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1. Identify and assess state of the art of critical technologies, design processes and
test capabilities for hypersonic vehicles
2. Gather available hypersonic technology and system development roadmaps from
NASA, DoD and international organizations
3. Develop comprehensive roadmap for maturing critical technologies(to levels
required for flight demonstration TRL=6 & Proto type operation TRL=7)
4 . Develop actionable recommendations
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1. Propulsion
2. Thermal environment prediction, protection & management
3. ]Integral airframe structures & cryogenic tanks
4 . Vehicle design, optimization and simulation
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Structures and Malerials

¥ Integral Metallic Cryotank .........ccccoe. mL L& ausimm
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Other Technologies Requiring Maturation

Technology TRL Status / Readiness Projection

AErodynamics o Analysis & lest methods mature, but vahdabon remains
difficull al hypervelocity speeds [Mach = 8)

“ehicle Control System 5 Closed-loop engine-airframe conirol systems being
developed for X-438, X430, HyFly and Waverider SED

futonamous Flight 5 Leverage ongoing autonomous ainspace vehicle R&D
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Craw Syslems

vehicke Hesalth BMagmt, 4

ArlennasiSensor Windaows 4

Manufaciuring 3-4
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Hypersonic Air-Breathing Propulsion 4
TRL Assessment”

Nnzh 3 - 8 Turhi=e Epzh 3 -T Nech -7 Erzh 7 - 14
Hydrnzaron Wydracarson Hyiragen Fyriragan
[ X 5k E
Eg 5E (2]
A A 53 1] g2
[ H LE ]
&5 [TME] [T )
4 pochuding Al & TS E] E]
5 ity | r3 (-] 3
[ ] g 4
4 |riorre & oomboslor) == Bl >
dinh 1 3 3
Abn ]
[ [}
L] E
4 4-= E
dind P LeiC] P&

Holen: llareg. o paron ¥ os 5 oo P egquinerroms Tor @ TBCE sysos
B = s rburrsr

TRAS = e sl = anageee syalemn

® Inputs ram Chick MeCinien — NASA Langley, Raber Mertier - AFRL, Faul Bamaioda — NASA Glenn, Frea Bilkg -
Pyrodyne (JELUAPL rebired), Hl Imfeld = 850 mired, Allen Soldman and [Eeome (Yoonnoe - Hoedng Hockeldyne, Slews
Beckel - Praz & Wikilney, and Kevin Bowout - Boeing

Required Maturation Investment is a Strong Function of
Technology Category

High §
b
[TETEEEINGT
Ta= s
CTEEgE
=
3
Q
=
Low s

High TRL ~ Low TRL

RN D BLRGEGR, M2 E X T, SRORBICA IR EHZED D & |

Propulsion :



BT /it DoD 7' 1 77 A (HyTech. HyFly, SED) (& Hydrocarbon = >3 >
BRI U H U A 7 K& R+ 6 o, £72. NASP, X-43A | Hydrogen T« >
VUBREDO —EDOEREZRA TN, v v 8L EDOT UV UBRICIIL S OR
MEHBENZDEEICR> TS, BIL, Bbigs, = P MRe, BWmANE
DT —HR—=ANRELTEY, Vehicle 3% FHTIIAR+4r, BEA O EFBRER i
DHES) T > P B A R, BIfED Actively cooled engine flowpaths ¢ i &
W TIEFHT 78 A~OEH RN #, MR~ — 3 V&2 AHEICT D
T Y robustness & PEREIIARTEEZEMR I AL TR, BUEORER - FHE S 1TV
570 7T MUTFH~DOT 7 & & Vehicle & AIREIZ T 2 FED KA,

fE# Propulsion £AVERIE, 43 L & RATHEBROLEI NS 27 T LY
>~ Transition, ATEMERERFAM I FAA TRER DS A AR,

A7 Z KPS ORI EE 5 3 Combined Cycle:TBCC (—~ v N6 &) T
VRS - BVEEL HE, HREDOT A N—ANRAT4H5TEY . £ < OFSER
FOHHE & 2D,

NASA/USAF D4 — ' w2 U BlFE 2 Al U il 5 s = o 2 > DR R
\ZA 7 7 L— b (+dual-mode ram/scram) 3 % 5573 logical follow-on,

TBCC . v v/ 5— 6 FREEIZFRAE L 7= Vehicle [Z13% D EEMRRIZIK - Tk
4% —7R /Dual-mode Ram & @ k L' — KA 7 DOXRIZ/R D,

FriZ, HyTASP ZEXTORFIX =y 8Ll Lo EdH#ilE S X7 A DB,
H ERRERER I O = A, BRI BB E BN O BRI R TEY, 728
¥ora 77 ML VRSN D TRITRERGHEIZ K U | engine scale factor 7Tl & &
HIZT Y UVERE, robustness, 3 HIMEOFEAM EFED A IR T D, |

Thermal Environment Prediction, Protection & Management :
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Integrated Airframe Structure and Cryogenic Tanks :
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Vehicle Design System :
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Formulate, develop, integrate and validate advanced design

methods:

- Parametric geometry generation system
- Automation of data transfer between analysis tools

- Automated execution of high fidelity computational analyses

- Multi-disciplinary design optimization techniques
- Probabilistic tools enabling SoS level risk assessment & mitigation
- Accurate cost modeling

- Integration of vehicle design/optimization and operations/mission
simulation tools
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Hypersonic Technology Development Roadmap
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NASA Hyper-X

Mach 10 Global Striker



1st Stage
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Boeing TSTO Baseline Concept

LEA Flight Test Program LEA
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& flight tests
iMach 4, &, B
(2009-2012)

Preciae evaluation of aero-propulsive balance
On-ground development methodology

LEA Program



