SEP Trajectories and Mission Design

Damon Landau
Jet Propulsion Laboratory
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Proof-of-Concept Mission
Return 10-t Asteroid to ISS

Depart:"1991VG" - End Stay
21212018

tof. 811 days
mass: 20.8 1
{\.-'1: 0.00 km/s)

11/4/2017
tof: 721 days

mass: 10.8t

5 Arrive:Earth :
A (vt: 0.00 km/s)

1/11/2019
tof: 1153 days
mass: 20.1 t

v 1.41 km/s

6 Arrive: ISS
! 4/20/2021 ey wd
tof: 1983 days - -
mass: 1581 {

1,2 Launch: LEO
11/14/2015
tof: O days
mass: 13.7 t

3 Depart:Earth
6/5/2017
tof: 569 days

mass: 11.0t
v 1.02 km/s
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4 Arrive:"1991VG" 1.

2.

3.

4.

5.

6.

Landau - Asteroid Retrieval Mission

Mission Phases

Launch, 10-15t s/c
— Atlas 521 to LEO
— Delta IV Hto GTO
Departure spiral, 40 kW
— 6.6 km/s, ~1.5 yr. from LEO
— 3.0km/s, ~0.6 yr. from GTO
Lunar flyby escape
— 2-3 km/s for “free”

Interplanetary trajectory
— 1-4 km/s, 1.5-3 yr.

Lunar flyby capture
— 2-3 km/s for “free”

Capture spiral
— 6.6 km/s, >2 yr. to ISS




SEP array power, kW per t in LEO

SEP Spiral
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5-year spiral
from LEO
to high-Earth’

orbit

3000 4000 5000

I .s
5p

SEP inert mass

30 kg/kW array
15% Xe
Array to Jet efficiency

50% @ 1600 s
60% @ 2500 s
68% @ 6000 s

6000



1 mo. resonant orbit

3 mo. resonant orbit
sun will perturb
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Lunar Capture
C, = 2 km?/s?

Lunar flybys can significantly alter energy...

Polar View

...and orientation of capture orbit

/N

Near Equatorial Edge View
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Lunar Escape/Capture

Capture

5 Capture to 1 mo. period orbit Cs, km?/s?
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Interplanetary Trajectories
Launch Year Variation

Depart 12/2017, 2.5 yr., 0.7 t Xe* Depart 11/2018, 2.5yr.,, 1.5t Xe
Depart:Earth
11/24/2018
. tof: 0.0 days
?;3?535;‘”" (mass: 11000.0 kg)
£ 0.0 davs . flyb¥ alt: 0 km
to y Depart:"1991VG" - End Stay
(mass: 11000.0 kg) 2/8/2020

tof: 440.7 days

mass: 20706.1 kg
(v_:0.00 km/s)

fbeS alt: 0 km

Arrive:"1991VG"
11/10/2019

tof: 350.7 days
mass: 10706.1 kg

flyby alt: 0 km
(yy 0.00 km/s)

Depart:"1991VG" - E
9/14/2018
tof: 284.6 days

mass: 20819.0 kg
(v_:0.00 km/s)

Arrive:"1991VG"
6/16/2018

tof: 194.6 days
mass: 10819.0 kg
Ilyby alt: 0 km

Arrive:Earth
5/27/2021
tof: 915.3 days
mass: 19454.3 kg
flyb){ alt: 0 km

v i1.41 km/s

0.00 km/s)

Arrive:Earth
6/8/2020
tof: 917.9 days
mass: 20328.7 kg
flyb¥ alt: 0 km

v 11.41km/s
*Data for interplanetary phase only, excluding spirals
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Out of Phase with Earth

Depart 6/2017, 1.7 yr., 0.9 t Xe
Close approach in 2017

Arrive:Earth

2/7/2019 ive:" "
Arrive:"1991VG
tof: 614.9 days 11/15/2017

mass: 20085.3 kg tof: 166.0 days
ﬂybs{ alt: 0 km mass: 10814.6 kg
flyby alt: 0 km

Depart:” 1991VG -End Stay (v _0.00 km/s)
2/13/2018
tof: 256.0 days

mass: 20814.6 kg
(v_:0.00 km/s)

Depart:Earth
6/2/2017

tof: 0.0 days
{mass: 11000.0 kg)
flybgl( alt: 0 km

in phase

Depart 11/2015, 6.0 yr., 2.6 t Xe
Close approach isn’t until 2028

Arrive:Earth
11/2/2021

(tof: 2190.0 days)
mass: 18437.5 kg

flyby alt: 0 km
y!i 28 km/s

Depart:Earth @
11/4/2015

tof: 0.0 days
(mass: 11000.0 kg)

ey 3ok

Arrive:"2006RH120"
9/15/2017

tof: 680.7 days
mass: 9216.8 kg -
flyby alt; 0 km Depart:"2006RH120"{#End ptay
(v_70.00 km/s) 2/25/2018 .

tof: 844.1 days

mass: 19216.8 kg
(v_:0.00 km/s)

out of phase
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Capture to Loose Orbit
Forgo 2 yr., 4.2 t Spiral to ISS

Depart 4/2014, 3.6 yr., 3.0 t Xe
H=284D ~8m,0CC=2
Returns 500 t to Earth!

~

Arrive:Earth

12/6/2017
tof: 1301.2 days

mass: 508041.3 kg \
ﬂyb& alt: 0 km \

e

Depart:"1991VG" - Bnd SHay

8/11/2015
Depart:Earth tof: 454.8 days
5/14/2014 mass: 510415.6 kg
tof: 0.0 days (v_:0.00 km/s) .
{mass: 11000.0 kg)
flyb¥ alt: 0 km .
1 km/s Arrive:"1991VG"

5/13/2015

tof: 364.8 days

mass: 10415.6 kg

flyby alt: 0 km

(V_20-00 kms) 4

/

¢
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Depart 10/2016, 6.0 yr., 5.0 t Xe
H=295D ~4m,0CC=1
Returns “only” 50 t to Earth

Arrive:Earth
10/27/2022

(tof: 2190.0 days)
mass: 56103.6 kg
ﬂybylf alt: 0 km

Depart:Earth
10/28/2016

tof: 0.0 days
{mass: 11000.0 kg)

flyby alt: 0 km
y %41 km/s

Arrive:"2006RH120"
10/12/2018

tof: 713.5 days
mass: 9009.2 kg

flyby alt: 0 km
(y Y 0.00 km/s)

Depart:"2006RH120" - E
1/10/2019
tof: 803.5 days

mass: 59009.2 kg
(v_:0.00 km/s) 4
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Return 500 t to Loose Orbit

Depart 3/2017, 3.5yr.,, 3.9t Xe Depart 12/2018, 4.5 yr.,, 5.1t Xe
H=28.7,D “6m,0CC=4 H=28.3,D~7m,0CC=1

-
-

Depart:Earth
Ny 12/10/2018
tof: 0.0 days
(mass: 11000.0 kg)

Depart;"200NN12" - "‘i Stay
flyb¥ alt: 0 km

8/17/2018 Y k
tof: 530.4 days \ /s
{ Depart:Earth mass: 509540.6 kg
3/4/2017 (v _10.00 km/s)
tof: 0.0 days 1) .. Depart:"2009BD" - Epd Stqy
(mass: 11000.0 kg) ‘ 1 Mo 7/2/2020
flyby alt: 0 km Arrive:Earth ‘ tof: 569.6 d
v 1.41 km/s v 10/2/2020 L\ or. 3 ays
| mass: 509122 .8 kg
tof: 1308.1 days (v :0.00 km/s)
Arrive:"2007UN12" mass: lfgog?‘SSA ke \ -
5/19/2018 yDy al: @ K
tof: 440.4 days 485 ks
mass: 9540.6 kg
flyby alt: 0 km y
(V_0.00 km/s)
RN o Arrive: Earth\ 2\;:;'/\;%:2%0098[3
i 6/7/2023 “‘—-’( tof: 479.6 days
— (tof: 1640.0 days) mass: 9122.8 kg
mass: 505875.9 kg flyby alt: 0 km
flyb¥ alt: 0 km (v_70.00 km/s)
v 1231 km/ea
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Remarks

* 6years, 8 1tof Xe, & 40 kW SEP system returns:
— 10 t asteroid to ISS
— 500 t asteroid to Earth capture orbit

* For fixed flight time, power and s/c mass scale with
asteroid mass

e Earth spiral time is inversely proportional to power

* [nterplanetary trajectories tend to change in 1-year
Increments

e Best time to return asteroid is when it naturally has a
close approach to Earth

* Adjusting arrival time with a big rock can be expensive
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