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[bookmark: _Toc236493058][bookmark: _Toc260149146]Introduction

[bookmark: _Toc236493059][bookmark: _Toc260149147]Overview

The purpose of this document is to analyze the effect of different orbit altitudes, inclinations, and eccentricities on Violet’s ability to complete its mission.  The following aspects are considered: orbit lifetime, ground coverage, global positioning system (GPS) access, and solar illumination.
[bookmark: _Toc236493060][bookmark: _Toc260149148]Scope	

The reader should be familiar with Violet’s mission and its ACS requirements in order to understand and use this document.

[bookmark: _Toc236493061][bookmark: _Toc260149149]Applicable Documents

· VIOLET-ACS-001: ACS Requirements
· VIOLET-SYS-001: CONOPS
· VIOLET-SRV-002: Thermal Analysis

[bookmark: _Toc260149150]
Orbit Analysis

[bookmark: _Toc260149157]Table 1: Orbit summary (Ground segment at Ithaca)
	Altitude (km)
	Inclination (degrees)
	Orbit Lifetime
(days)
	Number of ground passes per day
	Total ground pass time per day (minutes)
	Amount of slew data downlinked per week
(minutes)
	Time spent in eclipse per day (hours)

	330
	0
	145
	0
	0
	0
	9.5

	
	8.5
	160
	0
	0
	0
	9.6

	
	28.5
	167
	4
	15.0
	3.45
	9.7

	
	35.0
	171
	4
	32.0
	7.36
	9.7

	
	38.0
	173
	6
	38.5
	8.86
	9.6

	
	60
	176
	8
	53.1
	12.2
	9.1

	
	75
	180
	4
	33.6
	7.73
	8.4

	
	90
	183
	4
	31.9
	7.34
	6.9

	
	97
	188
	4
	32.4
	7.45
	6.1

	425
	0
	1094
	0
	0
	0
	9.1

	
	8.5
	1097
	0
	0
	0
	9.1

	
	28.5
	1121
	4
	26.0
	5.98
	9.2

	
	35.0
	1131
	5
	42.7
	9.82
	9.2

	
	38.0
	1142
	5
	47.8
	11.0
	9.2

	
	60
	1150
	8
	66.3
	15.2
	9.0

	
	75
	1160
	4
	39.6
	9.11
	8.2

	
	90
	1168
	5
	40.6
	9.34
	6.4

	
	97
	1205
	4
	38.7
	8.90
	5.4

	550
	0
	8979
	0
	0
	0
	8.8

	
	8.5
	9016
	0
	0
	0
	9.0

	
	28.5
	9235
	5
	37.9
	8.72
	9.0

	
	35.0
	9344
	5
	53.9
	12.4
	9.0

	
	38.0
	9381
	5
	57.9
	13.3
	8.9

	
	60
	9599
	7
	77.4
	17.8
	8.3

	
	75
	9818
	6
	59.5
	13.7
	7.4

	
	90
	9344
	5
	50.7
	11.7
	5.6

	
	97
	9198
	6
	55.8
	12.8
	4.3



Analysis was done in Satellite Tool Kit. Aside from the equatorial, polar, and sun synchronous, inclinations were chosen to correspond with possible American launch sites at Kwajalein Atoll, Cape Canaveral/Vandenberg, Kennedy and Wallops. Inclinations of 60° and 75° have also been chosen for informational purposes. Strictly speaking, inclination will be greater than the launch latitudes.

For reference, 6 months is 180 days. 25 years is 9125 days.




[bookmark: _Toc260149158]Table 2: Orbit summary (Ground segments at Ithaca and Kwajalein)
	Altitude (km)
	Inclination (degrees)
	Orbit Lifetime
(days)
	Number of ground passes per day
	Total ground pass time per day (minutes)
	Amount of slew data downlinked per week
(minutes)
	Time spent in eclipse per day (hours)

	330
	0
	145
	15
	124.5
	29.0
	9.5

	
	8.5
	160
	15
	109.5
	25.5
	9.6

	
	28.5
	167
	12
	72.0
	16.8
	9.7

	
	35.0
	171
	9
	72.9
	17.0
	9.7

	
	38.0
	173
	11
	78.1
	18.2
	9.6

	
	60
	176
	12
	80.4
	18.8
	9.1

	
	75
	180
	7
	57.4
	13.4
	8.4

	
	90
	183
	7
	54.6
	12.7
	6.9

	
	97
	188
	8
	58.4
	13.6
	6.1

	425
	0
	1094
	15
	150.0
	35.0
	9.1

	
	8.5
	1097
	15
	139.5
	32.5
	9.1

	
	28.5
	1121
	14
	107.8
	25.1
	9.2

	
	35.0
	1131
	11
	99.0
	23.1
	9.2

	
	38.0
	1142
	11
	101.2
	23.6
	9.2

	
	60
	1150
	12
	99.6
	23.2
	9.0

	
	75
	1160
	8
	72.0
	16.8
	8.2

	
	90
	1168
	9
	78.3
	18.3
	6.4

	
	97
	1205
	9
	80.1
	18.7
	5.4

	550
	0
	8979
	14
	168.0
	39.2
	8.8

	
	8.5
	9016
	14
	159.6
	37.2
	9.0

	
	28.5
	9235
	13
	132.6
	30.9
	9.0

	
	35.0
	9344
	13
	128.7
	30.0
	9.0

	
	38.0
	9381
	12
	127.2
	29.7
	8.9

	
	60
	9599
	11
	122.1
	28.5
	8.3

	
	75
	9818
	10
	102.0
	23.8
	7.4

	
	90
	9344
	10
	96.0
	22.4
	5.6

	
	97
	9198
	9
	[bookmark: _GoBack]86.4
	20
	4.3





[bookmark: _Toc260149159]Table 3: Orbit summary (Ground segments at Ithaca, Redondo Beach, and Colorado Springs)
	Altitude (km)
	Inclination (degrees)
	Orbit Lifetime
(days)
	Number of ground passes per day
	Total ground pass time per day (minutes)
	Amount of slew data downlinked per week
(minutes)
	Time spent in eclipse per day (hours)

	330
	0
	145
	0
	0
	0
	9.5

	
	8.5
	160
	0
	0
	0
	9.6

	
	28.5
	167
	13
	81.5
	19.0
	9.7

	
	35.0
	171
	15
	124.2
	29.0
	9.7

	
	38.0
	173
	18
	139.3
	32.5
	9.6

	
	60
	176
	19
	130.3
	30.4
	9.1

	
	75
	180
	13
	95.3
	22.2
	8.4

	
	90
	183
	12
	87.3
	20.4
	6.9

	
	97
	188
	13
	89.3
	20.8
	6.1

	425
	0
	1094
	0
	0
	0
	9.1

	
	8.5
	1097
	0
	0
	0
	9.1

	
	28.5
	1121
	14
	112.6
	26.3
	9.2

	
	35.0
	1131
	17
	156.6
	36.5
	9.2

	
	38.0
	1142
	17
	168.3
	39.3
	9.2

	
	60
	1150
	22
	174.7
	40.8
	9.0

	
	75
	1160
	12
	112.5
	26.2
	8.2

	
	90
	1168
	14
	114.0
	26.6
	6.4

	
	97
	1205
	12
	113.1
	26.4
	5.4

	550
	0
	8979
	0
	0
	0
	8.8

	
	8.5
	9016
	0
	0
	0
	9.0

	
	28.5
	9235
	16
	149.1
	34.8
	9.0

	
	35.0
	9344
	17
	188.0
	43.9
	9.0

	
	38.0
	9381
	18
	202.2
	47.2
	8.9

	
	60
	9599
	21
	214.2
	50.0
	8.3

	
	75
	9818
	17
	154.4
	36.0
	7.4

	
	90
	9344
	16
	148.0
	34.5
	5.6

	
	97
	9198
	15
	144.5
	33.7
	4.3



Note the jump in ground pass time at 35.0 degrees due to picking up the RB and CS ground segments in addition to the Ithaca ground segment.

[bookmark: _Toc260149160]Table 4: Orbit summary (Ground segments at Ithaca, Kwajalein, Redondo Beach, and Colorado Springs)
	Altitude (km)
	Inclination (degrees)
	Orbit Lifetime
(days)
	Number of ground passes per day
	Total ground pass time per day (minutes)
	Amount of slew data downlinked per week
(minutes)
	Time spent in eclipse per day (hours)

	330
	0
	145
	15
	125.0
	29.2
	9.5

	
	8.5
	160
	15
	109.3
	25.5
	9.6

	
	28.5
	167
	21
	139.0
	32.4
	9.7

	
	35.0
	171
	20
	165.1
	38.5
	9.7

	
	38.0
	173
	23
	178.5
	41.6
	9.6

	
	60
	176
	23
	157.1
	36.7
	9.1

	
	75
	180
	16
	119.3
	27.8
	8.4

	
	90
	183
	15
	109.9
	25.6
	6.9

	
	97
	188
	16
	111.3
	26.0
	6.1

	425
	0
	1094
	15
	150.1
	35.0
	9.1

	
	8.5
	1097
	15
	140.0
	32.7
	9.1

	
	28.5
	1121
	24
	198.2
	43.2
	9.2

	
	35.0
	1131
	24
	219.1
	51.1
	9.2

	
	38.0
	1142
	24
	227.3
	53.0
	9.2

	
	60
	1150
	26
	208.2
	48.6
	9.0

	
	75
	1160
	16
	148.5
	34.6
	8.2

	
	90
	1168
	18
	146.7
	34.2
	6.4

	
	97
	1205
	16
	146.0
	34.1
	5.4

	550
	0
	8979
	14
	167.5
	39.1
	8.8

	
	8.5
	9016
	14
	159.4
	37.2
	9.0

	
	28.5
	9235
	25
	246.2
	57.4
	9.0

	
	35.0
	9344
	25
	262.4
	61.2
	9.0

	
	38.0
	9381
	24
	267.9
	62.5
	8.9

	
	60
	9599
	25
	258.3
	60.3
	8.3

	
	75
	9818
	21
	197.4
	46.1
	7.4

	
	90
	9344
	20
	190.2
	44.4
	5.6

	
	97
	9198
	19
	186.3
	43.5
	4.3



Note the jump in ground pass time at 35.0 degrees due to picking up the RB and CS ground segments in addition to the Ithaca ground segment.

[bookmark: _Toc260149151]Ground pass duration

In a typical 24 hour period, the durations of Violet’s ground passes are not equal and are distributed unevenly throughout the day.  The ground passes can vary in length from approximately a minute to over ten minutes. To see an example of this, see Figure 1 below. 


Figure 1: Ground passes in a 24 hour period

The sections between the blue bars represent ground passes.


[bookmark: _Toc260149152]Orbit Considerations

[bookmark: _Toc260149153]Lifetime

Violet requires a minimum of 6 months to successfully complete its mission. In low earth orbits (LEOs) between 250 km and 2000 km above the surface of the Earth, atmospheric drag slows satellites down and shortens their lifetime.  A SYS-level requirement is that Violet has an end-of-life plan that results in de-orbiting of spacecraft within 25 years. 

The lifetime requirements impose both a lower limit and an upper limit on possible altitudes at which Violet can operate. See Table 1 for orbit lifetimes at a variety of altitudes and inclinations. Because Violet does not have thrusters, it will not be able to control its orbit once released as a payload.

[bookmark: _Toc260149154]Ground Coverage

There are two ground stations for Violet to communicate with: Ithaca (42° N, 76° W) and Kwajalein Atoll (8° N, 167° E). The type of orbit Violet is in determines the amount and duration of ground passes it will have. Ground coverage determines the frequency and duration of telemetry between Violet and the ground stations.  Generally speaking, higher altitudes and lower inclinations result in a greater number and longer duration of ground passes.  See Tables 1, 2 and 3 for ground coverage statistics for Violet in a variety of orbits for different ground segment configurations. The signal time delay in orbits between 330 km and 550 km is between 1 and 2 milliseconds.

[bookmark: _Toc260149155]GPS Access

Violet requires GPS access for three reasons: for general location purposes, for the functioning of the magnetometer, and for accurate measurements of time. At any given point in time, there are between 24 and 32 GPS satellites in medium earth orbit (MEO).  Violet has two patch GPS antennas to communicate with GPS satellites, and a GPS solution requires communications with four GPS satellites.  Based on simulations in Satellite Tool Kit, Violet will have a GPS solution over 99% of the time.

[bookmark: _Toc260149156]Solar Illumination

Violet requires solar illumination to charge its solar panels and satisfy its power needs.  Two of Violet’s six faces are covered entirely in solar panels while the other four each feature smaller solar panels.   Violet shall generally orient itself such that the two solar-panel-covered faces are sun-pointing to maximize power absorption.  Violet’s orbit will determine the amount of time it spends in eclipse versus the amount of time it spends in solar illumination; it should be sufficient such that the safety factors for power are never violated.  From a thermal perspective, the amount of time in direct sunlight determines whether Violet is exposed to extreme temperature conditions.  The potential effects of extreme temperatures on Violet’s equipment have been analyzed and can be found in Thermal Analysis (VIOLET-SRV-002). See Table 1 for how long Violet spends in eclipse per day in a variety of orbits; this number hovers around 9 hours for orbits of low inclination and is greatly reduced for polar/sun-synchronous orbits.
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