Engineering Course Workbook

See www.eyassat.com for the latest updates to the manual and workbook.  

Structural Subsystem

Class section:

Team members:

Assigned EyasSAT bench & module numbers:

System Mass Budget

Calculate the mass budget for EyasSAT using the table on the next page.  Assume a 500g payload.  Include total mass for each category, a percent breakdown, and total mass.

Compare your results with other satellite missions.  Do the EyasSAT percentages resemble any specific mission or mission category?  Compare your results with the LightSat category of missions in SMAD.

Structures Demo (Optional)

What was your predicted natural frequency?

How do the results from the sine sweep and random vibration tests compare to the predicted value?

If you consider the calculation as the “right answer,” what percentage of error is there in both of the tests?

Discuss each of the test types briefly to include the benefits and shortcomings of each test.

What are some potential sources of error?

Summary:  Were the lab objectives met?  What significant concepts did your team learn?

Determine the mass of each bolded item in the table.  Add or subtract the various items within each subsystem as shown to account for items that are physically attached to one subsystem (i.e. solar panels are attached to the structure) but belong to another subsystem.

	Payload
	
	+500
	%

	Structure
	+
	
	

	Stack rods (2)
	+
	
	

	Green corner supports
	+40
	
	

	Solar panels
	-255
	
	

	Torque rods
	-206
	
	

	Power switch
	-6
	
	

	Charge port
	-5
	
	

	Power bus
	-25
	
	

	Data bus
	-25
	
	

	Sep switch
	-3
	
	

	Antenna cable
	-10
	Structure
	

	Sun sensors
	-24
	Total
	

	Yaw sensor
	-51
	(
	

	Thermal panels
	-48
	
	%

	EPS Module
	+
	
	

	Solar panels
	+255
	
	

	Power switch
	+6
	
	

	Green corner supports
	-10
	EPS
	

	Charge port
	+5
	Total
	

	Power bus
	+55
	(
	

	Data bus
	-10
	
	%

	IHU Module (DH)
	+
	
	

	LED Test Module
	+
	
	

	Sep switch
	+3
	
	

	Data ribbon cable
	+25
	DH
	

	Green corner supports
	-10
	Total
	

	Power bus
	-10
	(
	

	Data bus
	+30
	
	%

	Comm Module
	+
	
	

	Antenna
	+
	
	

	Antenna cable
	+10
	Comm
	

	Green corner supports
	-10
	Total
	

	Power bus
	-10
	(
	

	Data bus
	-10
	
	%

	ADCS Module
	+
	
	

	Torque rods
	+206
	
	

	Sun sensors
	+24
	
	

	Yaw sensor
	+51
	ADCS
	

	Green corner supports
	-10
	Total
	

	Power bus
	-10
	(
	

	Data bus
	-10
	
	%

	Thermal
	
	+48
	%

	TOTAL:
	
	
	100%


Electrical Power Subsystem

EyasSAT Battery Pack Acceptance Tests

Battery Pack Inspection:  Pass/Fail (circle one)

	Battery Pack Functional Test
	Measured
	Expected

	Initial Battery Voltage
	
	9-10 VDC



Battery Pack Characterization:

	Minutes under charge
	Battery Voltage
	Battery Current

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	



Can you draw any conclusions about the condition of the battery from this test?

EyasSAT Solar Array Acceptance Tests

Solar Array Inspection:  Pass/Fail

	Solar Array Functional Test
	Measured
	Expected

	Thermistor resistance (cold)
	
	~10 k(

	Solar panel one (S1) voltage 
	
	1-10 VDC

	Solar panel two (S2) voltage 
	
	1-10 VDC



Recalling that the resistance changes with temperature, discuss any differences with your team.  Discuss any differences in solar array voltage. 

EyasSAT Solar Array Characterization:

	Voltage
	Current
	Resistance

	0
	Isc=
	n/a

	Voc=
	0
	n/a

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Thermistor resistance (hot)
	


Briefly describe what you accomplished in this test.  

What can you conclude about the operation of a thermistor based on the cold and hot resistance values?

What were Isc and Voc?  They should have been about 5-30 mA and 8-15 VDC respectively.  Sunlight Isc data can be up to 120 mA.  Discuss any differences.  Complete the table above with the data from the IV curve test.  

Plot the data with V on the X axis and I on the Y axis. 

Plot the power curve (V on X axis and P on the Y axis (P=IV) on the same plot.  What is the voltage level of the peak power point?


EyasSAT EPS Module Acceptance Tests

EPS Module Inspection:  Pass/Fail

	Hardware #
	Software #
	Serial #

	EYASSAT_EPS_______
	
	


	EPS Module Functional Test
	Measured
	Expected

	5 VCC test point voltage
	
	4.9-5 VDC

	3.3 VCC test point voltage
	
	3.2-3.3 VDC

	5 VCC bus voltage
	
	4.9-5 VDC

	3.3 VCC bus voltage
	
	3.2-3.3 VDC



Discuss any differences with your team.

COM Option 2 users only, consult instructor or X-CTU application:

	COM port for EyasSAT Data Interface
	

	COM port for EyasSAT RF GSE (Digi Module)
	



EPS Module Software Functional Test:  Pass/Fail

EPS Module Solar Panel Power Input Test:  Pass/Fail

	SP Input (VDC)
	BV (VDC)
	BI (mA)
	SV1 (VDC)
	SI1 (mA)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



What was the outcome of the solar panel input test?  Discuss with your team how this simulates on-orbit sunlight and eclipse cycles.

Electrical Power Subsystem Integration and Test

	Angle
	BV (V)
	BI (mA)
	SV1 (V)
	SI1 (mA)
	SV2 (V)
	SI2 (mA)

	45 deg 
	
	
	
	
	
	

	Normal to S1
	
	
	
	
	
	

	Normal to S2
	
	
	
	
	
	

	Lamp off
	
	
	
	
	
	



Turn to the “Power Budget Table” near the end of this workbook and record your power data for this section (with the lamp off) and calculate the power demand of the EyasSAT EPS Module itself.  We will be watching the power load on the EPS as we add subsystems.

Briefly describe what you accomplished in this part.  Was there any trouble physically integrating your modules and components?  Did the EPS module work as before after it was integrated?  

What can you conclude about the affect of having the solar panel connected and providing power?  Did it help reduce the load on the battery?

EyasSAT Subsystem Specifications

Review the subsystem specifications in Appendix D.  

Start filling in the specifications verification matrix.  The specification in the first column.  List the type (specific name used in lab) of the test used to verify the specification in the second column.  Finally, list whether or not your EyasSAT passed this test.

Summary

Were the lab objectives met?  What significant concepts did your team learn?

Data Handling Subsystem


EyasSAT EPS Module Calibration

Briefly describe what you accomplished in this test.  Complete the table below (electronically) with the data from the calibration.  
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Did your measured results improve after running the calibration?  What was the before and after % error, considering the metered results are the standard?

EyasSAT EPS Module Characterization

	Load
	V1
	A1
	Pin= (V1)(A1)
	V2
	A2
	Pout= (V2)(A2)
	Pout/ Pin

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



How did the efficiency relate to load?

EyasSAT IHU Module Acceptance Tests

IHU Module Inspection:  Pass/Fail

	Hardware #
	Software #
	Serial #

	EYASSAT_IHU________
	
	



IHU Module Functional Test: Pass/Fail

IHU Module Software Functional Test: Pass/Fail

EyasSAT IHU Module Integration and Test

IHU Module and EPS Integrated Functional Test: Pass/Fail

Turn to the “Power Budget Table” near the end of this workbook and record your power data for this section and calculate the power demand of the IHU module on the EPS.  Note that you must subtract the EPS power demand from the new total power demand to get the IHU power demand.

Briefly describe what you accomplished in this test.  Did the IHU software and hardware properly respond to all commands as they did in the previous IHU software verification test?  Did the EPS hardware and software properly respond to all commands as they did in the previous EPS software verification test?

EyasSAT Subsystem Specifications

Review the subsystem specifications in Appendix D.  

Update your specification verification matrix.  Include the complete matrix in this lab report.

Summary

Were the lab objectives met?  What significant concepts did your team learn?

Communications Subsystem


EyasSAT Comm Module Acceptance Tests

Comm Module Inspection:  Pass/Fail

	Hardware #
	Firmware #
	Serial #

	EYASSAT_COMM______
	
	



Out of the 100 or so packets transmitted, how many were “good” and “bad?”  Calculate % error. What are possible causes for lost packets?
What was the average value of RSSI?  What does this mean?

Comm Module Functional Test:  Pass/Fail

EyasSAT Comm Module Integration and Test

Comm, IHU, and EPS Integrated Functional Test: Pass/Fail

Turn to the last page of this workbook and record the comm power.

Briefly describe what you accomplished in this test.  Did the IHU pass the test as before?  What about the EyasSAT EPS Software Verification Test?

EyasSAT Comm Module Channel Change Firmware Functional Test

	Random channel
	

	Assigned channel
	



Briefly describe what you accomplished in this test.  Does the Comm Module pass this additional acceptance test?  

What do you think would happen if all EyasSATs in the room were on the same channel?

EyasSAT Comm Module Acknowledged Delivery Firmware Functional Test

Briefly describe what you accomplished in this test.  Does the Comm Module pass this additional acceptance test?  

Why and when would we need to activate the Acknowledged Delivery Mode?

EyasSAT Subsystem Specifications

Review the subsystem specifications in Appendix D.  

Update your specification verification matrix.  Include the complete matrix in this lab report.

Summary

Were the lab objectives met?  What significant concepts did your team learn?

Attitude Determination and Control Subsystem


EyasSAT ADCS Hardware Acceptance Tests

Torque Rod Inspection:  Pass/Fail

Torque Rod Characterization:

	Torque Rod
	Current
	Expected Current

	X
	
	200 mA

	Y
	
	200 mA



How long can the EyasSAT Battery Module (battery capacity = 1400 mAh) run the torque rod, assuming no other loads?

Sun Sensor Inspection:  Pass/Fail

Sun Sensor Functional Test:  Record your data in the appropriate table in the Integration lab section.

Yaw Attitude Sensor Inspection:  Pass/Fail

Yaw Attitude Sensor Functional Test:  Record your data in the appropriate table in the Integration lab section.

Does the Yaw sensor do a good job of rejecting ambient light?

EyasSAT ADCS Module Inspection

ADCS Module Inspection:  Pass/Fail

	Hardware #
	Software #
	Serial #

	EYASSAT_ADCS______
	
	



ADCS Module Functional Test:  Pass/Fail

ADCS Module Software Test:  Pass/Fail

EyasSAT ADCS Module Integration and Test

ADCS, Comm, IHU, and EPS Integrated Functional Test: Pass/Fail

Turn to the last page of this workbook and record your power data for this section and calculate the power demand of the ADCS module and wheel on the EPS.

Briefly describe what you accomplished in this test.  Did the IHU pass the test as before?  What about the EyasSAT EPS Software Verification Test? 

EyasSAT Subsystem Specifications

Review the subsystem specifications in Appendix D.  

Update your specification verification matrix.  Include the complete matrix in this lab report.

Summary

Were the lab objectives met?  What significant concepts did your team learn?

Thermal Subsystem & Structural Integration


EyasSAT Full Functional Integrated Test

Power Up Test:  Pass/Fail

Sun Sensor Integrated Functional Test:  Pass/Fail

Yaw Attitude Sensor Integrated Functional Test:  Pass/Fail

	Sun sensor Illumination
	Top
(
	Expected
(
	(counts)
	Bottom (
	Expected
(
	(counts)

	None
	
	0.1-0.5 M(
	
	
	0.1-0.5 M(
	

	Ambient
	
	5-20 k(
	
	
	5-20 k(
	

	Full
	
	100 (
	
	
	100 (
	


	Yaw Sensor
	Illumination
	Voltage
	Expected
	(counts)

	1
	None
	
	0
	

	
	Ambient
	
	0
	

	
	Full
	
	~0.5
	

	2
	None
	
	0
	

	
	Ambient
	
	0
	

	
	Full
	
	~0.5
	

	3 
	None
	
	0
	

	
	Ambient
	
	0
	

	
	Full
	
	~0.5
	

	4 
	None
	
	0
	

	
	Ambient
	
	0
	

	
	Full
	
	~0.5
	



ADCS Test in the Freefall Environment:  Pass/Fail

Closed Loop Attitude Control Demo:  Pass/Fail

There is no data to record in this lab except the strip chart data during the thermal characterization.  

You and your team are to prepare an EyasSAT Acceptance Test Report.  Your report needs to include the following:

A summary of all the labs you accomplished 

Any charts, graphs, or technical data that supports your discussion

Any technical deficiencies with your hardware and whether or not it was fixed.  If any data was not able to be taken due to no fault of your team, please give a justification.

A final “strip chart plot” of your data taken during the EyasSAT Full Functional Integrated Test with Thermal Characterization.  Your plot should have time on the X axis and temperature/power on the Y axis.  Place the temperature scale on the left side and the power scale on the right.  The plot must be readable so it is acceptable to print over more than one page and neatly tape together as necessary.  The data you will plot for the entire time is the following:

All 6 thermistor values (ignore the ambient and experiment, unless they were connected)

Power drawn from the battery

Power drawn from the solar array

Power drawn from the 5V line

Label on the chart when significant events took place (wheel on/off, lamp on/off, etc.)

Conclude with a final summary of your team’s experience with the lab.

Attach an “Appendix A”, which will be titled “EyasSAT Specification Verification Matrix.”  It should be a long 3-column table with all the requirements (one per row) in the first column, the method used to verify in the second column, and in the third column put the results.  This will serve as a summary for the report. State if any items are N/A and make each entry as short as possible.

Power Budget Table (filled in after each subsystem is tested, include with final report)

The power calculation is simply the battery voltage times the battery current for that measurement—your result will be in milli-watts.  The module/device power is calculated from the difference of the current value from the previous value—in other words, you want to know how much that unit uses individually.  Do not add in the wheel or the torque rod power draw into the total—these devices are usually duty-cycled at a very low usage rate.  The comm transmit power is also included for reference and operates at a very low duty cycle.

	Module
	BV 
(VDC)
	BI 
(mA)
(ignore - sign) 
	Power (BIxBV)
(mW)
	Module/Device Power (mW)
(current – last)
	(%)
	Expected (mW @ 10 VDC)

	EPS 
	
	
	
	
	250-300

	IHU
	
	
	
	
	
	350-400

	Comm
	
	
	
	
	
	350-400

	ADCS
	
	
	
	
	
	650-700

	Wheel
	
	
	
	
	-
	~1100

	Torque rod 
	
	
	
	
	-
	~1400

	Structure
	-
	-
	0
	0
	0%
	0

	Thermal
	-
	-
	0
	0
	0%
	0

	TOTAL
	-
	-
	-
	
	100%
	1.6-2.0 W


EyasSAT Specification Verification Matrix:

	Reference
	Test Used
	Result

	1.0 EyasSat shall be an affordable and sustainable nanosatellite laboratory demonstration tool for the purpose of Space Systems Engineering instruction based on Space Mission Analysis and Design (SMAD) principles.

2.0 EyasSat shall demonstrate six satellite subsystems (Structural, Electrical Power, Data Handling/Communications, Attitude Determination and Control, Propulsion, and Thermal) and have the capability to optionally support experimental payloads.

2.1 The EyasSat Structural Subsystem shall provide structural support for all satellite modules and components.

2.1.1 The EyasSat Structure shall enclose the EyasSat stack and provide a platform for secondary structures.

2.1.2 The EyasSat Structure shall have mounting locations for the EyasSat Solar Array, EyasSat Thermal Panel (B), EyasSat Thermal Panel (W), EyasSat Charge Port & Harness, and provide one access panel.

2.1.3 The EyasSat Structure shall be mounted on the EyasSat Bottom Assembly, which provides mounting for the EyasSat Separation Switch, EyasSat Sun Sensor (B), EyasSat Stack Rods, and EyasSat Mounting Feet.
2.1.4 The EyasSat Structure shall be enclosed on top by the EyasSat Top Assembly, which provides mounting for the EyasSat Sun Sensor (T), EyasSat Yaw Attitude Sensor, EyasSat Power Switch, EyasSat Lifting Lug, EyasSat Antenna Cable.

2.1.5 The final assembled EyasSat mass shall be no greater than 2.5 kg. (payload mass not included)

2.2 The EyasSat Electrical Power Subsystem shall consist of a solar array for primary power generation, a rechargeable secondary battery, a power regulation and conditioning module, and provide for distribution of regulated power throughout the spacecraft.

2.2.1 The EyasSat Battery  shall consist of two 8.4V Nickel Metal Hydride (NiMh) rechargeable battery packs connected in parallel to provide a secondary battery power supply.

2.2.2 The EyasSat Solar Array shall consist of two 9V silicon-technology solar panels with peak power trackers (PPTs) to demonstrate primary power generation.

2.2.3 The EyasSat power regulation and conditioning (EPS) module shall provide two regulated power supplies (5 and 3.3VDC). Each power supply shall be accessed through one fixed line and three 3.3VDC and five 5VDC switched lines for a total of 10 regulated power lines.

2.2.4 The EyasSat EPS Module shall be able to operate standalone through the EyasSat Data Interface.

2.2.5 The EyasSat EPS Module shall also provide real-time telemetry of the voltage and current levels of the battery, solar arrays, 5 VDC line, and the 3.3 VDC line.  
2.2.6 The EyasSat power bus shall distribute the regulated power described in 2.2.5 to all modules connected to the EyaBus.

2.2.7 The EyasSat EPS Module shall act as a slave to the EyasSat DH Module through the SPI interface on the EyaBus.

2.3 The EyasSat DH Module shall consist of a microcontroller with adequate capabilities to receive commands to and report telemetry from itself and up to eight additional “smart” modules in the EyasSat stack.

2.3.1 The EyasSat DH Module shall run on 5 VDC.

2.3.2 The EyasSat DH Module shall be able to operate standalone through the EyasSat Data Interface.

2.3.3 The EyasSat DH Module shall provide a settable real-time clock with battery backup.

2.3.4 The EyasSat DH Module shall accept and execute commands as defined in the EyasSat command list.

2.3.5 The EyasSat DH Module shall report time-stamped telemetry at a rate configured by the user.

2.3.6 The EyasSat DH Module shall provide eight analog inputs for the purpose of reading thermistor values for thermal telemetry.

2.3.7 The EyasSat DH Module shall provide an interface for wireless communications through the EyaBus.

2.3.8 The EyasSat DH Module shall act as the master to any attached slave unit(s) through the SPI interface on the EyaBus.

2.4 The EyasSat Comm Module shall provide assured wireless communications between EyasSat and a computer.

2.4.1 The EyasSat Comm Module shall run on unswitched 5 VDC.

2.4.2 The EyasSat Comm Module shall emulate the functionality of the EyasSat Data Interfacewith a wireless connection by talking with a “ground” unit (EyasSat RF GSE) connected to the computer.

2.4.3 The EyasSat Comm Module shall interface directly to the EyasSat DH Module.

2.4.4 The EyasSat Comm Module and EyasSat RF GSE pair shall be programmed on the same channel, yet unique from other pairs in the room to avoid cross talk.

2.4.5 The EyasSat Comm Module shall have an “assured delivery” mode to guarantee 100% delivery of data.

2.5 The EyasSat ADCS Module shall provide one degree of freedom attitude determination and control to an accuracy suitable for classroom demonstration.

2.5.1 The EyasSat ADCS Module shall run on switched 5 and 3.3 VDC for the logic functions and supply power to the actuators through the 9 VDC power supply.

2.5.2 The EyasSat ADCS Module shall be able to operate standalone through the EyasSat Data Interface.

2.5.3 The EyasSat ADCS Module shall be able to control the reaction wheel (an actuator) operating in either a zero or positive bias mode. The EyasSat ADCS Module will provide a tachometer output and be reversible.

2.5.4 The EyasSat ADCS Module shall be able to independently control the EyasSat Torque Rod (X) and the EyasSat Torque Rod (Y), which are magnetorquers (actuators). The EyasSat ADCS Module must be able to turn them on and off, and reverse the polarity.

2.5.5 The EyasSat ADCS Module shall have two inputs for a top EyasSat Sun Sensor (T) and a bottom EyasSat Sun Sensor (B), which are Cadmium Sulfide (CdS) type, which will detect light within a narrow range incident to the sensors.

2.5.6 The EyasSat ADCS Module shall have two inputs for the EyasSat Yaw Attitude Sensor, which is a differential Gallium Arsenide (GaAs) type sensor that can be used for attitude determination between +/- 90( from a center point.

2.5.7 The EyasSat ADCS Module shall have thee-axis gyroscope and accelerometer sensors.
2.5.8 The EyasSat ADCS Module shall act as a slave to the EyasSat DH Module through the SPI interface on the EyaBus.
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