with Experiment Modules

· Each EyasSat™ stack can support up to three Experiment Modules simultaneously

· Experiment Modules can be powered by the EyasSat Power module

· The IHU can “attach” each Experiment Module individually. When the attach command is sent:

· The module is powered on

· The IHU polls it for telemetry

· Experiment modules gather and format their own telemetry

· Commands directed at Experiment Modules are passed through by the IHU

Experiment Module Requirements

· Electrical.  All connections are via the EyaBUSTM

· Connection to the SPI bus as an SPI slave

· Chip Select, MISO, MOSI, SCK

· Connection to power 

· 9V unregulated constant power (only if unswitched high current is needed)

· 3.3V regulated switched power (choose 3.3V or 5V or both)

· 5V regulated switched power

· Ground

· Logical/software

· Function as an SPI slave

· Respond to telemetry polls from IHU

· Respond to commands passed through by IHU

Experiment Module Steps

1) Choose a microcontroller that supports SPI

1. Atmel® (ATMEGA128 is standard on EyasSat™ modules)

2. Systronix ™ JStamp ™

3. Savage Innovations OOPic ™ II+

4. Parallax ™ Basic Stamp ™ II

5. PIC

6. Or choose and FPGA and program it as SPI slave (review SPI timing diagrams if necessary)

7. Or any other processor that runs from 3.3V or 5V and supports SPI

2) Put it on a PC-104 form factor board

1. PC104 form factor including the bus connectors and mounting holes

2. Must NOT implement the PC-104 bus standard (Use the EyaBus ™ standard)

3. Recommend including in-system programming capability

· Connect the microcontroller to the EyaBus ™

· Power: 9V, 3.3V or 5V switched, ground

· SPI Pins: MISO, MOSI, SCK

· Choose the Chip Select for Experiment #1, 2 or 3

· Implement Firmware

· Respond via SPI to requests for telemetry (see Firmware Overview)
· Respond to commands via SPI in this format:

· <Command Character><Value Character>  (i.e. t1 or f0)

Important EyasBus™ Pins

· SPI

· SCK – A11(Connect to your microcontroller’s SCK)

· MOSI – A12  (Connect to your microcontroller’s MOSI)

· MISO – A13 (Connect to your microcontroller’s MISO)

· Chip Select (Pick one)

· Experiment #1 – A19

· Experiment #2 – A18

· Experiment #3 – A17

· Power

· +9V Raw  - A1 (Use only if you need raw +9V)

· Ground – B1

· +3.3V Regulated Switched (Pick one if you need +3.3V)

· Experiment #1 – B8

· Experiment #2 – B9

· Experiment #3 – B11

· +5.0V Regulated Switched (Pick one)

· Experiment #1 – B12

· Experiment #2 – A2

· Experiment #3 – A8

· NOTE: EyasSat™ is a 5V system.  3.3V is provided for internal use in Experiments.  All EyasBus™ logic and control signals are 5V.  If your experiment runs on 3.3V add level shifters like the MAX3371 for the interface to the EyaBUS’
Firmware Overview

· Minimum required firmware is an SPI interrupt service routine (ISR)

· Triggered when Data is received via SPI

· Implements a state machine with three states

· Idle Mode

· Waiting to receive a command via SPI (default)

· When any other mode ends, this mode becomes active

· Telemetry Mode

· In process of returning telemetry string to IHU

· This mode activated when a ‘T’ is received in Idle Mode

· This mode is ended when an ‘R’ is received in Telemetry Mode

· Command Mode

· Command received, waiting for command value

· This mode activated when anything but a ‘T’ or ‘R’ is received in Idle Mode

· This mode is ended when an ‘R’ is received in Command Mode

Firmware Example (Telemetry Mode)

· Telemetry mode

· You need to prepare the telemetry string outside the interrupt to maximize performance

· Main loop of firmware can prepare telemetry string on a regular basis

· Once in telemetry mode

· The telemetry string is sent to the IHU one character at a time when polled by  the IHU

· IHU will poll for 120 characters

· After 120 characters, IHU will send an ‘R’

TLM mode SPI Traffic

· Experiment SPI ISR is in idle state, TLM data has been collected and formatted into a character string

· IHU sends a ‘T’ - Experiment enters TLM mode

· IHU waits 60ms

· IHU sends ‘0’ characters - Experiment sends back the TLM string one character at a time

· IHU sends ‘0’s until a hex 00 is returned or 120 characters have been received

· IHU sends an ‘R’ - Experiment returns to ISR idle state

· IHU then sends the TLM string on the downlink

Firmware Example (Command Mode)

· Commands consist of

· Command character

· Any character – indicates command to invoke

· Value character

· Any character – parameter to the command

· Examples

· l1 – turns your laser on (l0 turns it off)

· p2 – sets the laser power to 2 (p5 sets it to power level 5)

· t<0x37> - sets an I/O port to 0x37

· When in command mode, you have received the command character from the IHU and are waiting for the value character from the IHU

· Typically, subroutines are called for each command, and passed the parameter

Command Mode SPI Traffic

· IHU passes through commands for experiments.  Experiment one in this example

· Example: From radio link 1l1 is entered.  

· IHU passes l1 to experiment one

· Experiment one takes the l as the command and the 1 as the value for that command to use

· IHU responds on the radio link with a message indicating what was sent to the experiment

· IHU does not look for a response from the experiment
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