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Why Consider DSN Support when Designing a Mission

The ability to support tracking is a grading criteria
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Defining the JME Simulated Mission

This is a fabricated Mission to show how tracking support can be
considered as a part of the mission design process.
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Trajectory Options

Only direct Earth-Jupiter Trajectories were considered in this analysis

Jovian Moon Explorer: EJ @ 66-01-11
30 day tios on sfc

...............

s B
: H T

ks * *

FaY i

{ S ‘

Jupiter

Figure 1: Example of The Direct Earth-Jupiter Trajectory
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JME Launch Opportunities

Table 1: Direct Earth-Jupiter Launch Opportunities

Mission Trajectory Deep ‘
——launch—— Duration | Launch C3 Space |
Date (years) (km”2/s12) Maneuver

12/21/2004 4.97 76.40 No
04/14/2008 416 75.90 No
02/13/2007 3.86 79-11 No
04/01/2008 4.93 76.93 YES
05/22/2009 5.43 82.77 No
06/06/2010 3.92 83.39 No
07/14/2044 415 80.06 No
08/14/2012 3.90 85.60 No
10/25/2043 6-52 8754 No

11/20/2015 3.96 88.42 No
12/23/2016 4.87 75.98 No
01/16/2018 4.00 76.28 No

Office (RAPSO)
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Ranking the Options

Table 2: Various JME Rankings

Launch SC Mass Duration
Date Ranking Ranking
12/21/2004 -- --
“O111/2006 1) 8) ]
0271372007 4) 1)
0410172008 ©) 19)]
05722712009 7) 11)
0670672010 8) 1) ~
07172011 5) 7y
0871472012 9) 3)
10/25/2013 10) 12)
1012012014 12) 2)
1712012015 1) 5)
””””” 12/23/2016 2) 9)
0171612018 3) )
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Optimizing the Trajectories for Minimum Contention

- Limited flexibility in Launch or Jupiter Arrival
- Can alter Jovian Moon Arrival date to minimize contentione
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The Geometric Overlap Between JME and Mars Viewperiods

Geometric Viewperiod Percentage Overlay:
JME (EJ - 05/22/2009) VPs Versus Sun & Mars VPs
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Launch

Date

12/21/2004

01/11/2006

02/13/2007

04/01/2008

05/22/2009

06/06/2010

07/11/2011

08/14/2012

10/25/2013

10/20/2014

11/20/2015

12/23/2016

01/16/2018
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The Overlap Percentages

Table 3: JME Tracking Coverage Overlap between JME and Mars Viewperiods

Office (RAPSO)

(fo IR
S

Launch- EJ JOI - 30d Orbit Moon Prime Extended

L+30d Cruise JOI + 56d Reduction Approach Mission Mission
54.3% 26.3% 1.7% 50.8% 25.3% 10.6% 0.5%
10.8% | 415% | C28% 52.8% | 0.0% | 1 0.0% 8.9%
45.4% 222% 91.4% | 226% 4.3% 15.8% 36.4%
0.2% | 436% 92.9% 33.1% | 2.9% 18.5% 42 3%
64.8% 34.6% 32.7% | 64.0% 49.8% 44 1% 306% |
0.2% 48.6% 254% | 53.6% 42.8% 36.8% 415%
61.6% 40.8% | 61.5% 33.2% 58.6% | 69.3% 82.8% ‘
26% | 57.2% | 28.9% 54.8% 49.8% 46.6% 54.1% \
76.1% 54.0% 41.3% 34.7% | 77.9% 87.2% 93.4% |
4.0% 60.2% 24.3% 53.7% 47.9% 40.6% 425% |
67.7% | 44.4% 92.8% 35.6% 29.9% 41.7% 54.2%
1.6% 50.1% 80.3% | 52.7% | 0.2% 14% 16.1%
71.1% 41.9% | 80.5% | 35.5% 27.2% 36.8% 52.1% |
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The Repeating Cycle of Mars Overlaps

Geometric Viewperiod Percentage Overlay:
JME (EJ - 05/22/2009) VPs Versus Sun & Mars VPs
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Optimizing Jovian Moon for Minimizing Arrival Overlap

Table 4: Tracking Coverage Overiap Between JME and Mars Viewperiods

Contention for Optimized Jovian Moon Arrival Date JMOI Optimized

Launch Launch- EJ JOI - 30d Orbit Moon Prime Extended  moved JMOI

Date L+30d Cruise JOI + 5d Reduction  Approach  Mission Mission (days) date
12/21/04 54.3% 26.3% 1.7% 47.0% 0.5% 0.0% 2.8% 65 11/14/09
01/11/06 10.8% | 41.5% 2.9% | 55.4% 0.5% 0.0% 2.8% | -24 11/14/09
02/13/07 45 4% 22.2% 91.4% 25.6% 1.8% 0.0% 9.0% -63 07/24/10
04/01/08 0.2% 43.6% 92.9% 36.4% | 33% 0.0% 16.2% = -49 10/17/112
05/22/09 64.8% 34.6% 32.7% 57.3% | 2.9% 0.1% 17.0% 148 12/21/14
06/06/10 0.2% 48.6% 25.4% 53.3% 38.9% 36.4% 45.3% 16 02/20/14
0711/11 61.6% 40.8% 61.5% 402% 2.9% 0.1% 17.0% @ -167 12/21/14
08/14/12 2.6% 57.2% 28.9% 54.8% 49.2% 46.7% 54.6% 3 04/12/16
10/25/13 76.1% 54.0% 41.3% | 346% | 2.5% | 0.0% | 15.3% -282 04/25/19
10/20/14 4.0% 60.2% 24.3% 53.5% | 41.6% 39.6% 456% 24 06/26/18
11/20/15 67.7% 44 4% | 92.8% 43.4% 2.5% 0.0% 15.3% -105 04/25/19
12/23/16 1.6% | 50.1% 80.3% 54 1% | 2.4% 0.1% 11.0% -14 07/22/21
01/16/18 71.1% 41.9% 80.5% 44 5% 2.4% 0.1% 11.0% -121 07/22/21

| |
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Reduction that can be achieved by altering JME Arrival

Launch

Date

12/21/04
01/11/06

02/13/07

04/01/08

05/22/09
06/06/10

07/11/11
08/14/12

10/25/13
10/20/14

11/20/15
12/23/16

01/16/18

Table 5: Tracking Coverage Overlap Improvement by Optimizing Jovian Moon Arrival Date

Negative Numbers indicate a reduction in viewperiod overlap JMOI

Launch- EJ JOI - 30d Orbit Moon Prime Extended moved

L+30d Cruise JOI + &d Reduction Approach Mission Mission (days)
0.0% 0.0% 0.0% -3.8% -24.9% -10.6% 2.3% 65
0.0% 0.0% 0.0% 26% | 0.5% | 0.0% -6.0% -24
0.0% 0.0% 0.0% 3.1% -2.5% -15.8% -27.3% -63
0.0% 0.0% | 0.0% 3.3% 0.5% -18.5% -26.1% -49
0.0% 0.0% 0.0% -6.7% -46.9% -44.0% -13.6% 148
0.0% 0.0% 0.0% -0.3% -3.8% -0.5% 3.7% 16
0.0% 0.0% 0.0% 7.0% -55.7% -69.2% -65.7% -167
0.0% 0.0% 0.0% 0.0% -0.6% 0.1% 0.5% 3
0.0% 0.0% 0.0% -0.1% -75.3% -87.2% -78.1% | -282
0.0% 0.0% 0.0% -0.2% -6.3% -1.0% 31% 24
0.0% 0.0% | 0.0% | 7.8% -27.4% A17% | -39.0% -106
0.0% 0.0% | 0.0% | 1.4% 2.2% -1.3% | 5.0% | -14
0.0% 0.0% 0.0% 9.1% -24.8% -36.7% -41.1% -121

Optimized
JMOI
Date

11/14/09
11/14/09

07/24/10
10/17/12

12/21/14
02/20/14

12/21/14
04/12/16

04/25/19
06/26/18

04/25/19
07722121

07122121
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Ranking the different Launch Windows

Table 6: Ranking of the Direct Earth-Jupiter Trajectory Options for the JME Mission

Trajectory Mission JME/Mars Vipreriod Overtap

Overall Launch Launch C3 Duration Orbit Moon Prime Extended JMOI

Ranking Date (km”2/s"2) (years) Reduction Approach Mission Mission Date
1212717104 76.40 489 47.0% U 5% 0.0% 2.8% 09/10/09
1) 01/11/06 \ —E g T A T ,,,,,,,,, B 0{5% e e 00%‘ I V,,,,,2,:,8%7 12/08/09
2) 12/23/16 | 75.98 478 5471% 2/4% oY% T T1.0% 08/05/21
3) 02/13/07 1 79171 378 256% 118% 0:0% 970% | 09/25/10
4) 04/01/08 ﬁ 76793 4785 364% 313% W‘*"“’**TG‘Z%J 12/05/12
5) 01/16/18 r""“ 7628 j 401 l 44°5% 24% 0% *‘I“‘I”.O‘}/a";j 11/20/21
B8) 07/11/11 8006 | 407 ‘ 40:2% 29% 0% ‘1“7?0%"““@ 06/06/15
7) 06/06/10 | 83:39 383 | 53:3% 3819% 36:4% 453% | 02/04/14
8) —08/ 4112 8560 382 \ 548% 492% 46.7% - 546% | v 04/09/16
9) 11/20/15 8842 ~ 3788 _“’“’“W% 215% 00% | 153% ‘ 08/08/19
10) 10/20/14 L”‘"“‘é’r1’50 j 378 } 535% 4116% 43976%*;‘***“156%*; 06/02/18
11) 05/22/09 | 82,77 1 535 [ 57.\5%? 219% | 01% : ‘1770%"9 07/26/14

\ |

12) 10/25/13 | 87.54 ‘ 6:44 1 34:6% 25% 0:0% 15:3% | 02/01/20
‘, | , | | A
\ i | : ! : |
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CONCLUSIONS

e Itis possible to consider Tracking Coverage Support as part

of the Mission Design Process

e Optimizing the Trajectory to minimize contentions will only
increase the probability of being selected for further mission

development/funding
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