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Team OrganizationTeam Organization

•• Completely studentCompletely student--led & studentled & student--run projectrun project
–– Mostly Mostly undergraduatesundergraduates
–– Budgets, management and systems engineering by Budgets, management and systems engineering by 

studentsstudents
–– Subsystem design, fabrication and testing by studentsSubsystem design, fabrication and testing by students

•• 13 students on project 13 students on project 
currentlycurrently
–– 61 have been involved 61 have been involved 

in the projectin the project
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Hermes Mission ObjectivesHermes Mission Objectives

1.1. Create modular and extensible subsystemsCreate modular and extensible subsystems

2.2. Utilize SUtilize S--band frequency to communicate at band frequency to communicate at 
data rates higher than those obtainable with data rates higher than those obtainable with 
UltraUltra--High Frequencies (UHF)High Frequencies (UHF)

3.3. Characterize HermesCharacterize Hermes’’ orbital environment and orbital environment and 
satellite status to validate models and designsatellite status to validate models and design
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Hermes Cubesat BusHermes Cubesat Bus

•• Command and Data HandlingCommand and Data Handling
•• Primary (UHF) Communications SystemPrimary (UHF) Communications System
•• High Speed (SHigh Speed (S--Band) Communications SystemBand) Communications System
•• Electrical Power SystemElectrical Power System
•• System StructureSystem Structure
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Payload: High Speed CommunicationsPayload: High Speed Communications

• Testing Feasibility of High Data Throughput  
Communications on the COSGC Cubesat Bus

• Utilizes the Microhard MHX-2400 S-Band Modem
• Capable of Data Rates up to 50 kbaud
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Primary CommunicationsPrimary Communications

•• Half Duplex Communications in UHF RangeHalf Duplex Communications in UHF Range
•• Uses a Yaesu VXUses a Yaesu VX--3R COTS Radio3R COTS Radio
•• InIn--House Designed TNCHouse Designed TNC

–– Built around the ATMega 168 MCU Built around the ATMega 168 MCU 
–– MX604 for D/A ConversionMX604 for D/A Conversion
–– Data rate of 1200 baudData rate of 1200 baud
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Communications AntennasCommunications Antennas

•• Tuned at FIRST RF Corporation in Boulder, COTuned at FIRST RF Corporation in Boulder, CO
–– HSCOM Monopole AntennaHSCOM Monopole Antenna

•• Tuned to 2.4 GHz rangeTuned to 2.4 GHz range

–– PCOM Monopole AntennaPCOM Monopole Antenna
•• Tuned to 437.425 MHzTuned to 437.425 MHz

–– Both antennas constructed of spring steel with a Both antennas constructed of spring steel with a 
Kynar coverKynar cover
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Command and Data HandlingCommand and Data Handling

•• Based around Microchip PIC24H MPUBased around Microchip PIC24H MPU
•• Utilizes Pumpkin Salvo RTOSUtilizes Pumpkin Salvo RTOS
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Command and Data HandlingCommand and Data Handling

•• FeaturesFeatures
–– Triple Redundancy on Critical ComponentsTriple Redundancy on Critical Components

•• Three SD cards for data integrityThree SD cards for data integrity
•• Three RTCs for accurate timingThree RTCs for accurate timing

–– Ability to Reprogram All Satellite SoftwareAbility to Reprogram All Satellite Software
•• Two stage bootloaderTwo stage bootloader
•• First stage checks second stage and main code sectionFirst stage checks second stage and main code section
•• Second stage checks first stageSecond stage checks first stage
•• Main code checks communications systemMain code checks communications system
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Power SystemPower System

•• Designed for High Efficiency and ExtensibilityDesigned for High Efficiency and Extensibility
•• Completely Autonomous Base OperationCompletely Autonomous Base Operation

–– Does not depend on CDH for charging/powerDoes not depend on CDH for charging/power

•• Completely Student Designed, Built, and TestedCompletely Student Designed, Built, and Tested
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Power SystemPower System

•• InterfaceInterface
–– II22C Communication with CDHC Communication with CDH
–– Full Array of Sensors for All System Voltages and Full Array of Sensors for All System Voltages and 

CurrentsCurrents
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Power SystemPower System

•• Battery ChargingBattery Charging
–– LiLi--Ion / LiIon / Li--Poly Battery SupportPoly Battery Support

•• Automatic Cell BalancingAutomatic Cell Balancing
•• Ability to Charge/Discharge Both Batteries at OnceAbility to Charge/Discharge Both Batteries at Once
•• Fully Autonomous Protection CircuitryFully Autonomous Protection Circuitry
•• Automatic TimeAutomatic Time--toto--Empty Calculation at Current or Empty Calculation at Current or 

Hypothetical LoadHypothetical Load
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Power SystemPower System

•• Power Regulation and DistributionPower Regulation and Distribution
–– 3.3 V, 5 V, and 7.4 V Outputs to Subsystems3.3 V, 5 V, and 7.4 V Outputs to Subsystems
–– Less than 5% Ripple on All OutputsLess than 5% Ripple on All Outputs
–– All Regulation Performed with Switching ConvertersAll Regulation Performed with Switching Converters
–– Can Enable or Disable All Outputs Other than 3.3 V Can Enable or Disable All Outputs Other than 3.3 V 

for CDHfor CDH
–– Redundancy on Critical ConvertersRedundancy on Critical Converters
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ADCSADCS

•• Passive Magnetic ControlPassive Magnetic Control
–– AlNiCo CastAlNiCo Cast--5 magnet aligned5 magnet aligned 

with antenna axiswith antenna axis
–– 0.005 Amp/m0.005 Amp/m22

–– 1 in. x 3/16 in.1 in. x 3/16 in.
–– High strength, low massHigh strength, low mass

•• DampingDamping
–– Ferrous material for magnetic hysteresisFerrous material for magnetic hysteresis

•• Ni80/Fe15.5/Mo4.5 used on previous missionsNi80/Fe15.5/Mo4.5 used on previous missions
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System StructureSystem Structure

•• Aluminum 6061 Exoskeleton Designed and Aluminum 6061 Exoskeleton Designed and 
Manufactured InManufactured In--HouseHouse

•• 6 Solar Panels Restrained on Exterior with Solar 6 Solar Panels Restrained on Exterior with Solar 
Panel ClipsPanel Clips
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System StructureSystem Structure

•• 5 PCB Internal Stack Configuration5 PCB Internal Stack Configuration
•• Aluminum 6061 Battery BoxAluminum 6061 Battery Box

Colorado Space Grant Consortium 18



CO³ Hermes 28 April 2009

System StructureSystem Structure

•• Deployment SystemsDeployment Systems
–– 40AWG Nichrome Burn Wire 40AWG Nichrome Burn Wire 
–– Dacron Restraints Looped Through Aluminum Dacron Restraints Looped Through Aluminum 

StructureStructure
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IntegrationIntegration

•• Wiring Harness and Stacking HeadersWiring Harness and Stacking Headers
–– Fully Functional Systems InterfaceFully Functional Systems Interface

•• Class 10,000 Clean RoomClass 10,000 Clean Room
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TestingTesting

•• Long Range Communication TestingLong Range Communication Testing
•• Deployment Testing in Vacuum ChamberDeployment Testing in Vacuum Chamber
•• Environmental TestingEnvironmental Testing

–– Vibration Testing at Lockheed                              Vibration Testing at Lockheed                              
Martin CompanyMartin Company

–– Thermal Vacuum Testing                                          Thermal Vacuum Testing                                          
at SpaceDev (Sierra                                            at SpaceDev (Sierra                                            
Nevada Corporation)Nevada Corporation)

•• Day in the LifeDay in the Life
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Lessons LearnedLessons Learned

•• Stack IntegrationStack Integration
–– Limit Wire ConnectionsLimit Wire Connections
–– Emphasize Stacking HeadersEmphasize Stacking Headers

•• HSCOM/Structure Interference IssuesHSCOM/Structure Interference Issues
•• Clearly Defined Requirements Early in Clearly Defined Requirements Early in 

DevelopmentDevelopment
•• Configuration ManagementConfiguration Management
•• Team TurnoverTeam Turnover
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