1.0 Daedalus Power System

1.1. Power Storage (Batteries)
1.1.1. The Daedalus shall use all secondary rechargeable batteries.

1.1.2. The Daedalus shall use 9 Lithium-Ion batteries, Sony 1860HC, each with a specific energy of 114.627 W-hr/kg.

1.1.3. The Daedalus batteries shall have a Depth of Discharge of 20% and an Efficiency of 90%.

1.1.4. The Daedalus batteries shall have 6 cells per battery string.

1.1.5. The Daedalus batteries shall produce 5.6 W*hours per cell.

1.1.6. The Daedalus batteries shall have 16 strings.

1.1.7. The Daedalus batteries shall have 96 cells per battery.

1.1.8. The Daedalus batteries shall have an individual length of 9.764-inches.

1.1.9. The Daedalus batteries shall have an individual width of 7.362-inches.

1.1.10. The Daedalus batteries shall have an individual height of 3.583-inches.

1.1.11. The Daedalus batteries shall have a combined volume of 1.341 ft^3.

1.1.12. The Daedalus batteries shall have an individual mass of 4.69 kg.

1.1.13. The Daedalus batteries shall have a total mass of 42.21 kg.

1.1.14. The Daedalus batteries shall have a cell capacity of 1.5 A*hours

1.1.15. The Daedalus batteries shall have a total cell energy of 144 A*hours.

1.2. Power Generation (Solar Cells)
1.2.1. The Daedalus shall use 3 solar cells derived from the Venus Express Spacecraft made of Gallium Arsenide. The solar cells shall be comprised of 2 identical sized solar panels and 1 smaller solar panel.

1.2.2. The Daedalus solar cells shall have 2.75% degradation per year.

1.2.3. The Daedalus solar cells 2 identical panels shall have a length of 1.778 m.

1.2.4. The Daedalus solar cells 2 identical panels shall have a width of 0.8 m.

1.2.5. The Daedalus solar cells 2 identical panels shall have a mass of 20.25 kg each.

1.2.6. The Daedalus solar cells 2 identical panels shall produce a maximum of 410W each.

1.2.7. The Daedalus solar cells 2 identical panels shall have a surface area of 2.822 m^2 each.

1.2.8. The Daedalus solar cells 3rd and smallest panel shall have a length of .508 m.

1.2.9. The Daedalus solar cells 3rd and smallest panel shall have a width of 0.229 m.

1.2.10. The Daedalus solar cells 3rd and smallest panel shall have a mass of 5.786 kg.

1.2.11. The Daedalus solar cells 3rd and smallest panel shall have a surface area of 0.4 m^2.

1.2.12. The Daedalus solar cells 3rd and smallest panel shall produce a maximum of 117.143 Watts.

1.2.13. The Daedalus solar cells shall produce a total 937.143W of electrical power.

1.2.14. The Daedulus solar cells shall have a combined mass of 46.286kg.

1.2.15. The Daedalus solar cells shall have a total surface area of 6.161 m^2.

1.3. Power Control (Power Control Unit/Power Regulation and Control)
1.3.1. The Daedalus PCU shall have 2 Auxiliary Power Regulators per Solar Cell.

1.3.2. The Daedalus PCU shall have 1 Battery Charge/Discharge Regulator per Battery.

1.3.3. The Daedalus PCU shall use a STMicroelectronix ST0F269 digital signal processor and/or Microprocessor.

1.3.4. The Daedalus PCU shall use Crydom CMX60D10 Solid State Relays.

1.3.5. The Daedalus PCU shall use ON Semiconductor LM350 positive voltage regulators. 

1.3.6. The Daedalus PCU shall require 27.333 Amps and 1.207 Ohms of resistance.

1.3.7. The Daedalus PCU shall have a total mass of 38.95kg.

1.3.8. The Daedalus PCU shall have a total volume of 2.207 ft^3.

1.3.9. The Daedalus wiring shall have a total mass of 9.5 kg. 

1.4. Power System Duty Cycles
1.4.1. The Daedalus shall be able to operate for 14 days of total darkness.
1.4.2. The Daedalus shall make use of system duty cycles to limit the time and power.
1.4.3. The Daedalus shall make use of 3 individual power systems.
1.4.4. The first power system shall operate for the entire dark period and provide constant priming power for the PCU.
1.4.5. The second power system shall operate only 10% of the time, consisting of the Power System and the Thermal System. 
1.4.6. The third power system shall operate only 1.25% of the time to take data and communicate with Earth.  

1.4.7. The Daedalus shall operate during the dark period for a total of 8530 W*hours.
2.0 Daedalus Thermal Control Subsystem
2.1 Components
2.1.1 The Daedalus thermal control subsystem shall make use a multi-layered insulation blanket consisting of fifteen layers.

2.1.2 The Daedalus insulation blanket shall have an external material of standard beta cloth.

2.1.3 The Daedalus insulation blanket shall have an internal material of aluminized Kapton with a thickness of three to five mils.

2.1.4 The Daedalus insulation blanket shall have a separator material of Dacron mesh netting with a thickness of 0.16mm.

2.1.5 The Daedalus insulation blanket shall have an interior material of Kapton laminate with a thickness of 0.5mils.

2.1.6 The Daedalus insulation blanket shall have provisions designed for venting.

2.1.7 The Daedalus shall have a radiator that is mounted on the top of the vehicle on the exterior.

2.1.8 The Daedalus radiator shall have a minimum surface area of 0.57 meters squared.

2.1.9 The Daedalus radiator will have a coating of high emissivity, white paint.

2.1.10 The Daedalus shall utilize a high thermal conductivity mounting plate constructed of aluminum.

2.1.11 The Daedalus mounting plate shall have a length and width of 2.0 meters.

2.1.12 The Daedalus mounting plate shall have a thickness of 0.25 inches.

2.1.13 The Daedalus shall have paraffin diaphragm thin plate heat switches located between the lithium-ion batteries and the mounting plate.

2.1.14 The Daedalus shall have electrical resistance heaters inside the thermally controlled compartment of the vehicle.

2.1.15 The Daedalus electrical resistance heaters shall be controlled by a steady-state controller.

2.1.16 The Daedalus electrical resistance heaters shall have redundant steady-state controllers that will control the heater in the event of a controller failure.

2.1.17 The Daedalus shall have variable conductance heat pipes embedded into the radiator panel.

2.1.18 The Daedalus shall have heat pipes that connect the variable radioisotope heater units to the external radiator.

2.1.19 The Daedalus shall have heat pipes that are constructed of aluminum pipes with a diameter of 1.27centimeters.

2.1.20 The Daedalus heat pipes shall have a working fluid of ammonia.

2.1.21 The Daedalus heat pipes shall have an axial groove composite wick construction with a single wrap of small-pore screen.

2.1.22 The Daedalus shall have fifty radioisotope heater units (RHUs).

2.1.23. The Daedalus RHUs will be located inside ten variable RHU containers.

2.1.24. The Daedalus RHU containers will provide an insulating thermal blanket that will shield the RHU heat from reaching components when they are at an appropriate temperature.

2.1.25. The Daedalus variable RHU containers shall contain five RHUs.

2.1 System Integration

2.2.1. The Daedalus thermal control subsystem shall sustain an operating temperature range of -10 degrees Celsius to 40 degrees Celsius inside the thermally controlled environment on the interior of spacecraft.

2.2.2. The Daedalus thermal control subsystem should not exceed a maximum of 151 watts to function properly during full operation.

2.2.3. The Daedalus thermal control subsystem in its entirety should not exceed a maximum of 40 kg.

2.2.4. The Daedalus thermal control subsystem must be designed to ensure that there are redundant components and controllers in the event of a failure.

3.0 Daedalus Communications System
3.1 Ka-Band System

3.1.1 The Daedalus shall utilize the Mars Exploration Rover Ka-band system design

3.1.2 The Daedalus shall be capable of transmitting 100 Mbps of data to LRO.
3.1.3 The Daedalus Ka-band system shall transmit on a 26 GHz frequency.
3.1.4 The Daedalus shall have a high gain antenna based on the Mars Exploration Rovers to transmit data.

3.1.5 The Daedalus shall have a high gain antenna with an overall diameter of 0.28 meters.

3.1.6 The Daedalus shall have a high gain antenna with a peak gain of 36.4 decibels.

3.1.7 The Daedalus high gain antenna shall have a gimbal system and shall be capable of tracking LRO.

3.1.8 The Daedalus high gain antenna is a Ball Aerospace High Gain Antenna Gimbal system. 
3.1.9 The Daedalus shall use a General Dynamics HRT 150 High Rate Transmitter for Ka-band transmissions

3.1.10 The Daedalus Ka-band system shall not exceed 58 Watts of power for transmission

3.1.11 The Daedalus Ka-band system shall not exceed a mass of 13.8 kg.

3.2 UHF System

3.2.1 The Daedalus UHF system shall utilize the Mars Exploration Rover UHF communications system
3.2.2 The Daedalus shall be capable of receiving 8 Kbps from mission control using LRO.
3.2.3 The Daedalus UHF system shall transmit on a 437.1 MHz frequency

3.2.4 The Daedalus UHF system shall receive data on a 401.53 MHz frequency
3.2.5 The Daedalus shall be capable of transmitting through the UHF system in case of Ka-band system failure.
3.2.6 The Daedalus UHF system shall utilize the low gain antenna based on the Mars Exploration Rover design

3.2.7 The Daedalus UHF system shall not exceed 43 Watts of power for transmission

3.2.8 The Daedalus UHF system shall not exceed a mass of 3.2 kg.
3.3 Lunar Penetrator Exploration System Communication

3.3.1 The Daedalus LPES system shall transmit data to LRO using a UHF system.

3.3.2 The Daedalus LPES system shall be capable of transmitting data at 2 kbps.

3.3.3 The Daedalus LPES system shall transmit on a frequency of 32 Mhz.

3.4 Data Handling
3.4.1 The Daedalus computer and data handling system shall be based on the Mars Exploration Rover design

3.4.2 The Daedalus shall use redundant BAE Systems RAD6000 Flight Computers
4.0 Daedalus GN&C System System

4.1 The Daedalus GN&C system shall provide the lander with a completely  autonomous landing sequence

4.2 The lander shall have the ability to autonomously avoid unforeseen potential hazards during the landing, and pick a non-hazardous location for landing
4.3 The lander shall have the ability to autonomously detect the slope of the landing site, and orient the lander to the same slope where all four legs make contact with the ground simultaneously

4.4 The lander shall have the ability to know its attitude at all times during the landing sequence

4.5 The lander shall have the ability to know its altitude above the lunar surface at all times during the landing sequence

4.6 The lander shall have the ability to know its descent rate toward the lunar surface at all times during the landing sequence

4.7 The lander shall have a computer capable of calculating pulse rates to send to the ACS and main propulsion engines, based on all sensor data, to keep the lander on its designated track at all times during the landing sequence

4.8 The lander shall have the ability to determine its exact lunar longitude/latitude position at all times
4.9 The lander shall have the ability to determines its position relative to Shackleton Crater at all times

4.10 The lander shall be equipped with two long range cameras that will assist in determining the landers location as well as provide mission verification back to earth
4.11 The landers computer shall be pre-programmed with information from the Lunar Reconnaissance Orbiter about all locations and positions necessary to complete the mission, so that the computer can know  what maneuvers are necessary at all times to keep on course
4.12 The complete GN&C system shall use less than the allotted 126 Watts as stated by the initial power budget

4.13 The complete GN&C system shall have a mass less than the allotted 56 kilograms as stated by the initial mass budget.

4.14 The controls shall be made up of main engines and an Attitude Control System.

4.15 The landers main engine system will be comprised of two Aerojet MR-80 engines 

4.16 The landers Attitude Control System will be comprised of 16 Aerojet MR-108 engines

5.0 Daedalus Structural System
5.1 Loading Requirements

5.1.1 Daedalus shall be capable of withstanding impact force 800 kN upon landing.
5.2 Material Requirements
5.2.1 Daedalus shall have low thermal expansion coefficients due to the extreme thermal cycling exposure of the lunar environment.
5.2.2 Daedalus shall have similar electro-potential materials to prevent Galvanic cell corrosion

5.2.3 Daedalus shall have honeycomb structures capable of absorbing at least 90% of the impact force upon landing.

5.2.4 Daedalus shall be able to procure sufficient materials to build structural test articles (STA) for testing.
5.2.5 Daedalus shall be tested to at a material and structural level to qualify the loading threshold.  

