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Consider Ballistic Launches Outward from 1 AU

S No thermal issues |nS|de of1 AU

. L|m|ts fIyout speed Seline . iRy

e Energy galn from Juplter |s S|gn|f|cant and a flyby |s e
- required | e e

= Multiple k|ck stages are requwed

= Where the k|ck stages are flred can affect the e
outcome ol s i L nh D s
> (1) Use all stages at |aunch Juplter fbey IS passwe
“ »{2)Use only some stages at Iaunch burn at Juplter
._periapsis ~ el R R

> (3)In any: case Iaunch the stack to C3 > 0 to m|n|m|ze RPS 5
4 safety issues ,j,j TR sk : S S
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Physics Limits - Distance

‘n TranS|t t|mes from Earth
~to 200 AU '

> Balllstlc trajectorles both
. with-and WIthout Juplter
grawty aSS|sts i

- Opt|m|zed grawty assrst
cuts transit time by .
factor >2 for C3 < 350
- km?s2 - ;

= Voyager 1

 >1295AU (18 light hours)

> 37 years en route

33.3 years at C3 = 200

25.5 years at C3 = 350

Flyout time from Earth [yr]

1,000

=== Direct flight to
200 AU

==Flight to 200 AU
with Jupiter
gravity assist at
optimized
perijove

Flight to 200 AU |

with Jupiter
gravity assist at
1 planetary
radius perijove

> C3 ~100 km?/s? ———L

i Jupiter and Saturn aSSlStS
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Physics Limits - Speed

‘= Voyager 1 is the fastest
~-object Ieavmg the solar'__

system

> Speed is 3 6AU per :

‘year (17 km/s)

= Twice that speed is 7 2 <

AU/yr (34 kmls)

> Achieved for a Iaunch 2
03 of 278 km?/s? _ -

< .13 January 2015 *

7.99 AU/yr at C3 = 350

Vd 6.07 AU/yr at C3 = 200

Asymptotic speed [AU/yr]
[y
o
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== Direct Flight to
200 AU

= Flight to 200 AU
with Jupiter
gravity assist at
optimized
perijove
Flight to 200 AU
with Jupiter
gravity assist at

1 planetary

radius perijove




Launch Vehicles

Launch Vehicle Lift Capabilities g e

, Comp’aris'oh'of

oot 50 ; ‘current.and -

m Geostationary Transfer Orbit (GTO) ’ | n Otlon al %

= renstunr nsertion (1) “launch vehlcle

= Geostationary Orbit (6E0) X | . capabilities for

~some of the -
'vehlcles

$ usable for

. high-C3 - .
“robotic 'spa’ce '

~missions -
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Atlas V Delta IV Heavy SLS Initial SLS Evolved
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Appropriate Kick Stages

. “«"Staging eenfigurations 'are-rnas_s‘--, 1 : "'NOtlonal SLS
_optimized - at the same specific. = 'Block 1B s
impulses - for each stage prowdmg';;_ i
thesame AV : S Explorgtlon h
= _-Th|s implies that hlgher stages m g pper tage Wlt
“the stack need to be smallerin: = .. an Orion Capsme
~order to try to. keep the stage S P ;followmg 5
_(Ia_frl:ects abouththetsame r- kb “v"._‘;;fseparatlon from _
e approach:is o minimize ris y-- Ve
~using existing hardware preferably,-. '-the.bo-OSte_r, R
W|th fllght herltage ' '

B =~ -
;\ -,

. 'The SLS 1B conS|sts of SO|Id strap- :

. (2nd stage) WhICh is. currently
envisioned as usmg 4 RL-10
englnes - |

S ’ R R e » : M.h '3',‘\\ \
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SLS Core Vehicle
ICPS and Caster 30B and SC “stack” = the SLS Payload

CASTOR n Spacecraft
30B and and
Adaptor e > Adaptor

ICPS and
Adaptor

~ 28 feet ~ 13 feet __~9feet

Interim
Cryogenic
Propulsion

Stage (ICPS)

A\\)
&

Exploration
Upper Stage

%5

SLS Configuration

Block 1
(89t LEO)

Block 1B
(117t IMLEO)
(93t LEO)

Block 2B
(138/140/152t IMLEO)
(119/120/137t LEO)

Vehicle ID

10003 10500

27500 27000

25000A/26000A/26001A

Core

8.4m Common Core
4 RS-25D

8.4m Common Core
4 RS-25E

8.4m Common Core
4 RS-25E

Booster

5 Segment Shuttle Booster
RSRMV

5 Segment Shuttle Booster
RSRMV

Advanced Booster
ASB/GG/ORSC

Upper Stage

ICPS
1RI-1082

Common Upper Stage
4 RL-10C2

Common Upper Stage
4 RL-10C2

Payload

Orion 5m Payload

5m Payload 8.4m Payload

10m Payload

Revision: 4-25-14

Payload |
Stack

Core
Vehicle

Bottom Line:
The ICPS, CASTOR
30B, Adaptors and
Spacecraft are

treated as a single
“payload” for SLS




Various Kickstage Combinations Considered
Pass:ve Juplter Fbey

:-:-'SLS Block 1B WIth CASTOR 3OB and STAR-48B
_ SLS | EUS (2"°' Stage) / 3"5I Stage / 4th Stage # Payload . ;

- SLS Block 1BIEUS W Delta-4 Upper Stage & CASTOR-3OB
: VSLS l EUS (27 Stage) 1-3d Stage [4th Stage I Paylead S :

- SLS Block 1B Wlth CASTOR 3OB Solld Thlrd Stage
~ SLS/EUS (2nd Stage) / 3rd Stage / Payload , ‘

SLS Block 1B W|th Four Stages Optlons . |
| : SLS/EUS (2"°' Stage) / 3“3' Stage /- 4th Stage I Payload A R

Delta 41 STAR 483/ 500 kg spacecraft A
C3 387 1 km2/s2 24 4 years to 200 AU 8 3 AU per year G

. Spacecraft masses of 200 kg to 500 kg conS|dered

= 5 stage can fit (|n shroud) Delta 4 / CASTOR 30B / STAR-48B
> Case not yet stud|ed 2T i S T SR A _
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