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Introduction

* There are secondary payload opportunities for Artemis | and Artemis Il
- 13 6U Cubesats will fly with Artemis |
- TBD number of secondaries on Artemis Il, 12U or 6U Cubesats

* Currently both missions call for heliocentric disposal of the ICPS
* Secondary insertion states for secondaries will be broadly similar

* Challenges and opportunities also similar



Artemis | Overview

AJTEMIS 1

The first uncrewed, integrated flight test of NASA’s Orion spacecraft and Space Launch System rocket, launching from a modernized Kennedy spaceport
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LAUNCH

SLS and Orion lift

off from pad 39B at
Kennedy Space Center

@ ENTRY INTERFACE (EI)

@ spLasHDOWN
Enter Earth’s atmosphere

Pacific Ocean landing within view
of the U.S. Navy recovery ships

JETTISON ROCKET
BOOSTERS

Solid rocket boosters
separate

CORRECTION (RTC) BURN
Precision targeting for
Earth entry

JETTISON
LAUNCH ABORT
SYSTEM (LAS)
The LAS is no
longer needed,
Orion could
safely abort

CORE STAGE

MAIN ENGINE

CUT OFF (MECO)@
and separation

Perform the perigee

raise maneuver CUBESATS DEPLOY

ICPS deploys 13 CubeSats total

ENTER EARTH "\V}
oRaIT ' sece B

EARTH ORBIT

¢
g
Systems check and

solar panel adjustments o ]
o INTERIM CRYOGENIC PROPULSION
STAGE (ICPS) SEPARATION

The ICPS has committed Orion to TLI

FHH
TRANS LUNAR ®
INJECTION (TLI) BURN

l Burn lasts for approximately
20 minutes

ATEMIS e

Earth Orbit —— Trans Lunar = Lunar Orbit

Total distance traveled: 1.3 million miles - Mission duration: 26-42 day

47 FINAL RETURN TRAJECTORY P4

® OUTBOUND TRANSIT
Requires several attitude maneuvers

OUTBOUND TRAJECTORY
CORRECTION (OTC) BURNS
As necessary adjust frajectory
for Lunar flyby to DRO

OUTBOUND POWERED FLYBY (OPF)
62 miles from the Moon;
targets DRO insertion

‘W
Heliocentric Disposal
. precludes re-contact

@ orsiT INSERTION

Enter Distant Retrograde
Orbit for next 6-23 days

DISTANT
RETROGRADE
ORBIT (DRO)

Orbit Maintenance
burns and solar
panel adjustments;
38,000 nmi from the
surface of the Moon

44 DRO DEPARTURE
16 Leave DRO and start
return to Earth

45 RETURN POWER FLY-BY (RPF)

RPF burn prep and return
coast to Earth initiated

46 RETURN TRANSIT
Return Trajectory Correction (RTC)
burns as necessary to aim for Earth’s
atmosphere; travel time 3-11 days
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AJTEMIS |

Trans Earth  —— Earth Re-entry - -- Payload Orbit/Disposal

- Re-entry speed: 24,500 mph (Mach 32) - 13 CubeSats deployed

Secondaries are
deployed following
ICPS disposal burn




Artemis | “Bus Stops”

Bus Stops
1

2
3
4
5

Altitude (approx.
36,507 km
70,242 km

192,300 km
395,248 km
355,807 km

Bus Stops

To Helio

Flight Time (PMA Based)
4 Hrs. & 1 Min.

6 Hrs. & 59 Min.
1 Days, O Hrs. & 54 Min.
5 Days, 21 Hrs. & 50 Min.
6 Days, 9 Hrs. & 49 Min.

Description
First opportunity for deployment, cleared 1% radiation belt

Clear both radiation belts plus ~ 1 hour

Half way to the moon

At the moon, closest proximity (~240 km from surface)
Past the moon plus ~12 hours (lunar gravitational assist)

Note: All info based on a 5.9 day trip to the moon (PMA Trajectory).

There are multiple
opportunities for the
secondaries to deploy from
the spent ICPS upper stage

A key discriminator is prior
to and after the lunar flyby,
which is a Lunar Gravity
Assist (LGA) to dispose of
the ICPS




Artemis | Departure States
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Artemis | targets
Lunar Perigee

Lunar Perigee changes
as a function of launch
date/time

Depending on the time
of month and year,
departure direction
can vary greatly

Thus the nature of the
heliocentric orbit and
orbit phasing vary
greatly as a function of
launch date




Secondary Opportunities on Artemis |
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Lunar orbit
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Opportunities are a strong function
of secondary propulsive capability

Maneuvers can
target lunar orbits
or cislunar/deep
space orbits

NEA Scout example: Does Delta-V
prior to initial lunar flyby to target
subsequent lunar flybys and achieve
up to 1.5 km/sec escape velocity




Artemis Il Overview

AJTEMIS I

Crewed Hybrid Free Return Trajectory, demonstrating crewed flight and spacecraft systems performance beyond Low Earth Orbit (LEO)

1) LAUNCH

ENTER EARTH ORBIT
Perigee Raise Maneuver
(PRM) by Interim
Cryogenic Propulsion
Stage (ICPS) into
100x1545 nmi

orbit

APOGEE

RAISE

BURN

TO HIGH

EARTH ORBIT
Followed by ICPS
separation and Orion
systems checkout

. ORION TRANS-LUNAR INJECTION ©
(TLI) BY ORION’S MAIN ENGINE

ICPS Disposal

ENTRY, DESCENT, . to Heliocentric orbit

AND LANDING ™
CREW AND ORION

CAPSULE RECOVERY »
: CREW MODULE/ Z
SERVICE MODULE

SEPARATION

@5,4

) TRANS-EARTH RETURN
4 days Return Trajectory
vs Correction (RTC) Burns
—Q by Orion Aux Engines

TRANS-LUNAR OUTBOUND ‘{
4 days with Outbound Trajectory ’
Correction (OTC) Burns by

Orion Aux Engines

Launch Low Earth Orbit High Earth Orbit = Trans Lunar Trans Earth ~ Earth Re-Entry

SLS Configuration (Block 1) with Human Rated ICPS | 15x1200 nmi (27.8x2222.4 km) insertion orbit | 28.5 deg inclination

4 astronauts | Mission duration: 10 Days | Re-entry speed: 24,500 mph (Mach 32)

J
ATEMIS

Payload Orbit/Disposal

Secondaries are again
deployed following
ICPS disposal burn




Artemis || Opportunities
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- Earth Orbit

+ 2019 GF1 Orbit
With less constrained mass (26 kg vs Loy ‘
14 kg and volume (12U vs 6U), Artemis
0.5} " Depart Ea
Il payloads can carry more Delta-V T e
- 1/ Sun
2 00 : O
. . 2019 GF1
Using these relaxed constraints to double 057 Rendszjous
the size of it’s solar sail, NEA Scout could |
1.0+
slash TOF from 563 days to 413 days
-1'-51.5 -1I.0 AOI.S O.IO 0:5 1.0 1.5
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Another example is that a spacecraft However Artemis Il secondary payloads
with a “green prop” propulsion system concept of operations is far less mature than
could do a Mars flyby with the relaxed for Artemis |, so ground rules and
12U constraints allowing a greater assumptions may change
propellant mass




Conclusions

Artemis | and Il have secondary payload opportunities are both a strong function of:
- Artemis launch window
- propulsive capability of the payloads

I A secondary payload targeting Earth escape will have better performance doing the Delta-V prior to the lunar flyby I

I With higher limits on mass and volume, Artemis Il payloads can achieve more I

I Artemis Il concept of operations for secondaries is still maturing I






