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Payload Title: Distant Aerial Cosmic Radiation Acquisition Package  

Payload Class:  Small  Large   (circle one) 

Payload ID: Payload #08  

Institution: West Virginia University  

Contact Name: Kyle Phillips  

Contact Phone: 330-21-7437  

Contact E-mail: kphilli1@mix.wvu.edu  

Submit Date: June 22nd, 2009  

I. Mechanical Specifications:  

A. Measured weight of the payload (not including payload plate) 
In its current configuration, the measured weight of the payload is 2935.00 grams 

(2.9 kg), as seen in the itemized table, Table 1 (next page).  However, this weight is based 

upon two factors that are not completely accurate, currently, but will be adjusted based 

upon the final components that have already been purchased and designed, respectively to 

follow.  First, the West Virginia University (WVU) High Altitude Research Team (HART) 

has ordered a new analog-to-digital conversion (ADC) board, specifically the TS-ADC24, 

which will allow WVU HART to have more ADC channels for instrumentation, has not 

been officially weighed yet.  Second, the frame that was measured and recorded in the table 

below is currently being modified to allow for the electrical components of the package to 

be mounted outside the original frame.  These modifications can be viewed in section B of 

the Mechanical Specifications section.  The modifications to the frame will add to the total 

weight.  However, the final WVU HART will not exceed the maximum allowable weight 

of 3 kg for small payloads. 
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Table 1: WVU HART Payload Weight Budget 

 
B. Provide a mechanical drawing detailing the major components of your payload 

and specifically how your payload is attached to the payload mounting plate 

As the WVU HART has modified the electronics package that it will contain since 

the 2007-2008 campaign, it has had to make modifications to the frame that houses those 

components for the 2008-2009 campaign.  Therefore, the WVU HART has decided to 

move the electrical components outside the original frame, into new additions that they 

describe as “modules,” with the exception of the scintillation detector, which will remain 

inside of the original core portion of the frame.  These modules will all be the same size, as 

the team has kept to its original objectives of versatility and strength in the design of the 

frame for future teams.  The modules were designed based on the physically largest 

electrical component, the Single Board Computer (SBC).  Therefore, each module’s 

dimensions are 5” in width, 8” in height, and 1” in depth.  The 1” of depth space was 

confirmed by an LSU HASP team member via e-mail.  As specified in HASP 

documentation and e-mails, since the cross-sectional dimensions of the frame modules 

exceed the standard footprint, the enlarged cross-sectional area must start at a minimum of 

3” above the PVC mounting plate.  Thus, the new frame modules start 3.5” from the PVC 

mounting plate, allowing for ½” Styrofoam® to envelope the frame for thermal and 

environmental protection.  These specifications may be found in Figures 1a and 1b (next 

page).  Moreover, depending on the amount of weight added by the module framing, and 

the increased amount of insulation that accompanies it, the WVU HART plans to add thin 
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sheet metal to the larger area of the framing (i.e. the 5” by 8” sides).  The sheet metal sides 

will serve two purposes.  First, the sheet metal will allow the WVU HART to attach its 

electrical components anywhere on that surface, allowing for even greater versatility.  

Second, the sheet metal surfaces will allow radiative cooling for the electrical components 

mounted on them.  The WVU HART has yet to determine the best method, but one that has 

been widely discussed is using non-electrically conductive, heat-sink epoxy affixed 

between the circuitry and the sheet metal to provide that cooling.  Other methods will also 

be tested and considered, such as heat piping, radiative fins, etc.  Once again, only the sides 

that contain the sheet metal will be exposed to the atmosphere, while everything else will 

be contained with Styrofoam® casing for environmental protection.  Also, note that the total 

base-width of the payload, including the Styrofoam® case, is no more than the allotted 

5.875” by 5.875” footprint. 

 

 
Figure 1a: Modified Frame,

Including Modules 
 

Figure 1b: Modified Frame Specifications 
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Eight ¼”-20 bolts will be used to secure the WVU HART payload to the HASP-

provided PVC mounting plate, at the location of payload 08.  Assuming that the WVU 

HART’s payload weighs the maximum allotted amount for a small class payload, 3 kg, 

at a 10g vertical loading and a 5g horizontal loading, the WVU HART payload would 

exert a force of 294 N (i.e. 66.09 lbf) and 147 N (i.e. 33.05 lbf) in the vertical and 

horizontal directions, respectively.  The mounting bolts to be used to connect the WVU 

HART’s payload to the HASP-provided PVC mounting plate are ¼”-20 brass flat head 

bolts, which have head diameters of 0.477 in., yielding head areas of 0.1787 in2.  One 

may note that each bolt will carry maximum stresses of 369.84 psi and 184.95 psi in the 

vertical and horizontal directions, under the 10 g and 5 g loading conditions, 

respectively.  However, the minimum tensile strength of the mounting bolts is 53,000 

psi, each, as provided by McMaster-Carr’s website.  Hence, factors of safety of 143 and 

287 exist in the vertical and horizontal directions, respectively, easily supporting the 

WVU HART’s payload under the HASP-specified loading conditions presented in the 

“Call for Payloads 2008-2009” document.  Figure 2 specifies the locations of the bolts 

that will mount the frame to the HASP-provided mounting plate. 

 
Figure 2: Payload 08 Modified HASP-Provided Mounting Plate 
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C. If you are flying anything that is potentially hazardous to HASP or the ground 

crew before or after launch, please supply all documentation provided with the 

hazardous components (i.e. pressurized containers, radioactive material, 

projectiles, rockets…) 

The WVU HART’s payload will not contain any exotic, potentially hazardous 

materials.  However, hazardous potentials still exist.  The WVU HART’s payload 

carries an inherent risk due to its vast abundance of electronics.  Any time that 

electronics are active and the power is on, there exists the risk of accidental electric 

shock or accidental electrocution.  The highest voltage contained within the current 

electrical configuration nears 1250 VDC, an amount considered to be high voltage (i.e. 

voltage above 500 V), which is very hazardous to the human body.  Thus, certain 

procedures must be followed when handling the WVU HART’s payload.  Whenever 

the Styrofoam® protective case is removed from the exterior of the payload, the power 

supplied to the electronics must be turned off before the removal of the case.  

Furthermore, if the electronics are to be maintained or measured, precaution and 

common sense must be used abundantly.  One may note that all of the electronics 

contained within WVU HART’s payload will be properly protected, and a high voltage 

warning sign will be affixed to the exterior Styrofoam® casing of the package.   

Additionally, the Styrofoam® pieces, the MSDS of which may be found in 

Appendix B, were bonded with Loctite® Brand epoxies.  Two different types of epoxies 

were used to construct this payload, specifically 5 Minute Instant Epoxy and 5 Minute 

Quick Set Epoxy, both MSDS’s of which are included in Appendix A.  Lastly, an 

MSDS in Appendix A is provided for the scintillation crystal, even though it will be 

permanently encased in an aluminum housing, within the Styrofoam® protective core.  

However, one may note that all of these hazards are relatively low-risk hazards, as long 

as the proper precautions are taken with the electronics. 

D. Other relevant mechanical information 
No other relevant mechanical information is applicable at this time. 
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II. Power Specifications: 

A. Measured current draw at 30 VDC 
Since the WUV HART does not know the specifics of the HASP payloads 

supplied power, and the fact that it did not have a 30 VDC power supply available, it 

measured the current draw of its components at 35 VDC, which is presented in Table 2.  

One may note from Table 2 that the WVU HART current draw will be significantly 

below that of the maximum allowed current draw of 0.5 A. 

Table 2: WVU HART Power Consumption 

Electrical Component Measured Current  

Draw @ 35V 

DP4/PC4-2 (Amptek Assembly) 5 mA 

SBC (TS-5400) 140 mA 

ADC (TS-9700) 10 mA 

Scintillation Detector 6 mA 

Total Current Draw 161 mA 

B. If HASP is providing power to your payload, provide a power system wiring 
diagram starting from pins on the student payload interface plate EDAC 516 
connector through your power conversion to the voltages required by your 
subsystems. 

Figure 3 (next page) introduces an overview diagram, at the systems level, of the 

WVU HART electronics package. 

A power system wiring diagram is provided in Figure 4 (page 8).  Several 

observations may be made from this diagram.  First, two DC-to-DC converters convert 

the 28 VDC supplied by HASP to both 12 VDC and 5 VDC.  The 12 VDC is then 

converted to 1500 VDC high-voltage that supplies the scintillation detector.  The 5 

VDC powers the AMPTEK DP4 Digital Pulse Processor.  Furthermore, one may note 

the switches that accompany the DC-to-DC converters.  These switches have been 

installed to limit the current transients encountered during startup of the electronic 
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hardware, enabling a “slow, soft start” of the hardware.  In addition, a positive regulator 

is used to supply a 3.3 V power source for the GPS. 

Figure 5 (next page) presents schematics for several miscellaneous electrical 

components contained within the WVU HART electronics package, including power 

schematics for the GPS receiver, the temperature sensors, and the LED indicators. 

 

 
Figure 3: WVU HART System Overview Block Diagram 
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Figure 4: WVU HART Power Supply Diagram for Major Components 

 

 
Figure 5: WVU HART Power Supply Diagram for Peripheral Components 
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C. Other relevant power information. 
No other relevant power information is applicable at this time. 

III. Downlink Telemetry Specifications: 
A. Serial data downlink format:  Stream  Packetized (circle one) 

B. Approximate serial downlink rate (in bits per second) 
50 – 60 bits per second (averaged over the transmission period) 

C. Specify your serial data record including record length and information contained 

in each record byte. 

Approximately every 60 seconds, a diagnostic record will downlink via the HASP 

primary payload.  Table 3 (next page) presents a breakdown of the contents of each 

record.  Each record will be 313 bytes in length.  In addition to the regular status 

records, the payload may also downlink a data packet upon manual command, uplinked 

from HASP (See Uplink Modifications).  The data packet will consist of 270 bytes of 

data, as outlined in Table 4 (next page), that can be used to confirm proper data 

collection by the payload.  All these records will be transmitted at 1200 baud via the 

HASP serial connection. 
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Table 3: Diagnostic Record 
Byte Description 
0-13 Record Header (“WVU_HASP_2009”)
14-17 Record Number 
18-37 Date & Time 
38-45 SBC Status 
46-53 ADC Status 
54-62 DP4 Communication Status 
63-70 DP4 Status Packet Acquisition Status 
71-79 DP4 Configuration Status 
80-87 DP4 Spectrum Acquisition Status 
88-93 GPS Status 
94-97 PWR1 Status 
98-101 PWR2 Status 
102-105 PWR3 Status 
106-249 ADC Individual Channel Readings 
250-261 GPS – Time Code 
262-273 GPS – Latitude & Card. Sign 
274-286 GPS – Longitude & Card. Sign 
287-288 GPS – Fix Quality 
289-291 GPS – Satellites 
292-301 GPS – Altitude 
302-311 Last 5 Manual Commands Received 

312 Record End Byte (<CR>) 
 

Table 4: Data Packet Record 
Byte Description 
0-17 Record Header (“WVU_HASP_2009_DATA”) 
18-21 Data Record Number 
22-41 Date & Time 
42-45 Data Collection Cycle Number 
46-56 DP4 – Last Cycle Detection Data (Fast Count) 
57-67 DP4 – Last Cycle Detection Data (Slow Count) 
68-74 DP4 – Last Cycle Detection Data (Accumulation Time) 
75-78 DP4 – Board Temperature Reading 
79-168 DP4 – Ten (10) Sample Channel Readings 
169-268 GPS – Raw GPS String 

269 Record End Byte (<CR>) 

D. Number of analog channels being used: 0 

E. If analog channels are being used, what are they being used for?  N/A 

F. Number of discrete lines being used: 0 
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G. If discrete lines are being used what are they being used for?  N/A 

H. Are there any on-board transmitters?  If so, list the frequencies being used and the 
transmitted power.  No 

I. Other relevant downlink telemetry information. 
No other relevant downlink telemetry information is applicable at this time. 

IV. Uplink Commanding Specifications: 
A. Command uplink capability required: Yes No  (circle one) 

B. If so, will commands be uplinked in regular intervals: Yes No (circle one) 

C. How many commands do you expect to uplink during the flight (can be an 
absolute number or a rate, i.e. n commands per hour) 

Ideally, it will not be necessary to uplink any commands during flight.  This 

capability will only be utilized in the event of a malfunction or any other off-nominal 

event.  Therefore, a specific number or rate is not possible to specify, at this time. 

D. Provide a table of all of the commands that you will be uplinking to your payload 

While all specific manual commands have not yet been determined, they currently 

include, but are not limited to, those listed in Table 5. 

Table 5: Diagnostic Record 
Command Byte Value (Hex) Description 

0x1A Complete Restart 
0x2B Cycle Power to DP4/PC4 
0x3C Cycle Power to Scintillation Detector 
0x4D Transmit Data Record 
0x5E End Current Detection Cycle 

E. Are there any on-board receivers?  If so, list the frequencies being used. 
The payload has a GPS receiver operating at the standard civilian L1 band at 

1575.42 MHz 

F. Other relevant uplink commanding information. 

No other relevant uplink telemetry information is applicable at this time. 

V. Integration and Logistics 
A. Date and Time of your arrival for integration:  

Sunday, August 2nd, 2009 (i.e. 8-2-2009) 
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B. Approximate amount of time required for integration: 5-7 hours (maximum) 

C. Name of the integration team leader: Kyle Phillips 

D. Email address of the integration team leader: kphilli1@mix.wvu.edu 

E. List ALL integration participants (first and last names) who will be present for 
integration with their email addresses: 

Table 6: WVU HART Integration Members 
WVU HART Team Member WVU HART Member’s E-mail 

Lee Blake (Software Engineer) leepaulblake@hotmail.com 
Mehran Mohebbi (Project Lead) mmohebbi@mix.wvu.edu 
Kyle Phillips (Integration Lead) kphilli1@mix.wvu.edu 
Dr. John Kuhlman (Faculty Advisor) John.Kuhlman@mail.wvu.edu 
Dr. Mike Palmer (Faculty Advisor) gmpalmer@verizon.net 

F. Define a successful integration of your payload: 

The integration of the WVU HART payload will be considered to be successful 

upon the completion of the integration process outlined in Section G. 

G. List all expected integration steps: 
On Monday, August 3rd, the integration team leader, Kyle Phillips, and WVU 

HART, will initiate final inspections, mechanically and electronically, on the WVU HART 

payload, with the help of the integration participants listed in Table 2 (Section E).  The 

final mechanical inspections will include, but not be limited to, checking bolt tightness, 

inspection of epoxy adhesives and the seals created by those adhesives, and overall 

structural support of all electronics.  The final electrical inspections will include, but not be 

limited to performing, both hardware and software diagnostics.  Hardware diagnostics may 

include such steps as the observation of startup current transients and the observation of 

voltage levels throughout the circuit boards, in addition to ensuring the current draw and 

power requirements are within limits.  Software diagnostics may include such steps as 

running a typical radiation detection software simulation, without the use of a radiation 

source.  During this simulation, all of the systems will function as if they were in a flight-

ready status.  The simulation will record test data and run the hardware in a simulated 

flight-ready status manner.  This will allow the WVU HART to observe the operation of 

both the hardware and the software in a simulated flight mode.  Any faults found in either 
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the mechanical or the electrical inspections will be promptly and completely resolved, 

using any WVU HART materials and tools necessary. 

Additionally, the WVU HART requests use of the NASA CSBF Thermal and 

Vacuum Chamber, as specified in the overall HASP integration procedure, to test for 

pressure and temperature levels, as well as electrical arching at altitude, a problem believed 

to have been encountered in previous failures.  Furthermore, the Thermal and Vacuum 

Chamber test will ensure the proper functioning of the payload at environmental conditions 

encountered throughout flight, testing the mechanical and electrical systems of the WVU 

HART’s payload. 

On Tuesday, August 4th, 2008 (i.e. 8-4-2008) the WVU HART is scheduled for their 

official integration with the primary HASP payload.  The integration process will be very 

similar to the final inspections that will be carried out on August 3rd.  First, the WVU 

HART will complete the mechanical integration with the primary HASP payload at its 

designated position (i.e. Payload 08).  The mounting of the payload will be inspected 

thoroughly to ensure a tight and secure mechanical integration.  In addition, a quick 

mechanical inspection of the WVU HART’s payload will include inspection of the 

electronic mounting within the payload, an inspection of the frame, an inspection of the 

mounting between the frame and the HASP-supplied PVC mounting plate.  After the 

electronic integration, an inspection of the final and secure position of the Styrofoam® 

protective and insulating case will be carried out, completing the mechanical integration of 

WVU HART’s payload.  Additionally, as previously alluded to, an electrical integration is 

also very necessary, as a connection must exist between the primary HASP payload and the 

WVU HART’s payload.  After a successful physical electrical integration, and after a 

proper inspection of the electrical connection between HASP and the WVU HART 

payload, the remainder of the electrical integration will also be similar to the electrical 

inspection performed on August 3rd.  However, a foremost electrical diagnostic that must 

be run is to ensure that there is proper communication between the WVU HART payload 

and the primary HASP payload.  Once a successful connection between the two payloads 

has been fully established, a software simulation will be run, as was completed on August 
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3rd.  Once again, as completed on August 3rd, after all hardware and software diagnostics 

have been run and found to run successfully, the integration of the WVU HART’s payload 

will be considered to have been successfully integrated, at that time.  The entire integration 

of the WVU HART’s payload is expected to take no longer than a maximum of 5-7 hours.  

Again, any faults found in either the mechanical or the electrical inspections will be 

promptly and completely resolved using any WVU HART materials and tools necessary.  

Lastly, one may note that the WVU HART’s HASP Flight Operation Plan will accompany 

the WVU HART to NASA’s CSBF, and will be submitted at that time. 

H. List all checks that will determine a successful integration: See Section G 

I. List any additional LSU personnel support needed for a successful integration 
other than directly related to the HASP integration (i.e. lifting, moving equipment, 
hotel information/arrangements, any special delivery needs…): 

The WVU HART does not expect that any LSU personnel, except those 

overlooking the integration process, or LSU equipment will be needed.  However, 

small hand tools and technical advice may be needed, as unforeseen events could arise. 

J. List any LSU supplied equipment that may be needed for a successful integration: 

See Section I.
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Appendix A 
MSDS Sheets
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Styrofoam® MSDS (Reference: http://building.dow.com/styrofoam/na/res-us/products) 
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Epoxy MSDS (Reference: http://www.henkelcamsds.com/product.asp) 
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Sodium Iodide Thallium Activated NA(Tl) Crystal MSDS Sheet 
(Reference: http://www.detectors.saint-gobain.com/home.asp) 
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