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A )
\w’/ AFRL Briefings to NRC on RBS

* AFRL Perspective on Reusable Booster Technology
— 1/2 hour

* RBS Program
— 1 hour (40 min brief and 20 min discussion)

* Hydrocarbon Boost Technology Program
(Tomorrow)

— 1 hour (40 min brief and 20 min discussion)
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Emerging Themes/Needs

DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE SPACE COMMAND

DEC 20 70m

MEMORANDUM FOR AFS=C NAF AND CENTER COMMANDERS
HQ AFSPC DIRECTORS

FROM: AFSPCICC
150 Wandenberg Street, Suite 1105
Peterson AFE CO 305144020

SLUB.JFCT- AFSPC Long-Term Scierce and Technology (S&T) Challanges

1. Space and eyberspacs capabilitios sre sbsclutely vital to future national sscarity and joirt
operaticna. To ensure our continued deminance in the space and cyberspace mission areas,
Air Farce Space Command must find inncvative solutions to address seve-al long-lerrn S&T
challenges.

2. On 15 June 2011, | established a new vision, mission and geals for the cemmand. In
coorcination with the Air Force Research Laboratory, Space and Missile Systems Center and
14th and 24th Air Forcas, my Chief Scientist identified four S&T challenges as the most eritiza
1o meeting theze goals, thus ensuring aur ong-term space and cyberspace dominance. As we
meve forward. these challenges should form the cornerstone of vour S&T activities

AFSPC Long-Term S&T Challenges
Eliminate cyber restrictions that [imit situational awareness; command, contral,
zomruications and compulars: positionnavigation and tming: and cybar ooerations
rovide a ull-epecinim !aunch capability at cr:arncutlcc:lh,r lewer ccrt
; al

stablish intrus or-resilient cyer natworks

& HQ AFSPCIST will lead the effart to ncorperate this guidance inlo our command's S&T
activities. My POC is Dr. J. Dougigs Beazon, HQ AFSPC/ST, DEN 682-2261,

e
WWILLIAM L. SHELTON

Genzral, USAF
Commander

oo:

HG AF/ST

SAFAD

SAFISF

AFOSRICC

MFRLICC

GUARDIAME OF THE HIGH FRONTIER

3X cost reduction for RBS, 10X achieved via full reusability
Payloads

— Pico, Nano, +

— 10-15K (CPGS, Small Medium, etc.)
— EELV Replacement to 17-64K lbs
Global ISR/Strike

Sortie Payloads

Disaggregated Payloads (AFSPC/CC)
Hypersonic testing/testbed
Commercial providers

Point to Point Transport?

Many potential users: AFSPC, GSC, ACC (ASC), STRATCOM,
AMC, NCA, OSD, NRO, NASA, etc.

AFSPC
LONG TERM S&T CHALLENGES

Provide a full spectrum launch

capability at dramatically lower cost

Provide real-time cross-domain,
predictive, assured situational
awareness
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N / A Decade of Studies Recommend:
e+ Initial Steps =2 Reusable Boost System

* Predicted launch savings at 50 to 67%

— Reduces expendable hardware by a factor of three
(Key element is reusable engines)

1 AFRL Next G
Launch Capability
Vector 1) _— - _ . . . .

Ll Y scientiic Advisory Bosrd — Avoid Shuttle-like manpower-intensive support
-

study
Apcesn
Y

i ® Recent analysis:

fioer the US dir Force

— AFRL Responsive Space Advanced Technology Study
(2003)

— Operationally Responsive Spacelift AOA (2004)

— USECAF Vector 1 Launch Study (2005)

— Aerospace Future Launch Study (2006)

— AF SAB Future Launch Vehicles Study (2010)

— SMC Spacelift Development Plan (draft 2010)

— EELV/RBS Total Cost of Ownership (| AFRL S&T Goals

| © 66% cost reduction
e 24 hr turn-around
2-8 hr call up

Headguarters L. 5. Alr Force s

= e

indageiiy - Barviss - Baeellionas
Oparationally Responsive Spacelift [ORS] )
Analysis of Allernatives (AcA-A)

Consistent Study Results

Reusable technology can reduce launch costs — ELV cost reductions not driven by technology
but rather by lean acquisition processes, high production rate & launch range streamlining
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S&T Focus to Achieve the Goal

Objective: Reduce Cost 50 to
67% for Spacelift

60% of launch vehicle
40% of ground ops

10% of range ops
40% of mission assurance

’ -
e Launch Vehicle

* Reuse Booster Stage
200 reuse booster
50 reuse engine

 More Efficient Engine for
Booster and Upper Stage
« Design for maintainability,
clean pad ops, 15 person
contact/shift, 24 hour turn
time, 2-8 hr callup

« Autonomous Flight
Operations and Automated
Flight Safety System

 Eliminate IOT&E/DT&E for
every booster thru
reusability & aircraft like
ops

\
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‘\/" Vehicle Options& Flight Rate
i Comparison

Exemplar, from extensive parametric analyses

20-Year Life Cycle Cost ($B)

Fully

Expendable
DoD Area
of Interest

n" Interesct

Reusable Boosfef

20 30 40 10 20 30 40
Flight Rate (Launches/Year) Flight Rate (Launches/Year)

LEO Capacity = 15 klbs; Reusable Fleet Size = 4 up to 20 flts/yr, then 1 more per each additional 10 flts/yr
(Values assume all-new developments - Costs in FY2004 Dollars)

Reusable Booster: Lowest LCC and Recurring Cost at All Likely Flight Rates
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\*’/ Reusable vs. Expendable Comparison &

(This example based on 15 klb to LEO capability)

RLV RBS ELV
(Reusabl
e
Booster ! k
= System) Avoids 64% of ELV’s
] I expendable hardware I
Expended H/W (KIb) 0 ®/ 33
Reused HW (kib) 196 Avoids 69% of RLV's 0
Y reusable hardware vy
A 4 v
Fully-Reusable RLVs RBS Fully-Expendable ELVs
* Are big because orbiter must * Balance ELV-RLV Production and * Expend large amounts of
go to/from orbit (80% of orbited Development costs, resulting in hardware
mass is the orbiter) lower LCC for most cases - Drives higher recurring
* Drives higher development and costs
production costs

Note: Cost of expendable hardware is partly production, but also includes costs of documentation, testing, and reviews required to assure reliability. Reusable booster hardware can
be designed with higher margins, and certified to permit reuse with minimal testing/review (similar to aircraft).

RBS Has Solid Cost Savings Potential

Distribution A — Approved for Public Release. Distribution Unlimited. 8



\./ RBSAffordability: Reduction in
M o Expended Hardware

70
. Fully Expendable (Example: 25 klb to LEO
o) Vehicle Weight
~ 60 I
= . - Best region
0 0
D 50 Reduction || Reduction | | for R.BS [
%) design
J/
a 40
(@)
- 30
() =
o :
c ¥
o 20 ™ ~S~—
=3 = =
e
—_ L
L Glideback etorac ! Downrange Landing
IE 0 - Rocketback =
0 5 10 15 20

1st Stage Separation Delta-V (kft/sec)

Reusable Booster Staging Velocities Between Mach 3 and 7

Reduce Expended Dry Mass By Factor of 2-3

Distribution A — Approved for Public Release. Distribution Unlimited. 9



OPERATIONS Shuttle
System Orbiter

Labor Hours
Infrastructure
Thermal 18,914
Integratlon Crew Support 15,893

Mechanical 12,482
Reusable Booste echanica
Upper Stages Vehicle Reconfig

for Payload

Payloads
OMS/RCS

Spaceport Electrical
Propulsion

PostOps

Reusable

Booster
Labor Hours

12

Summary of Improvements

Mach 6 or less Vs. Mach 25 Shuttle reentry
creates benign reentry environment

No crew or on-orbitoperations

Modern self-contained actuation
Benign environment
Higher margins

No payload bay, No reconfiguration. Payload
carried in fairing on expendable upper stage.

No OMS. Non-toxic RCS.
Batteries only. No Fuel Cells. No APUs.

Modern hydrocarbon engines, High-margins,
Reduced performance requirements

Reusable Booster Avoids Maintenance Issues of Previous Reusables by
Focusing on only Reusable Booster — not Orbiter
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A 2
\/ Design Region Sensitivity
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RBS = Reusable 1st stage, Expendable upper stages
0 I I I I I I
0.76 0.78 0.80 0.82 0.84 0.86 0.88 0.90

Stage Propellant Mass Fraction

Mass fraction of expendable stages: 0.9 (Propellant Mass / Gross Mass)

RBS Configuration Facilitates Robust Margins
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A » . .
Rocket Vs. Hypersonic Propulsion
\¢;./ Far Term i/spt Stage Solution

250
= (Example: 25 klb to LEO)
< 200 ' Hypersonic
2 TBCC* Booster
%‘ (horizontal takeoff)
>
A 150
@ 2 2
2 5 £
: : ; _»
m 100
L) /
QO
&
> RP Rocket Booster

50 ; >—
¥ (vertical takeoff)4 ——

0 [ [ [ [ [ I [
0 2 4 6 8 10 14 16
Booster Staging Delta-V (fps)
Dominant
Based on Rocket Equatign: Factor

AV =g, ¢ (9) * In(m/my) -Cgravity/drag losses

Reusable boosters need high thrust to accelerate quickly & reduce gravity/drag losses.

Vertical takeoff rocket (RP) preferred in long term for reusable booster.

* TBCC- Turbine Based Combined Cycle
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~ 150K feet
altitude

Boost
Glide

| Low ascent heating
N3 I T
Minimal reentry
heating

Distribution A: Cleared for Public Release, SMC/XR 19 Oct 2010: JDA18564

* Vertical lift, horizontal land,
Reusable Booster System

* Demonstrate key features on
subscale system(s)

* Return-to-base maneuver
® Turn time and cost savings

e Benefit to Warfighter:

* > 50-66% cost reduction
for launch on schedule

e 2-8 hr call-up, 24-48 hour
turn around from call up to
launch, and 90% weather
availability for assured
strike and launch on
demand
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A 2 :
Hybrid Reusable Booster Technology
\¢;r/ Maturation

Adaptive Guidance & Control

Integrated
Vehicle
FAST Health
(AFRL) Mngment
Airframe 2015

Structures _J ——
Pathfinder Rocket Back Demo
(SMC & AFRL

Responsive
Ops Test

"RBS

(AFSPC

Physics-Based

MS&A tools HCBoost Demo  ___ > Tm— Prototype &
._ (AFRL) e R Flight Weight
:\'\R‘_‘ . -11 o\ Engine (SMC)
) :
- Integrated Engine Cycle Testing
Vision Engine  Risk Reduction (250Klbs Thrust - Subscale)
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