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> AFRL Briefings to NRC on RBS

* AFRL Perspective on Reusable Booster Technology

* RBS Program

— S&T
— RB-X
— Overall Assessment
* Hydrocarbon Boost Technology Program

(Tomorrow)
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Reusable Booster Launch Vehicle
»’ CONOPS

~ 150K feet 3 2 Deploy Satellite
altltude

Mach 5+ » ’ /—\\

Separation @ Boost Back
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\/ What is Responsive Space Access?
%% A Suite of Technologies Enabling Future Capabilities

Transition To
Reference Flight Future Capability

Responswe
_ Launch
s 5-15K Ibs
\\V Hypersonic

4/ Testbed &
( High Speed
Aircraft

Component Technologies

Systems & X-Planes ..

RBS

Space Sortie
Vehicle

Liquid Flyback

Boosters or "

Composites M Airframe 4 ' Commercial
AFGE - TPS A

. Enables Technology - }J EELV |
Integration Replacement [“SGkel
~15 ~20 %ano/Small-Launch

Propulsion & X-Planes | Tech Transition
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\ 4 RBS

QP The Technology Challenges

® What technology challenges need to be overcome?

« Current space launch ops are expensive due to expendable space access
components w/manpower intensive 6-48 month call up, and launch on clear
weather only

Maintenance intensive acreage TPS
Single use high temperature sensors
Remote control & man in loop control
Preplanned failure modes & response (no ISHM)
Maintenance intensive, single mission engines
« Current reusable high speed structures have significantly poorer fuel mass
frartinnce than AavynoandAahlac
ITACVIITUITITO tITAdIl C/\'JCIIUQIJIUD
What technologies are being matured as part of this Flagship?
* Rapid Remove and Replace TPS, Seals, and Attachments
* Long Life High Temperature Sensors and Actuators
* Low Cost Reliable Upper Stage
* Reusable Rocketplane and Launch Complex Design for Operability
* Mach 5+ Vehicle Recovery Turn
* High Mass Fraction, Composite Lt Weight Structures
» Adaptive Guidance & Control
« Rapid Airframe Assessment and Maintenance

Distribution A — Approved for Public Release. Distribution Unlimited.
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§g RQ Spacelift Portfolio

$169M .
Reusable l Pathf:nder Jech Base $512M
7% 10% Expendable
Reusable Grnd Liq Rocket
\ Ops \ Tech Base
\ 2% 10%
. High Speed Reusable
Aircraft 22%
10%
Expendable
Reusabe HCB 68%
3%
Range & Mis
: Solid Strap-on
Plning USET . P
% 19%
3%

$758M RQ Spacelift Portfolio
FY12 PB/BA with funding from FY10 to through HCB
technology completion in 2020

Reusable Booster Stage Requires $538M of this Portfolio

Distribution A — Approved for Public Release. Distribution Unlimited. 6
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\/ Innovation — Key Technologies for Responsive or

°w’ Reusable Spacelift
RTLS and r
Real Time Health Rocketback "
Management
o oownvange oy "7 nght Welght
_dngh Speed | Thermal Protection (Area  Structures
Guidance & Contro and Leading Edges) and  wimmsss v
Thermal Management s

Autonomous &
Adaptive Range
Ops

CFD &
' _ AeroThermai
Aircraft Like Ground Dynamic Design
Operability, Clean Pad Tools

-

Low Cost

Ops, and Design for

Hypersonics & T
! : . i Expendable
Power, Fluid, ==s=s— Upper Stage
Thermal & and
Actuation Reusable

1 - Rockets
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\/) Incremental Steps to Responsive Llft
and Launch on Schedule

oA
Small Test Vehicle ./ Demo \\‘
, 4 A/C-Like v
N e £ 4 y CONOPS |
AT I[___—»:'::f
SSV
_ <15K Ibs
ST N Small Launch RB-X Options
,/ Demo ’?*'\:‘ : Options
i Rocket v . Potential
,I[BOOSt Back , == Residual Capability
\ - Cost $1-3M Conflqurle;tlgolr;s ]
S
Test
: F-15 5K Ibs
Build (Size Ref) .
| \ .
ﬁl Ty Step 4 (Options)
; Operational RBS
X-Plane(s) L (% Step 3 Up to 65K Ib Payload
X-45 AT P
. Small & LI L Cost 3X<EELV
(Size Ref) Affordable > | | j! | Residua|1IbCapabiIity
ol N X 5-15K Ibs to LEO
N
§ 9 Step 2-RB-X
e Cost 3X Less (“Wﬁ
. Small demonstrator @ x
Y v S_ 5-15K Ibs to LEO
Step 1 - Pathf.l.nder Cost 2X < Minotaur IV
Residual Capability
Nano-sat Launch Option N
S0 Kgto LEO

Q Fnl - |
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\/ Responsive Space Access

Qr Roadmap & Transition Opportunities

‘12 “13 “14 “15 “16 “17 “18 “19 ‘20 ‘21 ‘22 ‘23 ‘24 ‘25 ‘26 ‘27 ‘28 <29 ‘30 ‘31 ‘32 ‘33 ‘34 35

HCE -- NGE & EELV Extension / NASA Liquid Booster

A Hi Ops Tempo

TPS & Thermal Stryctures

> RBS Spacelift Option

¥ A
AGSE A X »<&2>»[ 2nd Stage X—Ssxﬁ' Global Range - Aircraft Operability>

| | | |
> RB-X WAt strike Recce Small Li%—\{

Global Jontrpl Ex o

Unfunded
Technology for Reusable L
Transition Opportunities

RR Responsiveness Integrated )
into Future Capabilities AR & spira

ommerclal RBS A Transition Point (TAD)

» A 4 Y

> de HI Feeds Hypersonic Roadmap e

B
nre auncn ALD G
Small Launch Option >

Commercial RBS @ & Fully Reusable @
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\/ Hybrid Reusable Booster Technology
N\ :
< Maturation

Adaptive Guidance & Control e R
2 | Integrated Flight DemooriX- =
Vehicle Planie
FAST Health
(AFRL) Mngment
Airframe

Structures

Responsive
Ops Test

RBS

(AFSPC
funded)

'\ o

(ysics-Based

MS&A tools HC Boost Demo Prototype &
N (AFRL) Flight Weight
S :\Q r g ’ Engine (SMC)

v Integrated Engine Cycle Testing

Vision Engine  Risk Reduction (250KIbs Thrust - Subscale) 4
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Hydrocarbon Stage Combustion
Engine Development

Model Driven Design

Subscale/
Rig Testing

Integrated Engine
Cycle Testing (250K)

TRL 4 TRL 5

] Component (2019)
TRL 3 Testing
f USET design (2015 - 2028)
L tools
Vision
Engine Flightweight
Engine (860K) |

. Prototype Engine
o R TRL 6 b %

430K K
Component TRL — Green (2025) (2022) (430K/860K)

System TRL — Pu rp | @ Distribution A - Approved for Public Release. Distrbution Unllmlted
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Hybrid Reusable Booster Technology
\/ Maturation

Adaptive Guidance & Control =—— s
2 Integrated

Flight Demo_orX-
Plane

Vehicle

FAST Health
(AFRL) Mngment
Airframe

Structures

sonsive - ‘T RBS

Ops Test (AFSPC
funded)

'\ o

Physics-Based

MS&A tools HC Boost Demo Prototype &
N (AFRL) Flight Weight
S :\Q r g ’ Engine (SMC)

v Integrated Engine Cycle Testing

Vision Engine  Risk Reduction (250Klbs Thrust - Subscale)
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\/ Airframe Ground Experiment
«Qr

« The AFGE Program Includes the Integration of Composite Primary
Structures, TPS and SHM Technologies into a Full-Scale Airframe
Experiment to Reduce Critical Risks for Future Flight Vehicles -

* Major Program Elements

— Mature Airframe Design of the Reference : FAST Reference
Flight System (RFS) Booster Vehicle = Flight System (RFS)

— Design & Fabrication of an Integrated

Airframe Test Article, ~7’ x 19’ '
FAST

— M_lSSlon Cycle Testing to Eva!gate AFGE Test
Airframe Robustness, Reliability, Article
and Reusability

* Planned testing to simulate LO2/RP R e |
. . T AN
system (& potentially LO2/LCH4) ;’v;/;l..

« 100 ascent/descent mission cycles
with LN2 (simulated aero loads, thermal,
cryo, TPS, vibration, proof, etc.)
AFRL;'
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\/ Design and Operability Overview
24 o

CONOP & Functlonal
Definition

* Dayin the life

. Sequence Diagram
. Requirements

e Testplan

e ICD

* DODAF

¢ 2009 - 2010

Simulation Test Bed
Design, Development, and
Integration

* Hardware

e Software

* Ops Control Center

Distribution A — Approved for Public Release. Distribution Unlimited.

Conduct Experiments
Simulation Scenarios

Nominal flight
Abort on launch

Engine icing during rocket
back

TPS struck non-critical

A
AFRL
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\*;?/ Responsive Ops Demos

* Mission Planning

* Rapid mission planning with range
approval

* Automated flight safety system

* Low manpower Operations Control
Center

* Rapid engine remove & replace
* Rapid TPSremove & replace

* Automated alignment, connection,
and verification system

* Elementintegration (Vehicle to
vehicle and vehicle to pad)

* Vehicle and ground ISHM with interactions

* Including considerations for upper stage change-out and
destacking

* Rise-Off umbilicals

* Rapid Propellant Loading
* Tank, line, and subsystem conditioning
* Automated to reduce personnel requirements Ground-Vehicle Umbilicals

One Integrated Health Management System for Ground and Flight Operations

Distribution A — Approved for Public Release. Distribution Unlimited. 16



A 2 ..
A\ Y4 AG&C and ISHM Experiments '

- | ‘:'\\_.. =t 7
g

* Adaptive Guidance & Control/Subsystems & Integrated Systems Health Management
— Autonomous guidance and control “iron bird” flight controls, flight laws,
subsystems and failure management
— Integrate with flight computer, ISHM and Ground
operability and maintenance planning A
{ DgsktopPC
— Demo in OCC . ot ol
= =R *Environment
S \\ *IVHM
R S ' Flight Computers «0CC
N Integrated Modular '-\~Sensors
Avionics t

Test Stands RCS

N _/)

MACH " Trajectory |~ Footprint
_ Generation | Generation

m | e J

........

co7T10%1
Cleared for Public Release AFRL/WS 07-0499
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\j Control & Health Management and
p Operability Challenges

400,000

6DOF Control for Robust Rocket Back oo 1

Maneuvers OO i

— Flight Envelope Limitations 3* =

— Vehicle Orientation / Load < o -
Restrictions / S s

— Blended, Multiple Control Effectors o

Downrange (nmi)

Range Capabilities and Restrictions

X-Vehicle can demonstrate | Bumeutatitach ¢ |

Mach -6 and return-to-base / parnia

recycle operations from ETR, e = Peakalnide
mwmnn(mm - 1

— Incremental / Extended Flight Test
Program

— Assessment of Facilities

* CCAFS/VAFB

* EAFB

* WSMR

* Commercial / Non-Federal Ranges
— Flight Safety, Communication and

Data Telemetry Requirements - B s o ey

heating environments by flying

e Coogks

Distribution A — Approved for Public Release. Distribution Unlimited.
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A y . . .
W  Hardwarein the Loop Simulation
5

Control Volurre
(maniickd) T2Up

Distribution A — Approved for Public Release. Distribution Unlimited. 19



‘\/ Power, Fluid, Thermal & Actuation

-
Q,"

Challenges

Electric Power Generation, Storage and

Distribution

— Batteries (Li-lon or Li-Polymer) or APU

(Non-toxic) sizing

— Charging / Turn-Around Operations
Full Envelope Thermal Management

— External and Internal Thermal Sources and

Sinks

— Ground Operations Timelines and
Requirements and Weather Conditions

Reaction Control System Sizing and Integration

— Propellant Options

— Thruster and Tank Sizing
— Aft only vs Fore and Aft RCS placement

Rocket Engine TVC
Lift
o 5 e
maan
|
sr;' | Rocket-bock
I
Lavel v/
i ! (T mchustors are nol
! y wsad after complatcn of
Ill ) ‘II rockid -bimck Eam
LN
Mission Timeline
+ 2%, Power Usage ve Mivden Fimeline for Engine TTE
Aero Surface
Actuators e} Approach &
Mlax O __'I anky 1 Landing I
Powar [ |
Usages [
| | |
Leve y [ | Gide |
vy

S— _ W
Aprn Load Rakal  Above AMmosphare

Mission
Timeline

Energy Optimized Vehicle Approach

Distribution A — Approved for Public Release. Distribution Unlimited.
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N Ongoing Technology Program

e Delivers for LL%FG Launch
Adaptlve Guidance & Control \

Integrated
Vehicle

FAST Health

(AFRL)

Airframe ‘
Structures

Responsive
Ops Test

(AFSPC
funded)

Physics-Based
MS&A tools

Prototype &
Flight Weight
Engine (SMC)

HC Boost Demo

ﬁ § u
M Integrated Engine C‘ycle Testing

Vision Engine  Risk Reductlon (250Klbs Thrust - Subscale)

Distribution A — Approved for Public Release. Distribution Unlimited. 21



\~/

[ 4
-

Pathfinder Experiment Concept

Objective: Demonstrate the rocketback maneuver traceable to
relevant flight conditions and reduce risk in key technical areas

7))

Kev Elements:

7 °
i .
End .

Notional RBS Pathfinder Trajectory

Sub-scale RBS Vehicle
Vertical Takeoff Horizontal Landing

Demo Rocketback from not possible
with glideback RTLS

— Supersonic, transonic, subsonic at low
dynamic pressure and extreme AOA

— No other previous flight test comes
close to matching conditions
Propellant management issues

Understand control system
integration issues

Collect aero, trajectory, and control
system response data to feed larger
RB-X demonstrator program

Rocketback Flight Demonstration — FY15/16

Distribution A — Approved for Public Release. Distribution Unlimited.

RL 29



\ 2
\"/ Why Rocketback?

Return-to-Base Maneuver Needed For Staging over Water and Quick
Turn-Around Operations

— Fleet Sizing and Base Concerns
Glide-back Limits Staging Point

— Needs Larger, More-Costly Upper Stage

— Limited to Mach ~3 staging

Jet-back Needs Integration of Additional Propulsion System
— Hardware Integration Challenge

— Increased Flight Time and More
Severe Thermal Environment

Upper Stage

Rocketback Allows for '

Rocket Back

Less Complex Vehicle Gilde Back

— Less Flight Time and
More Benign Thermal
Environment

— No Additional Propulsion
System

Rocketback is a Key Enabler for Responsive, Low-Cost RBS

Distribution A — Approved for Public Release. Distribution Unlimited. 23
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\/ Pathfinder Flight Experiment

Approach Technical Challenges

CONOPS - VTHL and O&M
Flight environment

— Mach 3.5-6.5

— Dynamic pressures up to 100 psf

— Rotation rates up to 20-30 deg/sec
Aerodynamic phenomena

— Vortex shedding

S — Re-entry aeroheating
« Multiple awards - different solutions —  Shock structure
 Sub-scale RBS demo vehicle — Plume-vehicle interactions
« Vertical Takeoff Horizontal Landing — Boundary layer transition

— Viscous interactions
— Flow separation
— Interaction with RCS thrusters

* Reduce Risk
— Explore CONOPS

— Demo rocketback Q:,ﬂ Control surface effectiveness
— Incremental flight \\/\ . System
envelope expansion A — Propellant management
71 — Flight state determination
' . “ — Multiple changes in engine throttle

— Vehicle stability and control

Objective: Demonstrate CONOP & rocketback maneuver traceable

to relevant flight conditions and reduce risk in key areas
AFRL.

Distribution A — Approved for Public Release. Distribution Unlimited.

— Angles of attack from -180 to +180

24



\/ Rocketback Technical Challenges

* Challenges occur at flight conditions where existing computational models have not
been validated and existing ground test facilities are unable to suitably match the
conditions

°* Flight environment
— Angles of attack from -180 to +180
— Mach 3.5-6.5
— Dynamic pressures up to 100 psf
— Rotation rates up to 20-30 deg/sec
* Aerodynamic phenomena
— Vortex shedding

— Re-entry aeroheating
— Shock structure

— Plume-vehicle interactions * Propellant management
— Boundary layer transition .

Flight state determination

— Viscous interactions : : :
* Multiple changes in engine

— Flow separation throttle

— Interaction with RCS thrusters

: * Vehicle stability and control
— Control surface effectiveness

Distribution A — Approved for Public Release. Distribution Unlimited. 25
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N RBS Pathfinder
o

$57M partnership program between
AFRL/RB and SMC/XR

MOA signed in Dec 2010
— SMC/XR provides $16M
— AFRL/RB provides $41M

Demonstrate CONOPS for
RBS first stage

— Vertical takeoff-horizontal landing
(VTHL)

— Rocketback return to launch site
(RTLS) maneuver

Explore rocketback flight envelope

— Unexplored aerodynamic flight
regimes

— New flight control and propellant
management techniques

Distribution A — Approved for Public Release. Distribution Unlimited.
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\/ RBS Pathfinder

Program Approach

* Task Order 1 — Concept Design Maturation (Phase I) FY12

Three contractors selected

Conduct requirements studies to refine the KPPs
from the original solicitation

Conduct initial design study to verify feasibility of
the revised requirements

* Task Order 2 — Detail Design, Fabrication and Flight Testing — Award FY13

One contractor from Phase | will be selected

Build and Demonstrate autonomous flight CONOPS of RBS rocketback
return-to-base mission.

Rocketback envelope expansion flight research.

Integrate with Launch Assist System (if necessary).

Flight Control and Health Management Architecture — Include software
interfaces to support AFRL research activities on Integrated Adaptive
Guidance & Control (IAG&C) and Integrated System Health
Management (ISHM).

Program Costs — Gather data that can be used to estimate the costs of
future RBS demonstration and development programs.

Requirements for TO 2 will be revised as TO 1 progresses

All contractors awarded the basic contract will have fair opportunity to provide revised

proposals for TO 2

All study results from TO 1 will be made available for awardees to bid arevised TO 2

Distribution A — Approved for Public Release. Distribution Unlimited.

AFRL,
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A )
\'.'/ Pathfinder Task Orders Schedule and Budget
\ 4

$7.25M

Q1lFY 12 Q2FY 12

Q3FY 12

Q4 FY 12

Q1FY 13

Requirements
Refinement Study

Meeting

Kickoff ASystem Requir¢gments
‘Assessment (SRA)

Task Order 1 Schedule
(Phase )

Initial Design

System Functional
Assesgment (SFA)

Final Report

* Proposals Received — 19 May 11
» Kickoff Meetings — Early Dec 11

« Updated Program Requirements
Complete — May 12

« Recompete of Task
Order 2 in Sep 2012

» Kickoff — Apr 2013
* First flight — Dec 2015

$49.95M

$$ are FY12 PB

Main Engine
Testing

Critical Design

Phase Il

Vehicle Fab & Assembly

\

FY
2013 FY2014 FY2015 FY2016 | FY2017 |
Task Order 2 Schedule
(Phases II-1V)
/ T
Phase Il

Rocketback
CONOPS
Flight Tests

R ack Flight

ritical Design
Assessment (CDA)

Rocketback
Envelope Flt Tests

Phase IV

Final Report

Distribution A — Approved for Public Release. Distribution Unlimited.
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A y .
N\  Ongoing Technology Program
o Delivers S&T for Future Launch

Adaptive Guidance & Control e —
2 | Integrated Flight Demo_orX- Ty
Venhicle p|§n’é

FAST
SRR p— Health

(AFRL) = o ~ — Mngment
Airframe ? -
2 [*p

Structures

Responsive
Ops Test

Pathfinder Rocket Back Demo
(SMC & AFRL
Ve 145
: @ "'h'v gt
% v

RBS

(AFSPC

( funded)
H. N - )
RN i A -
Physics-Based En ;
MS&A tools HC Boost Demo = Prototype &
N (AFRL) Flight Weight
S:\Qf g ’ Engine (SMC)
v Integrated Engine Cycle Testing
Vision Engine  Risk Reduction (250KIbs Thrust - Subscale)
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\/ RB-X Demo

B

< Can leverage SpaceX Technology Son
Airframe Experiment Pathfinder
v AFGE composite load bearing tank v Award in progress
& structu_re/high PMF v Small, affordable
v Responsive Ops v Demo boost back,
v AG&C/ISHM VTHL CONOPS
operability, etc.
Upper Stage
v Falcon 9 upper stage
v Mod as Demo upper stage
Engine Options .
_ g p. RB-D Design
v Merlin (4 to 6 engines or F9) b, ’ v Mature design, mass
v Operational, minor mods ) /‘ properties & performance
for throttle / reuse understood
v' AJ-26 (1 or 2 engines) v’ Leverages Pathfinder &

Flagship technologies

v" Mod NK-33 for US
Production (E , o
v' Single vs Multi engine demo '- /ng;ztzz;?glgggﬂriztﬁtd

v' Engine out, high ﬁ
reliability, etc. : . ;
Flagship
e A v Ops Control Center v ISHM and AG&C /
‘ v Grounds Ops/Spaceport CONOPS
| \__Aircraft-Like Operability )

Distribution A — Approved for Public Release. Distribution Unlimited.
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\/ CONOPS

v'Air Force: MNS 001-01, Operationally == . Deploy Satellite

Responsive Spacelift, 20 Dec 01 : T—— or CAV
v ORS-LFT ICD, Mar 2006

Mach 5+

Separation V Boost Back

Payload: single core ~8K Ibs, dual core ~15K Ibs
(=]

Distribution A — Approved for Public Release. Distribution Unlimited. 31



\/) Incremental Steps to Responsive Llft
and Launch on Schedule

oA
Small Test Vehicle ./ Demo \\‘
, 4 A/C-Like v
N e £ 4 y CONOPS |
AT I[___—»:'::f
SSV
_ <15K Ibs
ST N Small Launch RB-X Options
,/ Demo ’?*'\:‘ : Options
i Rocket v . Potential
,I[BOOSt Back , == Residual Capability
\ - Cost $1-3M Conflqurle;tlgolr;s ]
S
Test
: F-15 5K Ibs
Build (Size Ref) .
| \ .
ﬁl Ty Step 4 (Options)
; Operational RBS
X-Plane(s) L (% Step 3 Up to 65K Ib Payload
X-45 AT P
. Small & LI L Cost 3X<EELV
(Size Ref) Affordable > | | j! | Residua|1IbCapabiIity
ol N X 5-15K Ibs to LEO
N
§ 9 Step 2-RB-X
e Cost 3X Less (“Wﬁ
. Small demonstrator @ x
Y v S_ 5-15K Ibs to LEO
Step 1 - Pathf.l.nder Cost 2X < Minotaur IV
Residual Capability
Nano-sat Launch Option N
S0 Kgto LEO

Q Fnl - |
Distribution A — Approved for Public Release. Distribution Unlimited.
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\0'/ RB-X Demo Schedule & Cost (ROM)
<

Funding ($1,000's) Yr 1 Yr 2 Yr 3 Yr 4 Yr5 Yr6 /TOTAL '
Assumed funding allocation owver life of progran 5% 10% 15% 20% 30% 20%|' 100%
Required Demonstrator Funds \
Full Scale Demo without Upper Stage 20,000 40,000 60,000 80,000 120,000 80,000 \@(}4

$360 to 450M — Proof of concept demo & flight test
v' Single RBS concept
v’ 2 units + spares
v' Flight test (no upper stage)
U$90 to 120M - Expendable upper stage demo
v' Modify SpaceX 1st Stage of Falcon 1 as single RBS stage
v" Flight test small payload to LEO (5-8K Ibs)
0$40-60M — Extended modular testing
v" Flight test of medium payload to LEO (15K Ibs)
Q$TBD — Additional production
Q$TBD - Recurring annual operations & maintenance
v At 20 flights per year yields $12-18M/flight, $800-1200/1b
v" Projections from AF CORE O&S model modified for RBS
v Commercial synergy may reduce

RL

Distribution A — Approved for Public Release. Distribution Unlimited.
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\/ Currently Funded Technology Plan

FY 12 POM (FY 11-17) + HCB to 2020

Pathfinder Flight Demo
$64M

Cost & Ops databases (TRL-5)

Safe return-to-base validation [RTB and AG&C (TRL-4)]

Controllability characteristics [Flight Laws (TRL-6)]
System integration and performance

« Structure / Tanks / Thermal (TRL-5)

Reusable Propulsion (TRL-5)

 Mechanical / Electrical / Comm (TRL-4)

* Design Tools (TRL-5)

* Health Management for Quick Turn (TRL-5)

Autonomous flight control demo [Rocket-back Man TRL-6]

HCB Brassboard $264M

Upper stage sep characteristics data [Not in Current Plan]

RBD at SLV size moves
all technologies to TRL 6

Risk Reduction for operational system [Partial]

Demos: Integrated Guidance & Control, Main Structure, & Rocket-back Flight

Distribution A — Approved for Public Release. Distribution Unlimited. N 34
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\/ The Missing Link

 X-Planes

— To validate technology
— To validate operability/ CONOPS
— To validate cost and system models

Pathfinder is First Step Down Path of
Affordable Space Access & High Speed Flight

\ = nl_

Distribution A — Approved for Public Release. Distribution Unlimited.
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AFRL Vision...

A 215t Century of
Diverse, Routine, Reliable & Affordable Space Access!

] ALY 4 BT N e

T
F |
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\/’ Reusable Access to Space
°“$ Driving Functions

* Challenges
— Escalating spacelift mission cost

— Lack of a modular, multi-mission
spacelift architecture

— Insufficient responsiveness
limiting space options

* Solution Concept: Vertical Take-off,
Horizontal Landing (VTHL), Reusable —

.’

Booster System Stagingat e~
: : ~150k feet, o ——
* Benefits to Warfighter: Mach 3_5_/7:_,’ \\
— > 50-66% cost reduction for /
launch on schedule Rocketback or
Glideback lowers \
— 2-8 hr callup thermal_ protectiy -
\ requirements

— 24-48 hour turn around from call
up to launch

— 90% weather availability for

demand

Distribution A — Approved for Public Release. Distribution Unlimited. 37



Supporting Studies / Reports

0@Aﬁs—-------llll

business cases

Document il SR Creees / Le'?‘d'”g Focus Findings
Date Organization
Hybrid-based architectures best choice based on 20-
year LCC and relative risk. Advantages:
1 April ORS in context of all |+ Potential launch cost reduction of a factor of three,
ORS Ao0A 2005 AFSPC launch requirements |or better, below present systems
» Predicted 2-4 day turnaround minimizes fleet sizes
» Use of state-of-the-art technologies resulted in low
development cost and technical risk
Responsive Access to
Space Technology 2003 AFRL
Vector 1 Study 2005 USECAF
Future Launch Study (US 25 March | Aerospace for
Launch Systems: History 2006 SMC
and Future Plans)
) *Status quo not viable
Future Launch Vehicles AF Scientific | Options to mitigate |*Develop new LOX/HC staged combustion cycle
Study (The Future of 24 June , o 5 . L
L . Advisory Board perfect storm” of | engine as atop priority
aunch Vehicle Systems 2010 | h bl . A
for the USAF) (AFSAB) aunch problems  [*RBS-type launcher offers operational flexibility,
but analysis and demonstrations needed
Spacelift Development 2010 SMC Future spacelift in all Selection of RBS as preferred net-gen option
Plan weight classes
) Phaseout of EELV for RBS will cut costs 50% or
Spacelift Total Cost of 8 July aEHSII_)\//ZZIELeugsr::)EIES more. Lowest LCC comes with accelerated
Ownership (TCO) 2011 SMC/LR & XP Booster System (RBS) switch from EELV to RBS: Lowest NRE is

developing RBS with a commercial partner.

Continued EELV is the most expensive option.

HQ AFSPC/A5R

38
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