EA-467  Spacecraft Laboratory – SUMMARY for Fall 2006
     18 Apr 2006
To make sure we are all on the same page with the planned EA-467 LABsat Lab upgrade for this fall, this document attempts to provide a brief overview of what the students will actually do.   To begin with, here is what we did last year:


Intro, Orbits, STK, orbit project and Presentation:


7 periods

Lectures; Antennas, RX, TX, Telemetry, signals, thermal:

5 periods


Core labs; Antennas, Receivers, Transmitters, Telemetry, signals:
9 periods


Thermal and Attitude control




4 periods

Practicals, PCSAT1 and PCSAT2, planning and operations:

4 periods

The new thrust basically covers the same material, but with two lessons learned…  First,  the labs will be more contiguous and integrated with the emphasis on LABsats as a final product, and Secondly, less time will be spent on lectures, and some of that time will be better used to improve the continuity and emphasize the integration of the disciplines into the LABsat final system.
Lab Re-Write:  As a first step, I have gone through all the labs and have re-written them (first draft is mostly name changes and emphasis changes to clearly distinguish the hardware used as being part of an integrated LABsat system).   To help distill the 60 pages of labs, I cut-n-pasted only the action phrases from all labs down into only 8 pages (one-page-per-lab) so that it is easy for you to review exactly what the mids do or will do.  Again, most labs were already using the LABsat hardware, and only needed to be re-phrased and other minor changes to make them part of the integrated process.  Only a few sections need to be re-vamped.  I have a 3 ring binder with all the labs if you want to look at them.  Also on the top of each page is an assessment of how much of the lab is associated with the LABsat model.

New Material:   Here are sections that will be new (some of them already built and tested):

1. Added hot-gas chemical thruster for spacecraft spin-up (already demo’ed in EA-204)

2. Will add Sun Sensor to Attitude lab and have them derive attitude vector from telemetry.
3. Will add CPU and write routines for ADCS demos (ie, sun-pointing)
4. Will change some of the antenna labs to use LABsat antennas instead of generic ones.
5. Will re-write most of the white/black thermal exercises to use LABsat in air and Vacuum
6. Need to add “Integration Exercises”.  I’m open to suggestions here.  My first cut is:
a. During intro labs, discuss LABsat specifications

b. Add Performance-Test “flavor” as last step of EPS, RX/TX, Telemetry and antenna labs

c. Add a final Functional Test Plan and full up test scenario for each team’s LABsat

Sequence:  Since the LABsat telemetry system will be used in many of the labs as the primary data collection system, it would be best to be introduced early on in the series.  I doubt this will fit well with the Space-Power-&-Comm lectures.  We might just have to have it out of sequence.  Or in the lab, we can just use the telemetry system as a black-box data collection system and detail the “telemetry” details later to match the lecture sequence.  

Long Term:  For the attitude control, the goal is to build a simple cold-gas thruster for each LABsat.
Bob Bruninga

Orbits Exercises Using STK

(does not use LABsats)

Fall 2005
1.  Tutorials:   … complete two tutorials … complete the following training scenarios:  “orbits”, “basics”, “graphs”, “sgp4”, “reports”

a. …“specialize” in … two areas … “coverage”, “access”, “comm”, “sensors”, “chains”.  

b. …look at the “Step-by-Step” tutorials 

c. …load some of the scenarios…

2.  Exercises:  Complete the following exercises…update your satellite database…

a. …numerical codes should be checked … Predict Sun & Moon rise with STK.  Compare …

b. Insert satellites describe orbits and calculate accesses:

Create a scenario…Insert a ground facility at Annapolis Maryland using the STK Database….Insert the satellite “PCSAT” and the ISS … Write the COE’s for these two satellites and describe the orbits. …Using “access” and “AER” find out when these two spacecraft will be in view …… predict the passage by USNA of ISS…U two different propagators from STK.  …Discuss your results and why there are differences….Which type of orbit is most sensitive to the type of propagator and why?

c. …insert some more satellites, … examine several mission orbits and a few satellite constellations…. COE’s for a representative satellite and describe the orbit.   What is the mission of each satellite?  How does the ground track reflect the mission requirement?  Discuss why you think the orbit is appropriate for the given mission. 

Insert several GOES satellites… What is going on with GOES-01?)…Insert DMSP satellites …Insert some LANDSATs.  Do they have anything in common with the DMSP birds?...Iinsert the GPS and IRIDIUM constellations… Do they… provide global coverage?  …

d. . Look at www.celestrak.com … Two-Line Element sets or TLE’s.  Label each term in an exampleset.  … for a Molniya satellite.  Describe… Import …and propagate the orbit.   

Notes:

1. …answer the questions in short answer/essay form for each part.

2. …cut and paste data from STK into a text or Word file [as needed]…

3. … make a table for each satellite or constellation.

EA-467 NASA Goddard Trip 


25 Oct 2005


Fall 2005

0730  MUSTER:
sections 1001 and 3001 in midstore parking lot

0830  ARRIVE NASA.  Commence tour of:

· Visitors Center

· Main integration facility

· Hubble Integration Facility

· SHOH or other Spacecraft Program

· Integrated Design Center

1145  Return to USNA

EA467 Mission Design & Analysis Project

(does not use LABsats)         Fall 2005
Purpose:  …perform …conceptual design of space mission using Satellite Tool Kit. … You may work in groups of two … a briefing report of no less than ten (10)  charts…

a. MEO Comms Satellite Constellation:  between +/- 70 degrees LEO Reconnaissance Spacecraft: 
b. A LEO spacecraft constellation (3 satellites) with … sensors must image an important location.

c. LEO Remote Sensing Constellation: Using a LEO’s… to study the rainforests of Central America 

d. Bay Buoy Monitoring Constellation: …small constellation of “PCSat” like satellites to monitor fixed and drifting buoys in theAtlantic Ocean. 

e. Mars or Moon Mission:  Use the Astrogator tool in STK to plan a Mars or Lunar rendezvous. 

f. Dynamics and Modeling Demo:  Use a LEO remote sensing satellite like that of option b or c above and demonstrate sensor pointing, spacecraft slewing and solar panel solar tracking in a live demonstration of at least three orbits.

g. Space Launch Scenario:  Use STK simulations to examine a spacecraft launch from Cape Canaveral Air Force Station (CCAFS) direct to a geosynchronous transfer orbit (GTO) and then simulate the spacecraft separation and entry into the final geostationary orbit (GEO).

h. PCsat Operational Predictions: : Propagate PCsat orbits for the next year and determine when PCsat is in full sun…and which ones have the +Z panel seeing the most sun. …find the when the sun is actually the strongest on the +Z panel …
i. SUITSAT Project:  Make some estimates about the drag and mass of the empty suit and use STK to predict the lifetime of this "suitsat-satellite".

j. An ANDE STK project:  ANDE… is to accurately measure drag in orbit… predict and plot the lifetime for ANDE if it were deployed now.

k. RAFT Project:  the orbit for MARScom… is so low …and the ISS orbit precesses, and so the view times for YP's will rotate through the times of day … how long would it last?  … Comment on the utility of this communications system to the various YP blocks… 

l. PCSAT2:  Work up a graphical aid to assist PCSAT2 operators to know what periods of the day are reachable by what ground stations.  What periods of the day are PCSAT2 out of communications for the longest period, etc?

EA467 Communications Laboratory: Antennas    
(27% LABsats)
· Receive gain pattern of the fundamental antenna, a dipole.

· Gain and beam pattern of helix antennas and dipole with reflector. 

· Beam pattern and relative performance of parabolic dish antennas. 

· Received power from a spacecraft and antenna Standing Wave Ratio (SWR).

· Antenna matching and minimizing SWR on the ANDE and LABsat spacecraft

Part A.  LABsat Dipole Antenna Pattern: … a fundamental dipole… on a LABsat… Slowly rotating the LABsat dipole using the linked synchro motor dial. Notice … 20 dB of signal variation as the antenna is rotated.  …  Sketch the signal strength versus azimuth …  Discuss the location and orientation of the antenna relative to the …[xmtr]…  How does this antenna pattern compare with the ideal dipole… 

Part B.  HELIX Antennas:  …uses live signals from the Navy’s communications satellites… Tune… to 260 MHz …Point the helix southwest … Record the azimuth, and elevation and signal strength of the peak signal.  …Swing the antenna… in 15 degree increments… to make a polar plot of the antenna pattern…. measure the approximate diameter, pitch and length of the Helix…. Using the link equation … calculate the received signal strength…  Add to this, the gain of the antenna, the cable loss and the amplifier gains… calculate the gain of the helix from the dimensions… Plot the helix antenna pattern …

Part C.  UHF FLTSAT Reception:  … compares the gain of  a Manpack antenna … to the helix antenna used in part B.  …Align the Manpack antenna with FLTSAT  … Measure the SWR of the antenna… Determine the Manpack antenna gain as the difference between ….Part B and the measured signal….  Compare…  Discuss … directivity… Compute the SWR …
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Part D.  Parabolic Antenna Gain:  … use… the 3.8 to 4.2 GHz [dish]…Observe the equipment block diagram and locate and verify all components…. peak for maximum narrowband signal strength reading around 240 deg azimuth and 22 deg elevation.  Tune both receiver and analyzer … Swing the dish… while taking signal… measurements… and make a polar plot… estimate the beamwidth of this antenna.

Part E.  ANDE Antenna Matching:  … use the SWR analyzer…Tune up and down by +/- 30 MHz and note SWR … CAREFULLY adjust …C1 and C2 … to improve the SWR….Record your best SWR …and R + jX impedance…. make an SWR plot to show the 3 dB bandwidth of this antenna …

Part F.  L‑Band Quadrafiller GPS Antenna: … plot the antenna pattern for the GARMIN GPS-III unit that uses a quadrafiller helix….point the antenna straight up, and record the Az/El and signal strength of GPS satellites …  rotate the antenna +/- 180 degrees in 30-degree steps….  Discuss the … differences in signal strength… Plot the vertical antenna pattern … 

Part G.  LABsat Antennas Matching and Tuning:   …Calculate…a ¼ wave … monopole…  Insert the thin antenna …to your calculated length… Tune for minimum SWR. …make a 2.0 bandwidth SWR plot … Move in the vicinity of the antenna.  Notice the effect on the impedance and SWR…  Insert the thicker antenna…  Repeat steps 2 and 3…. plot the SWR …

EA467 Antenna Design using EZNEC     
         (18% LABsat)

Fall 2005
…Select frequency and scale… build your wire-grid spacecraft and antenna model… set the feed point… select the plot type…  then you will… view the antenna model… plot the radiation patters… plot the SWR…  Antenna Models: …called a wire grid model. … segments no larger than about 0.1 wavelength are sufficient… build your antenna model, and SOURCES to set the location of your transmission line feed point.   3D Pattern Plots: … a 3D plot of the antenna pattern that can be viewed and rotated in any angle … or..e, or a 2D plot that contains a number of numeric results such as the maximum gain of the main lobe, and the 3 dB beamwidth…

Part A:  LABsat Dipole Pattern: … build a model of the LABsat 530 MHz dipole… Use at least 10 segments.  Enter your source as the center of the dipole…. plot type to azimuth….set for… free space… Produce a far-field 2D azimuth plot and save…Compare this dipole pattern to the dipole… you measured in the antenna lab.

Part B:  Helix Antennas:  …construct a model of the Fleetsat helix… Use 8 segments per turn and make the wire diameter about 0.4”…Add a perfect ground plane and … set a source at the beginning of wire #1 where it is connected to the ground plane….Hit the Print-Scrn key and paste the images into PAINT and save the 3D and 2D displays….Compare the antenna patterns and plots with the results of your previous lab work.

Part C.   Manpack Antenna: …take measurements of the  manpack antenna … scaling it to 300 MHz and entering a wire grid model of one of the dipoles and the ground plane.  Make the dipole as two rectangles with a small 2” short segment in between and place your source at the center of that short segment…. Make the radials…  give them a meaningful thickness. …Produce both 2D and 3D plots and data….Compare your EZNEC model antenna pattern and gain to your actual measurements.

Part D:  Parabolic Dish Antennas:  Open the file .. “dish.ez”.  View the antenna model… Look at the Far Field and 3D plot and then 2D plot and antenna gain…. adjust the height of the feed … and see the effect on the gain and radiation pattern…. find the location of the highest gain… Adjust the length and thickness of the feed dipole to get the lowest SWR at 2400 MHz….  Compare … with the results of your previous lab work.

Part E.  Omni Antennas, Spacecraft and Multipath:  …Open the file… see how the attern improves with only 1 omni antenna… see how pattern adds more lobes as the frequency gets higher…  see how the lobing gets worse if the two omnis share visibility…

Part F.  Personal Antenna Design:   … design an antenna reflector… build the wire model, and obtain your best gain, and also preferably a low SWR at your operating frequency…. do one of the following suggested projects:…A corner reflector …behind your personal 802.11 Wireless Access Point… A pocket corner reflector for your cell phone … Model the…Cell phone gain antenna…  What is the optimum spacing for the Dipole above the monopole?

Use the results of this lab combined with the results from your practical measurements made on the actual antennas to prepare your formal lab report.  Compare actual results to theoretical or those results from the antenna modeling program to show how theory meets practice.
EA467 Comm Lab -  Transmitters and Receivers
(43% LABsats)
Transmitters…  of Watts…  Receivers… detecting… 10-12 Watts with… good signal-to-noise ratio (SNR). … Receivers … have a 100% duty cycle … transmitter’s… less…The enemy of receivers is noise.  … uses our LABsat … to gain experience with transmitters, receivers, coax cables, low noise amplifiers and modulation schemes for achieving the best SNR… then demodulating the data.  

Part A.  Transmitters:  … measure power output versus power input and calculate efficiency….develop a performance curve …over the range of voltages … measure the heat rise in the final amplifier … to account for …thermal design.  You will also observe any spurious emissions on a spectrum analyzer.

Plot the power input, power output, and temperature versus voltage…. comment on the … transmitter’s impact on the… spacecraft and other payloads….  Compare … spurious emissions to the typical receiver sensitivity….  With a 10% transmit duty cycle, what is the average power required by this transmitter?  How much could you degrade system voltage and still have a useful transmitter? 

Part B.  Receivers:  …  Connect the sig-gen….set… to -127 dBm …power supply to 12 volts… digital voltmeter to … measure the receiver output … Measure Receive Sensitivity… 1 dB at a time until the noise in the receiver quiets by 10 dB  … the “10 dB signal-to-noise” sensitivity.   …notice the quality of the tone signal relative to the noise.  What is the best deviation without adding distortion?… also measure the “20 dB SNR sensitivity” level. ……  Report the signal level…to get 10, 20, 30 and 40 dB of SNR.  Was it linear?  This is called the FM threshold …Measure the … Bandwidth….  Plotting… response against frequency …to… show useable bandwidth …

Part C. Cable Loss (GPS):   Connect GPS … directly to the external antenna …Record the relative signal strength…Connect …with 20’ length of RG-58……connect the 3rd antenna with the 20’ length of low-loss RG-8 cable.  …the chart of coax cable loss per 100 feet below.  How does your data compare?

Part D.  Sun, Galactic and Terrestrial Noise:   … Use the 5’ black dish…Connect an audio voltmeter… Point .. to … cold sky ... Point… at …Maury building…  point… at the sun… point … at Sagittarius… Compare the Sun and ground noise powers to the cold sky  in dB.  Discuss… and Link Budget.  
Part E.  Low Noise Amplifiers (LNAs):  …using… FLTSATCOM make several signal and noise measurements with and without the LNA at each end of the cable.  … Determine …the Analyzer noise floor….With … LNA … at the antenna…  Observe the… SNR….move the LNA indoors…Observe…SNR…. remove the LNA …and observe SNR….Now disconnect the two … line amps …observe the noise …,  signal… and the SNR.  …  Compare …  Discuss … Explain…..

Part F.  FM Demodulation.   FSK … on a TDMA Channel:   …your LABsat … using the AX.25 radio protocol… can share… TDMA …[using] … FSK signals as a pair of …audio tones… Set o-scope… Capture… the …analog waveform … Estimate frequency…  Observe bits…  Estimate … data rate… the data packet length … the number of 8-bit words …Observe the ASCII … of the FSK data… Notice the number of bytes… Discuss… bandwidth and speed…  how many … could share the TDMA channel,… at what.. throughput? … How can they avoid collisions?   comment on its relevance to the link budget…
Part G:  PSK Reception on an FDMA Channel… will … demonstrate … FDMA …and PSK demodulation… Tune to 14.070  MHz (USB).  …[see] the spectrum waterfall display… decode two different signals at the same time… watch the vector scope as the phase-lock-loop acquires the signal and gets into phase lock… You must tune to about 1 Hz tolerance!... note…the…bandwidth of this broadband multi-user channel. …  find at least 3 decodable call signs..  …, comment on the number of signals possible on this FDMA channel, … quality of the signals, the phase shift…, the … vector scope observations and quality of data recovery.  How much bandwidth is used by each signal.  How much “guardband” … between signals.  What kind of impact did noise make on the signal?  

EA-467 Spacecraft Electrical Power System (EPS) Lab
(100% LABsats)
Introduction:  This lab will use the LABsat system…

1. The temperature effects on solar panel voltage output.

2. Battery charge and discharge characteristics

3. The solar panel current-voltage (I-V) and power-voltage (P-V) characteristic curves. 

4. The voltage regulator performance for series and shunt regulators.

5. Solar panel efficiency and shadow effects.

Part A. Battery Discharge :  …record the discharge characteristic of the battery…using…the momentum wheel as the electrical load …and the LABsat telemetry system to record voltage, current and temperature.. plot the voltage, current and power … Discuss…Estimate the area under the I curve to give you the total milliamp-hours from the battery.

Part B. Solar Panel I-V Characteristics:  This experiment will derive the I-V curve for two of our solar panels…. using Hyperterm, begin a new telemetry capture file …Connect the load … to the Solar Panel and …shunt resistor…set the resistor to each of these loads…Connect the [2nd panel ] and repeat… Run the capture file through the data conversion program …and Plot current versus voltage, power vs voltage and identify the peak power point for each panel.  Discuss the curves.  Compute the efficiency of the solar panels at the peak power point.

Part C.   Shadow Affects:  Adjust the load to … peak power…place the … obstruction… along the long axis of the cells… and again for… a column of cells… Discuss the worse case shadow orientation and …

Part D. Series Regulation: … Connect the …solar panel…and… LABsat telemetry …as before, vary the load resistance for: 0, 20, 40, 60, 100, 120, 150, 200, 300, 500, 700 and 900 ……. Plot the load voltage, load current, input power and load power against input voltage.  Note the peak power point.  Comment on the differences in the I-V curve for the regulated load and the unregulated I-V curve.  What is the efficiency of this series regulator then at the load’s peak power point compared to the original I-V solar panel’s peak power point.

Part E. Shunt Regulation:  Repeat all of Part D but for the shunt regulator….Discuss ways of dealing with the heat from the zener regulator…Discuss the differences and why shunt regulators are not used in commercial electronics but are used in spacecraft.  Discuss the impact of disconnecting the zener diode regulator.   
Part F.   Battery Charge Characteristics:  Insert the 6 cell NiCd battery… and the LABsat telemetry system…. it will take 10 hours to record this data, so the instructor will email you your file …   Plot the cell voltage and charge current with time. See if your data detected the peak voltage rise at the point where the cells reached full charge.

EA-467 LABsat Power System Design 

(100% LABsats)
Fall 2005
…  design an electrical power system for your LABsat … selecting from…at least 8 different solar panels of various voltages and currents….  You will be scored on how closely you are able to meet the mission objectives….design, select, and engineer … to fit our 6” cube LABsat and a set of given loads…

Design Power Budget:  First, calculate the average current for your transmitter _______.  …Determine how to wire your momentum wheels to save current and then add up all the load currents to find your average design load ______.  …your mission is in a 35% dark, 65% sun orbit…  charging is only 90% efficient. … compute… the total required average solar current while you are in the sun______.
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Solar panels:  … are eight different… modules … in multiple sizes, voltages and currents and price:

Design Solar Panel System:  …  Once you have selected your solar panel design and laid it out on your FLATsat model with all loads, you will then set it in the solar simulator to evaluate its performance.
System Battery:  Batteries…

Charge and Bus regulators:  The TNC has an internal voltage regulator to provide 5.0 volts… other loads will all run on the unregulated solar array bus.

Receiver/Transmitter:   … are equivalent to their average load current. (18 ohms each)

TNC Telemetry System:  The TNC requires 15 mA at 7 to 18 volts

Momentum Wheels:  We have two motors available with different starting and run currents…

Telemetry System:   You will be using the same telemetry system you used in the telemetry lab….

Channel 2 – (yellow) Solar array bus voltage

Channel 3 – (white) Temperature (R2 selected for a half scale count of 128 at room temperature)

Channel 4 – (green) Motor current as the voltage across a 10 ohm resistor
SCORING:
· Open circuit voltage, short circuit current, peak design power , and peak measured power.

· Array arrangement efficiency (packing density.  Array areas divided by 100 sq inches)

· Array electrical efficiency assuming 100W per square foot illumination

· Solar Bus voltage  (motors are almost constant current (no load).  Voltage will tell available power)

· Mass of solar panels used

Sketch your solar array design ….and specifications.  Compare actual measured values with design values and comment.  Discuss your results under the simulated full sun. … Score your project with these scoring rules:

EA-467  Sensors and Telemetry  
(100% LABsats)


Fall 2005
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Laboratory Procedure:…  each workstation can see the telemetry from all other LABsats on the channel and see how a TDMA channel can carry multiple sources of data by time division multiplexing.

Part A: ADC Input Range  …  demonstrates the Analog to Digital Converter (ADC) 0-5v input range and how  the ADC converts this input into a corresponding 0-255 telemetry count.  This count is then multiplexed together with four other telemetry channels into a single data packet for transmission.
Part B: Sensor Circuitry Design (Voltage Divider)… demonstrates ADC operation in conjunction with voltage dividers to condition the input voltages down to … 0-5V  …Plot the telemetry count versus the voltage input.  Derive a linear telemetry equation to represent the relationship.  Discuss the difference in the calculated and measured R1.  Discuss the maximum input voltage that this voltage divider can measure.  Annotate the telemetry packet you saved.
Part C: Battery Charge Current Telemetry Channel… demonstrates how the ADC is used to measure current…Make a plot of the current versus telemetry count and derive the coefficient for the linear telemetry equation (I = A x X) …  What would be the exact value of the 2 ohm resistor to give exactly a value of 10 mA for each telemetry count?...  What value resistor will give that 5 volts when 255 mA of current is flowing?... Discuss the implications on the rest of the circuit by using a 2 ohm shunt resistor….  What about higher currents?  What about resolution?

Part D:  Temperature Measurements: …. simply replace either R1 or R2 with a resistor that varies according to temperature……adjust the R2 … so the telemetry… is approximately 128 (half of 255), …Record the temperature …at room temperature.   …  Record the … body temperature reading…. measure also the temperature of ice, cold water, and hot water….Plot the temperature versus telemetry count….Derive two engineering unit conversion telemetry equations to convert the ADC count to temperature:  - a simple linear equation for the temperature between –20 C and +20 C…. - a  3rd order polynomial for temperatures over the full range of the curve….Estimate… the temperature represented if you were to receive a count of 190.

Part E: Serial GPS Data…  adds a GPS unit…, to demonstrate…packetize or bundle serial data from any other kind of sensor into the downlink stream.   …connect … to your PC’s RXD line…. Observe the …GPS serial data…Capture a complete set for your report…  Take your LABsat out doors…  at the ground station console… see if your station has appeared on the map. …Identify the GPS … LAT/LONG fields.  Annotate the different fields in the GPS serial data. …See some GPS …reports from users of our USNA satellites.  Go to both of the following sites:…

EA-467 ATTITUDE CONTROL LAB

(100% LABsats)
Fall 2005
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    Cannot do in lab
Part A: Preliminaries – Measuring the Earth’s Magnetic Field Lines:…  use a compass….  Measure the direction of the Earths Magnetic Field vector …at your labstation… and transfer to the lab layout diagram so that we can see the summation of the magnetic field lines…  Also use one of the “dip needles” to measure the dip in the magnetic field…
Part B:  Measuring the Satellite’s Attitude:    … take the +X and –X solar panels and …difference in currents… Similarly… taking X, Y and Z magnitudes we get the attitude vector A(x,y,z) .  Take the SUN lamp from several different locations..  Capture the concurrent telemetry data…. compute the attitude vector with regard to the sun lamp.  Compare the results with your original angles.

Part C:  Moment of Inertia:   … compute the moment of inertia of the spacecraft… from its parts..
Part D: MAGsat Passive Magnetic Stabilization:  
Mark the stable alignment of the X and Y axis… take one of the permanent magnets … and insert it into your FOAMsat … orthogonal to the field lines.  Observe the movement of the spacecraft towards the north or south … This orientation has the force of the magnet times the cosine of  the angle-off-north (or south) balancing the spring torque of the string.  Calculate this string torque.  Now [do the same for Y]…

Part E:  Preliminaries - Measuring the String Torque:  The torque of the string is extremely small, but we can still measure it using the technique described in the figure below…… For small displacements, this Force is related to the weight of your satellite by the sine of the angle of the displaced string.

Part F:  SPINsat Momentum Wheel:  …  Command station sends CTRL A ON to spin the motor….  After 15 seconds, then for the next 15 seconds a second observer counts the number of rotations of the spacecraft so that we can make a good estimate of its angular velocity at momentum wheel steady state….    After 30 seconds, the command station will send CTRL A OFF.  This will de-spin the wheel and at the same time, begin  to despin the spacecraft.  

Part G:  TORQUEsat Torquing Coils:           …  Send the CTRL A ON or CTRL B ON command to energize the coil.  Observe the maximum change in orientation…. After you have measured the maximum orientation change you can make, you are welcome to try to spin up the spacecraft by alternating the pulsing of the coils.

Part H:  ROCKETsat Thrusters:
… Weigh your ROCKETsat… calculate the moment of inertia about the Z axis… heat your thruster to ignition…. Observe the initial reaction spin rate of your spacecraft... calculate the thrust of your engine.  

EA467 Thermal Lab                         (can be 100% LABsats)
Fall 2005
This laboratory will demonstrate all heat transfer mechanisms; conduction, convection and radiation by simulating spacecraft panels and radiators as well as pumped fluid loops….

Part A.  Heating in One Atmosphere:   … two 2” x 2” x 1/16” Aluminum plates… in a thermal insulator with one exposed free surface …  heater strips will heat the plates initially….  Upon reaching a nearly steady-state condition, a heat lamp will be turned on to further heat up the plates.    
1. Record initial temperatures of all plates and room temperature.

2. Turn on the power supplies to the heaters … and immediately begin recording temperatures.  

3. In the first five minutes you will need to record temperatures every 15 seconds.  

4. …reduce the measurement periodicity…  Start with 30 sec and then… every minute.  

5. Continue recording data until the temperatures reach steady state.  

Part B.  Heat Transfer in a vacuum:   Repeat Part A except in a vacuum.  Place samples in a vacuum… Lower the bell jar and activate the vacuum pump…. to less than 1000 microns and record temperatures… Leaving the power supplies on, turn on the lamp and repeat step 3, 4 and 5 above in Part A.

Part A  and B Post Laboratory Questions:

1. …does this heater power correlate to the… wiring plan? … relate to the heater specifications below? 

2. … calculate the free convection heat transfer coefficient using correlations provided pre-laboratory 

3. Starting with the black plate … determine… heater power to obtain… steady state before turning on the lamp.  Compare this value to the heater power determined in question 1 above. …why might these values differ?  Is all the heat from heater going into the Al plate?  How accurate is your convection estimate?  How can you check the convection heat loss?

4. Using the results from 3, estimate the emissivity of… white plate.  How does this compare to table 2?

5. Examine… steady state temperatures for… black plate using the lamp and heater…  Assuming an absorptivity of 0.9 …and using the area of the plate, determine the lamp flux in watts/m2.

6. Using the estimate of lamp flux… determine the absorptivity …of… white plate.  How do these correlate with the solar absorptivity…?  What could cause the experimental values to be different? 

Transient Heating (heating w/o lamp): – in one atmosphere and vaccum:

7. Plot… transient data from black and white plates.  Comment on the results. …faster than the other?

8. Using the convection heat transfer coefficient… estimated emissivities and heater power, model the system by forming a 1st order ODE initial value problem and solve it using a Matlab™ ODE solver.  

9. Plot your solutions with the experimental curves….  compare to the experimental data?  Does your model predict… calculated/experimental … temperature and the time required to reach steady state?  What is the time constant for the experimental data?  Compare t for the black and white plates.  What percent of the predicted steady state value should be obtained to determine this time?  How much would you expect the heat transfer coefficient change if you used variable properties? 

Transient Heating (heating w/ lamp): – in vacuum:

10. Using the…temperature for heating without the lamp as your initial condition, repeat steps 7, 8 and 9.
Transient Cooling in One Atmosphere and Vacuum:

11. What was the vacuum pressure…?  what altitude does it correlate?  Space conditions…  How does this vacuum pressure compare?  What is the significance of this information?

12. Use your ODE solution… as the highest temperature reached in one atmosphere and vacuum.  Determine the time required to reach steady state in one atmosphere and vacuum.  What is the significance of this difference to spacecraft design and operations?  
EA467   Spacecraft System and Lab Practicals    (2 carts of show-N-tell HW, with pop quiz at the end)
Introduction:  … hands on… actual flight hardware and components …NASA has… specifications …

Safety:  … eye protection, soldering, debris, chemicals, MSDS sheets, hazardous materials, recycling …

Fasteners:  … Strength, size, capacity … Ease of maintenance and access and tooling…Durability and flexibility… Availability, and cost…Testability and repeatability… Typical are… 

Structures:  …(drilling and milling)… aluminum…, stainless…, and Delron or glass-epoxy…features such as webs, gussets, bend/corner radii, pockets, bosses, and … anodizing … 

Printed Circuit Boards:   …FR-4 or G-10 glass epoxy… very rigid, insulating…good thermal…. surface-mount and through-hole…. lands, pads, vias, and traces…. Design… order it on line.  $51

Soldering:   …Safety… Quality…cleanliness… (flux) and heat transfer (flux).

Connectors: … Typical are D & sub-D … high/low density … BNC’s & … SMA for coax.   Pin sizes, sex and voltages on …pins.  Soldering/crimping.  headers, inserts, backshells, clamping and jack-screws.

Wires:  …resistance, capacitance, inductance, insulation, current carrying amperage, voltage  breakdown, temperature specifications… Typical will be #20 to #24, Teflon coated, silver, always stranded.

Fusing:  … fast-blow, slow-blow, and resetable, fuses… usually double the expected current. 

Conformal Coating:   …#1 job …to cover all conductors and pins so that nothing can short them out.  

PCSAT2 Design Lab:  (description, specs, design and operations summary & web page)   Fall 2005
1) Activate  EVA switch on prototype… send … ARM commands … password …logon.
2) Set Telemetry to 10 secs, Enable PCSAT2 Voice Relay and activate it… from ground station.  

3) Observe telemetry…  Command on the Receiver heaters and observe the receiver temperature.

4) End the simulated pass by sending the EVA safe command and observe system shut-down.
EA467  PCSAT2 Special Event Operations LAB:



 

 Fall 2005
...we have informed the AMSAT community… we will be  responding to packet user uplinks … with…voice on the voice transponder.  This kind of cross-band, cross mode has never been done before.

Telemetry:   …we will capture all telemetry…
Preparations:  reviewing … web pages, and downloading the latest Keplarian elements…running instantrack,..  Setting clocks to correct time.  Prepare for these tasks:
Operations:  The following student volunteers will operate the station with tasks listed:
Tracking Officer: … Voice Tracker: …Command Operator: … Packet Receiver Operator: …Voice Receiver Operator: …Voice Operator:… Telemetry Officer: …PAO student: …
___________________________________________________________________________________

EA467  PCSAT2 Operations LAB
(EVA Shutdown)

 


 Fall 2005

Your Mission:  … real world involving NASA and DOD professionals and your job is to plan how this EVA safety process will take place… form teams of two and work up your plan…by end of class.

Constraints: Check… telemetry for Battery voltage to assess the criticality of the timeline required..  Astronaut suit prep for EVA is 3 hours earlier…we must have backup orbits… we must have at least 1 (best 2) ground stations confirm that PC2 is off… we must minimize off time…we have command stations in USNA or New Zealand… Japan, London… Calif  … and Hawaii…cannot be re-activated until after 8.3 hours … not later than 24  hours … off time …dependent on … charge… Desired operations are waking hours.  All ground stations are in different time zones.

Plan execution: … plan will consist of a time line… detailing all steps, notifications, contingencies….plan is due by noon on Thursday, contact active players, get confirmation before Fri COB…. must account for delays in international Email reading/work/sleep times at all stations.

Resources:  The following web pages and resources are available to assist you….
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