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Brief Introduction 
 The payload presented by the West Virginia University High Altitude Research Team 

(WVU HART) will attempt to measure cosmic radiation at varying altitude.  Specifically, the 

WVU HART payload will primarily employ a scintillation detector, constructed by Saint-Gobain 

Crystals, coupled with a DP4 Digital Pulse Processor, a PC4-2 Power Supply Board, both from 

AMPTEK, and a control circuit board developed by Dr. Mike Palmer, faculty co-advisor for 

WVU HART.  These components will allow the WVU HART payload to count the number of 

high-energy particles encountered by the payload, and classify those particles based on an energy 

spectrum generated by AMPTEK’s DP4 circuit board.  As the entire High Altitude Student 

Platform (HASP) payload, including WVU HART’s payload, and that of several other 

universities and institutions, ascends through the Troposphere, the Tropopause, and to a final 

float altitude at approximately 36 kilometers (22.5 miles or 120,000 feet) in the Stratosphere 

(also known as the “Ozone Layer”), the WVU HART payload will continuously count and 

classify the energy levels of the cosmic radiation encountered.  In addition, the WVU HART will 

be able to distinguish between the number of counts and the type of radiation during sunlight and 

darkness, as the entire HASP payload could be afloat for as long as 20 hours.  Thus, the WVU 

HART payload will contribute to the study of fundamental Physics, high-energy particle Physics, 

and to the Aerospace industry, as cosmic radiation affects both the human body through genetic 

mutation, and the performance of various spacecraft hardware components.  The five sections to 

follow will describe some of the technical aspects involved with WVU HART’s payload, and 

how the WVU HART plans to integrate their payload with HASP’s main payload. 

I. Mechanical Specifications 
 As previously mentioned, the WVU HART’s payload will include several electrical 

components to enable the detection of and energy level determination of cosmic radiation.  These 

components will be protected by an aluminum frame, which is mounted to the HASP-provided 

PVC Mounting Plate and encased in Styrofoam®, for protection and thermal insulation.  The 

electrical components will consist of a control and storage circuit board developed by Dr. Mike 

Palmer, faculty co-advisor to the WVU HART, an AMPTEK DP4 Digital Pulse Processor, and 

an AMPTEK PC4-2 power supply circuit board for the DP4 board.  Furthermore, electrical 

sensors will consist of the Saint-Gobain scintillation detector, consisting of a 3” diameter, 3” 
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deep Sodium Iodide Thallium Activated (i.e. Na(Tl)) crystal and photomultiplier tube, as well as 

three temperature sensors, one mounted on the WVU HART circuit board, another mounted 

inside the Styrofoam® case near the top of the payload, and a third mounted on the exterior of the 

Styrofoam® case.  Lastly, diagnostic LED indicators, and a GPS unit will be added to the 

payload, for the purposes of pre-flight diagnostics and post-flight data analysis, respectively.  As 

with any payload that leaves the Earth’s surface, weight is a major concern.  The HASP 

program’s concerns are no different.  Table 1 reports the component-wise weights for each of the 

aforementioned components, and those that enable the successful operation of the WVU 

HART’s payload.  One may note that the weight of WVU HART’s payload is within the allotted  

Table 1: WVU HART Payload Weight Budget 
Payload Item Weight [g] Brief Item Description / Notes

Specified Payload Mounting Plate: 552.00 PVC, including wiring / Provided by HASP
Insulation and Protection Case: 148.00 Protective Styrofoam Case
Fully Assembled Frame: 390.00 Aluminum Frame, including Plate Mounting Bolts
Scintil lation Detector Protective Core: 60.00 Protective Styrofoam Core, including plastic
Scintil lation Detector: 1788.00 Provided by Saint Gobain, including B14 Sockets
Amptek DP4 Circuit Board: 38.00 Provided by Amptek
Amptek PC4-2 Circuit Board: 20.00 Provided by Amptek
Palmer Circuit Board (estimated): 45.00 Designed by Dr. Mike Palmer
GPS (w/ Antenna and Cable): 27.00 Designed and Produced by Dr. Mike Palmer
RS232/TTL Converters (w/ Cables): 35.00 Electronic Components
Measured Total Weight (w/ Plate, w/o Misc.): 3103.00 Measured Weight with HASP PVC Mounting Plate
Measured Total Weight (w/o Plate, w/o Misc.): 2551.00 Measured Weight without HASP PVC Mounting Plate
Misc. Components (conservative estimate): 224.50 Includes weight of wiring, and yet-to-be-added components, like Temp. Sensors
Estimated Measured Weight (w/o Plate): 2775.50 Includes Miscellaneous Components
Maximum Allowable Weight: 3000.00 Maximum Small Payload Class Weight, as Specified by HASP
Weight Limit Check: Good Ensures Measured Total Weight Without Mounting Plate is Within HASP Limits  

3 kg weight limit for the small payload class, neglecting the HASP-provided PVC mounting 

plate, as specified by LSU’s “HASP – Student Payload Interface Manual.” 

Furthermore, space is limited on the individual HASP payloads, and those payloads need 

to accommodate the size allocated to them, based on the class of payload chosen.  Since the 

WVU HART chose the small payload class, their payload must have a maximum footprint no 

larger than 15 cm x 15 cm (5.875 in x 5.875 in), as specified in the HASP – Student Payload 

Interface Manual.  In addition, the WVU HART was designed for maximum internal frame space 

for proper operation and installation of components, and to allow for possible maintenance over 

the lifetime of the payload.  The dimensions of the aluminum frame are specified in Figure 1, on 

the next page, depicting symmetrical side views and an overhead view.  Additionally, on page 4, 

Figure 2 illustrates a cross-sectional view with pertinent dimensions of the WVU HART’s 

payload, shown as if it were cut directly in half longitudinally.  One may note that the 

symmetrical nature of the payload allows for one cross-sectional view.  Also, note that the total  
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Figure 1: Symmetrical Side and Top-Down Views of WVU HART Payload Frame 

base-width of the payload, including the Styrofoam® case, is no more than the allotted 5.875 in 

by 5.875 in footprint.  The mechanical schematics for the WVU HART’s payload may also be 

found in a larger view in Appendix A. 

Furthermore, one may note from the mechanical schematics that eight ¼”-20 bolts will be 

used to secure the WVU HART payload to the HASP primary payload, 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 10 g vertical loading and a 5 g horizontal loading, the WVU HART 

payload would essentially “weigh” 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  
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Figure 2: WVU HART Payload Longitudinal Cross-Section View 

each bolt will carry pressures 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 2007-2008” document.  Figure 3, on the next 

page, specifies the locations of the bolts that will mount the frame to the HASP-provided 

mounting plate. 

Lastly, 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  
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Figure 3: Payload 08 Modified HASP-Provided Mounting Plate 

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 is to 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 grounded.  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 B.  Lastly, an MSDS in Appendix B 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. 

II. Power Specifications 
 Despite the detailed mechanical construction of the WVU HART’s payload, the primary 

operations of the WVU HART’s payload, namely cosmic radiation detection, are carried out 

entirely by electronics, which have also been meticulously designed.  As previously mentioned 
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in the “Brief Introduction,” the electronics will be composed of a scintillation detector, three 

circuit boards, three temperature sensors, and a GPS.  The measured current draw at 30 VDC is 

estimated to be 270 mA.  Indeed, the primary HASP payload will be providing 28VDC to the 

WVU HART payload.  A power system wiring diagram is provided in Figure 4.  Several 

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

 
Figure 4: WVU HART Power Supply Diagram 

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 hardware, enabling a “slow, soft start” of the hardware.  In 

addition, two positive regulators are used to supply a 3.3 V power source and a 5 V power source 

for the WVU HART circuit board, the wiring diagram of which is shown in Figure 5, on the next 

page.  One may note from Figure 5 that a 12-bit, 8-channel analog to digital converter (ADC) is 

used to prepare both the measured voltage sources from the power supplies, and the temperature 

readings from the three temperature sensors, for processing by the CPU; specifically CPU1.  The 

ADC also uses a reference voltage of 4.096 V, yielding 1 mV per ADC code.  The CPU then 

processes this information, in addition to the GPS data.  The AMPTEK DP4 processor processes  
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Figure 5: WVU HART Circuit Board CPU 1 Diagram 

the data from the scintillation detector directly, and the second CPU, CPU2, on the WVU HART 

circuit board, the diagram of which is shown in Figure 6, processes the communication between 

the AMPTEK DP4 processor and CPU1, through a byte-wide parallel interface.  The data from  

 
Figure 6: WVU HART Circuit Board CPU 2 Diagram 

both of the processors is then stored on two memory cards, on the WVU HART circuit board.  

Moreover, in Figure 7 on the next page, a general electrical system overview illustrates the 
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interaction between the various electronic components within WVU HART’s payload.  The 

schematics for all of the circuitry may be viewed in larger form in Appendix C. 

 
Figure 7: Electronic System Diagram of WVU HART’s Payload 

III. Downlink Telemetry Specifications 
 The WVU HART’s payload will send a portion of the data stored on the memory cards to 

the primary HASP payload at regular 60-second intervals.  The data will be sent via packetized 

serial downlink format at approximately 45.00 bits per second, and serve as a source of backup 

data that can be compared with the data stored on the WVU HART memory cards, during post-

flight data analysis.  The data being backed up will be comprised of the temperature sensor data, 

the voltage measurements throughout the circuitry, the GPS data, and the number of counts from 

the scintillation detector.  Specifically, the first 16 bytes will represent the header, specifying the 

WVU HART payload data.  The next 6 bytes will represent the readings from the three 

temperature sensors, which are allocated 2 bytes each.  The next 10 bytes will represent the 

measured voltages within the circuitry, for 5 measurements in total at 2 bytes each.  The next 80 

bytes will represent the GPS data.  The next 2 bytes will represent the number of counts by the 

scintillation detector for that time interval.  The last 14 bytes will remain as supplementary space 

for yet-to-be-determined data, or as spare data space.  In total, this yields 128 bytes, which will 
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be collected every 30 seconds and two of these packets will be sent every 60 seconds to the 

primary HASP payload.  One may also note that the WVU HART payload has a GPS receiver 

operating at the standard civilian L1 band at 1575.42 MHz, but does not contain a transmitter.  

Instead, the WVU HART will store this data for post-flight data analysis purposes.  The WVU 

HART will not be using any analog channels or discrete lines for downlink purposes. 

IV. Uplink Commanding Specifications 
 The WVU HART will require an uplink command capability to reset its payload in the 

event of a power loss or malfunction, which requires a reset for the WVU HART’s entire 

payload.  However, a payload reset will only occur during unexpected, extraordinary events and 

during the HASP flight line restart procedure.  The WVU HART does not expect to have to 

uplink any commands to the primary HASP payload.  However, in the case of an unexpected 

event, a restart uplink command will be sent to the primary HASP payload, the specific 

commands of which are yet to be developed.  As noted in the “Power Specifications” section, 

each restart will be a “soft, slow start,” as managed by switches linked to the DC to DC 

converters.  Lastly, as previously mentioned in the “Downlink Telemetry Specifications” section, 

a GPS receiver operating at the standard civilian L1 band, at 1575.42 MHz, will be used to 

collect GPS data for post-flight data analysis purposes. 

V. Integration and Logistics 
 For a successful integration of WVU HART’s payload with the primary HASP payload, 

proper logistics and systematic preparation is necessary.  Primarily, the WVU HART must 

package and ship their payload from Morgantown, West Virginia to the National Aeronautics 

and Space Administration’s (NASA’s) Columbia Scientific Balloon Facility (CSBF) so that it 

arrives on or before Friday, August 1st, 2008 (i.e. 8-1-2008), and confirm the delivery of the 

payload to NASA’s CSBF.  Then, the WVU HART with its two faculty advisors, Dr. John 

Kuhlman and Dr. Mike Palmer, plan to arrive in Palestine, Texas the afternoon or evening of 

Sunday, August 3rd, 2008 (i.e. 8-3-2008), as general HASP integration begins on Monday, 

August 4th, 2008 (i.e. 8-4-2008). 

On Monday, August 4th, the integration team leader, Kyle Phillips (e-mail: 

kphilli1@mix.wvu.edu), will commence final inspections, mechanically and electronically, on 

the WVU HART payload, with the help of the integration participants listed in Table 2.  The  
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Table 2: WVU HART Integration Members 

WVU HART Team Member WVU HART Member’s E-mail 
Justin Ellis jellis11@mix.wvu.edu 
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) gmichaelpalmer@comcast.net 
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 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 NASA’s CSBF Thermal and Vacuum Chamber to test for 

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

have been encountered in last year’s 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 5th, 2008 (i.e. 8-5-2008) 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 are carried out on August 4th.  First, the WVU HART will complete 

the mechanical integration with the primary HASP payload at its designated position (i.e. 

Payload 08), ironically on the “starboard” side of the HASP payload, as the WVU HART 

payload will inherently be studying cosmic radiation.  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 
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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 4th.  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 4th.  Once again, as completed on August 4th, 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.  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.  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. 
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Appendix A 
Mechanical Schematics 
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Figure A1: Symmetrical Side and Top-Down Views of WVU HART Payload Frame 
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Figure A2: Payload 08 Modified HASP-Provided Mounting Plate 
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Figure A3: WVU HART Payload Longitudinal Cross-Section View 
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Figure A4: WVU HART Payload Wire Frame View  

(L to R: Fully Assembled, Styrofoam Case, Payload Without Case)
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Appendix B 
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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Appendix C 
Electrical Schematics 
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Figure D1: Electronic System Diagram of WVU HART’s Payload 

 

 
Figure D2: WVU HART Power Supply Diagram 
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Figure D3: WVU HART Current Draw Estimations Diagram 

 

 
Figure D4: WVU HART Circuit Board CPU 1 Diagram 
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Figure D5: WVU HART Circuit Board CPU 2 Diagram 

 

 
Figure D6: RS-232/TTL Converter 
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Figure D7: WVU HART GPS Receiver and Antenna 

 

 
Figure 4: Possible WVU HART Memory Card Replacement 


