#.# Power Subsystem

#.#.# Power Subsystem Summary
During phase 2 the power subsystem was chosen to be an RTG or ASRG powered by Plutonium-238. It was later discovered that procurement of Plutonium-238 would take 5 years and would push the launch date. The fact that only approximately 10 kg of Plutonium would be available and that the LOW using an RTG would require 20-30 kg lead us to choose a different power system. We attempted to use a type of fuel cell, but from academic advisement a total battery system was chosen. The power estimated over 1000 W was a huge undertaking for any power system of this size. A phase mission shown as Table 1 below power budget was created to reduce the total mass required to 200 W. In order not to affect the science of our mission, research was conducted to look into NASA’s current power systems and find one that could fulfill all goals set out by Team Eclipse. A total system includes solar cells, lithium ion batteries, and a power controller.
Table #1 Phase Mission Power Budget
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Thermal 40 40 40 40 40 10 2

GN&C 20 2 20 20 10 1 10

Power 10 10 10 10 10 1 10

CD&H 2 20 5 20 20 1 40

Communications 2 30 2 2 30 1 2

Propulsion 5 0 0 0 0 0 0

Mobility 4 10 100 10 10 0 10

Mechanisms 4 2 2 2 2 1 2

Payload 2 2 2 50 2 1 10

SRV 1 1 1 1 1 1 10

Total 90 117 182 155 125 17 96


Table 1 above shows the overall power budget separated into 6 major categories in We. In each column is a listing of estimated average load requirements for the various subsystems. Taking the totals of each load shows the total average load in each phase. The power subsystem would be designed by the maximum average load. Adding a factor of 10% 250W during the driving phase would require the most power. Table 2 below shows each subsystem’s required peek load in We-hr. 
Table #2 Maximum Peek Load for subsystems


[image: image2.emf]Peek Loads

(W

e

-hr)

Thermal n/a

GN&C 900

Power 1000

CD&H n/a

Communictions 500

Propulsion n/a

Mobility n/a

Mechanisms n/a

Payload 1000

SRV n/a

*n/a refers that it is negligable

compared to the average load


#.#.# Power Equipment
Solar power is the main power system of choice for the LOW. Similar to the ones used by NASA these solar cells will power the rover in daylight, recharge batteries, and power the electrolysis system for the fuel cell. Approximately 5m2 area of solar cells would be required to power this system. The assumptions where: 23.5 degrees for worst angle; degrade of 3.75% per year, and a mission time of 1 year.
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where:


Prv = Total power required during daylight


Pe = Power required for dark


Pd = Power required for daylight


Xe = Efficiency of path to batteries


Xd = Efficiency of path from arrays to the loads


Te = Time during dark


Td = Time during light
The power calculated using the equation 1 above where as the power required during the daylight is actually the power required during the daylight plus the power required during the dark. For this power subsystem Pe is 200 We and Pd is 200 We, the time in the dark is 8 days assuming 6 days of sleep mode and 14 days of light. The total powered required was shown to be 450 We for the solar cells.
Lithium-Ion batteries are the power storage for the LOW. The 24 batteries has a total capacity of 45 kWe-hr. The batteries have multi function purpose. The batteries function as a power regulator from which all systems draw their power. 
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where:


Cr = Total battery capacity


Pn = Maximum peak power needed


Tn = Maximum peak time at peak power


DOD = Depth-of-discharger based on Li-Ion


Nrv = Number of batteries


nrv = Battery-to-load transmission efficiency
The battery capacity per battery for the Lithium-Ion battery is shown in equation 2. Pn*Tn is the maximum peek power required at any time for the length of time, given time from Table 2. A it was found that 256 We-hr for each of the 4 batteries. Below on figure 1 shows the battery wattage output as a variance of time.
Figure #1 Battery Capacity

#.#.# Power System Controller

PSC will be used to control the power subsystem. This PSC is separate from the main computer of the LOW for the regulating the power. The PSC will communicate with the main computer for the basic inputs. The PSC must have voltage and amperage control, and protect the LOW from the various power considerations such as overdraw, under output, power spikes, etc. The PSC will also take input from the main computer for the phase missions.

Phase mission considerations. The total output of the LOW if every system was turned on would be way over 1000 W. A power system for that kind of power would require a lot of mass. Mass that would not be feasible for this LOW. The use of Phase mission is common to NASA spacecraft. The main phases are: Landing, Initializing, Driving, Science, Communications, Sleep, and EoM & SRV. Looking at Table 1 and Table 2 the calculated power outputs are calculated into 2 kinds of load in We and peak load in We-hr.
#.#.# Power Cabling

The LOW will use standard Teflon insulated power cables able to transmit up to 20 A and 30 V. The LOW will use approximately 20 m of cable at a mass of 15 kg.
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phasing

				Landing		Initializing		Driving		Science		Communications		EoM & SRV

		Thermal		50		50		50		50		50		50

		GN&C		40		5		40		40		30		10

		Power		20		20		20		20		20		20

		CD&H		2		40		5		40		40		40

		Communications		2		50		2		2		50		2

		Propulsion		5		0		0		0		0		0

		Mobility		4		10		100		10		10		10

		Mechanisms		4		2		2		2		2		2

		Payload		2		2		2		2		2		10

		SRV		2		2		2		2		2		10

		Totals		131		181		223		168		206		154

		Thermal		n/a

		GN&C		900

		Power		1000

		CD&H		n/a

		Communictions		500

		Propulsion		n/a

		Mobility		n/a

		Mechanisms		n/a

		Payload		1000

		SRV		n/a

		*n/a refers that it is negligable
compared to the average load





1

				percent		amount		Total:		560

						Expected		Budget

		Thermal		0.28		156.8		109.76

		GN&C		0.20		112		78.4

		Power		0.01		5.6		3.92

		CD&H		0.17		95.2		66.64

		Communications		0.23		128.8		90.16

		Propulsion		0.01		5.6		3.92

		Mobility		0.50		280		196

		Mechanisms		0.01		5.6		3.92

		Payload		0.61		341.9		239.33



goesc:
I added an extra 30% but if the payload stays as budgeted then it will be 43% of the power



2

		stereo		6

		imaging		9.5

		drill		30

		belly		3.8

		arm		43

		scoop		0

		spectrometer mass		75

		sample MS		0

		spectrometer neutron		1.8

		penetrometer		0

		bearing plate		0

		shear vane		0

		magnets		0

		XRD/XRF		10

		beacon		5

				184.1

				239.33
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phasing

		Average Load		Landing		Initializing		Driving		Science		Communications		Sleep		EoM & SRV

		Thermal		40		40		40		40		40		10		2

		GN&C		20		2		20		20		10		1		10

		Power		10		10		10		10		10		1		10

		CD&H		2		20		5		20		20		1		40

		Communications		2		30		2		2		30		1		2

		Propulsion		5		0		0		0		0		0		0

		Mobility		4		10		100		10		10		0		10

		Mechanisms		4		2		2		2		2		1		2

		Payload		2		2		2		50		2		1		10

		SRV		1		1		1		1		1		1		10

		Total		90		117		182		155		125		17		96

				*if a peak load last longer then 1 hr then consider it an average load
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				percent		amount		Total:		560

						Expected		Budget

		Thermal		0.28		156.8		109.76

		GN&C		0.20		112		78.4

		Power		0.01		5.6		3.92

		CD&H		0.17		95.2		66.64

		Communications		0.23		128.8		90.16

		Propulsion		0.01		5.6		3.92

		Mobility		0.50		280		196

		Mechanisms		0.01		5.6		3.92

		Payload		0.61		341.9		239.33



goesc:
I added an extra 30% but if the payload stays as budgeted then it will be 43% of the power
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		arm		43
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		sample MS		0

		spectrometer neutron		1.8

		penetrometer		0

		bearing plate		0

		shear vane		0

		magnets		0

		XRD/XRF		10

		beacon		5

				184.1

				239.33
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