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Motivation for HIAD

and limits accessible ﬁ\ MSL HEART

Science payload size andsite | | Jon0n  ssmba
hited by Viking EDL architecture 125kg/m? 40 kg/m?
. ell size limited by Launch Vehicle fairing ‘
, proved payload access : |
* After inflation, HIADs behave like.a rigid device Comparable
— Aerodynamics are scalable ‘,;;—;\- - Entry
—HIADs are lighter — increasing deliy sf;d payload ' Masses

” Lower ballistic coefficient fro creased drag
- area allows higher altitude deceleration
(aerocapture or entry) leading to reduced heat
_rates, access to higher surface elevations, &
mcrease in landed mass timeline margin

. C,rewed EDL at Mars can benefit from
reductlons in ballistic coefficient

= 5 ﬁ‘;

15m / .
B HIAD
Higher altitude over landing SN )

site enables pinpoint landing, [
more timeline margin N
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Vision for HIAD Mission Infusion

System - 6-25 meter HIAD Class
Demonstration -
‘ Robotic Missions
3 “ P . (entry or aerocapture):
. Y — Mars
4 ﬁﬁ. 2 - Vgnus
s —Titan

— Neptune (and
other gas giants)

‘ , 1/{;7{.7 i ‘ }\ High-Energy Robotic or Crewed
X Earth Return

.. Atmospheric ; J
_Inflatable Structures IRVE-3 & 4 @Reentry Test § ’ (entry or aerocapture):

3 =¥ — LEO (including ISS)

o | — €4  _GEO, NEO, Lunar
Development and -~ Sub-orbital flight tests Flighttest to
_ ground testing of  on a cost-effective test demonstrate system
HIAD components.  platform (heating, lift, performance at DoD Applications
maneuverability). relevant scales and
environments.
S R Technology
P ‘?RrOposed initial GCT Potential on-ramps for Development & Risk
~ Investment spans these future investments. _ . Reductlgn .for Human
elements - Mars Missions

- www.nasa.gov P , o 4
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HIAD Organization Structure

Steering Group HIAD Project
(ED, ESOD, FPD)

PM: Mary Beth Wusk

Business PI: Neil Cheatwood
Team ' CE: Steve Hughes

"

=

. IRVE-3 Flight Project
Advanced Entry Concepts Flexible Systems Development

. " PM: Jonathan Cruz
Deputy PIl: Anthony Calomino DPM: Barmac Taleghani

PM: Monica Hughes CE: Robert Dillman

Mission Applications : Flexible TPS ;
Lead: Joe Del Corso
Next Gen Subsystems
IRVE-4 Study
Lead: Daniel Litton

Deputy PIl: Henry Wright

Inflatable Structures
Lead: Keith Johnson

Subject Matter Experts

Jim Arnold (ARC) - TPS
Deepak Bose (ARC) — entry heating
Chris Cerimele (JSC) — G&C

Mike Lindell (LaRC) — structures
Rob Manning (JPL) — entry systems
Mark Schoenenberger (LaRC) — aero

High-Energy Atmospheric
Reentry Test

Lead: Henry Wright
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FSD Flexible TPS

'Panel Test Facility
JSC Test Position 2
- Boelng Large Core Arc Tunnel
« Materials Testing and Characterlzatlon

— Age Testing o
— Surface Catalycity (; »‘
* Physics Based Modeling ‘*\:

— Radiative Characterization
— Pyrolysis Characterization
— Analytical Model Development
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Flexible TPS Development

/ .,_r'I'_amlnate
Deve pmental Materials
&> SiC Fabric
» Polyimide Aerogel
Testing Approach _:-\
» Develop techniques for testing in canﬁi?:tate facilities
» Mounting Configuration o
~  » Coupon Size
_» Aerothermal environments achievable
> Age tested éamples
‘Testing Products
» Performance data to validate modeling efforts
- » IRVE-3 TPS & Instrumentation Qualification
> TPS Feature Testing
e Relatlve performance of materials in different
f’acmtles
> Relative performance of developmental materials to
~ baseline materials "
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Mission Profiles/Facility Envelopes

BoemggLCAT — — HEART Traj

= = |RVE-4 Traj
- = |RVE-3 Traj
IRVE Il Traj
HEART
IRVE-4
IRVE 3 IRVE-3
Test Point IRVE Il
HEART Max P
IRVE-4 Max P
IRVE-3 max P
A IRUE*” MEIJE P
f HEART Test
IRVE-4 Test
IRVE-3 Test
i, | L _ | IRVE-Il Test
! & o —— LCAT
| IRVE-I] . - — PTF14%14
ﬁhgpﬁmt e B e &' HTT

-

o HEART
s Test Point

~ > IRVE-4 '
e TTest Point / 8

SOCepBOSr RO

-
-
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FTPS Test Facilities

A}

% |

s B Semi Elliptic T
- “Nozzle . g
| B R
Test Samples Direction " \
N

__ Laser Hardened
- Materials Exposure

Test samples
e g

Py Lab
-1

. Laser Be.
»
| A
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FTPS Test Facilities (Cont)
4 R ——

20in Square Sample

Flow Direction

Threaded Rod
Assembly To Mount
to Test Fixture

- Oxygen Free
M — Copper Sample
Plate Assembly

e e

4in by 6in
Sample L ( '
Location i - \ Sample Tensioning

Spring Stack

~ Boeing Large Core Arc Tunnel 8ft HTT Large 2ft Sample Holder

- o 7 ,
-~ Lo - F
L A . IRVE-3 Nose
- ” -3
/ o Assembly
: B AGHe -
Rliessuie Tap
| Asesinbly \
27 Z ~
7 2
P;,:" 20 Biamste:

) i A d Teot Facility Skirt
A i o

- S
& e

- 8ft HTT Large 4in by 6in Sample Holder
~_ JSC Test Position 2 TS T
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FSD Inflatable Structure

-Moc aITestlng
"+ Materials Strength Testing

— Strap Load Testing
« Room Temperature iy
» Elevated Temperature

— Fabric Biaxial Load Testing (‘ '"
— Tension Torsion Testing Inflated Tubes
— Higher temperature capable candidate materials

.

11
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LSA Testing

HEART concept

ure derived from IRVE-3

: f}’ﬁ&bérammetry

> Pressure Taps

> 3m IRVE-3 EDU

> IRVE-3 EDU Centerbody interface e
> Aerodynamic Skin | ;_z: . J‘/\/\ s : /{\r\
%N o SRt
~Testing Approach ) '5% | © e
A ‘Matrix of Dynamic Pressure, Internal Press and
~Angle of attack
Testing Products o
> Large scale construction Demonstration 722
~» LS-DYNA Model validated with photogrammetry ... .. (\f - \
> CFD validated with photogrammetry and pressure A\ :
data e NN
> Centerbody to Inflatable Structure interface stiffness o
> Instrumentation Pathfinder 7/ >
“__..-rr.‘a, : ; | / \ | {d
& o 1 :
: o5 - 12
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MST - Strap Testing Configurations

S

F L_gage =18" —20”

ASTM D6775
Sedam grips

y TEST 2:

Frame Stitch Strength Testing

RT, 150C, 300C
Strap Width: 1.75” (4K UTS)
Total Strap Length (per test): 31”

F

F/2 V F/2.

<«

i

F
' L_pin-to-pin = 20”

7

center = 12"

I
ik L stitch=3"
il

L_pin-to-stitch = 1”

F Pin Diameter = 3/8”
I/F with Clevis & Load Frame

Lap Stitch Strength Testing

RT, 150C, 300C

Strap Widths: 1.75” (4K UTS) & 2”7 (2K UTS)

F/2

F/2

Ff2

Total Strap Length (per test): 35”

F/2

F/2 L_pin-to-pin = 15”

Q
EE L stitch = 3”

0

L_pin-to-stitch = 6”

Pin Diameter = 3/8”
F I/F with Clevis & Load Frame
(use same grips from Test 2)
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NextGen Subsystems: Plans Forwarc

y e —
G&C

> Two lift knobs (direction & magnitude)

NextGen structures

; » Rib and stringer
e Sharper shoulders, ellipsoidal noses, > Rigidizable
hyperboloids
v Asymmetic shapes ——
v’ Gnoffo ideas : "::3 ‘
v Pre-stressed shapes (flex under load to
desired shape)

» Radial boom behind stacked torroids

'; Inflation systems

N

Alternate test methods for large ‘Staged aeroshells _ |
articles » Dual use bladders with two single-use

~» Balloon drop of >8m at subsonic TPS

> Balloon drop rocket-assist of >8m » Drop TPS after g-pulse for supersonic

% ; » Deploy additional area after g-pulse
> Ad d lab testin
e yance ¥ K » Drop outer torroids (bladder and TPS)

after aerocapture before 2nd entry

14
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Mission Applications: Plans Forward

» Mission Applications e

A
i b

> |ISS downmass (GO

> LV booster recovery K‘i ‘
» Earth return of humans from LEO, "I':_'O, lunar, NEO, etc.
» Sample return from Mars, comets, etc.

> Robotic entry at Mars, Venus, Titan, gas giants
> HUman-scaIe entry at Mars P

15
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Progression of HIAD Development Flights

Dynamic Pressure (Pa)

IRVE-2 Heating
IRVE-3 Heating
IRVE-4 Heating
HEART Heating

IRVE-2 Dynamic Pressure
IRVE-3 Dynamic Pressure
IRVE-4 Dynamic Pressure
HEART Dynamic Pressure

Time (sec)

Heat Flux (W/cm2)
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First Fully Successful

Reentry HIAD Flight Demo

IRVE-II (Inflatable Reentry Vehicle Experiment) Mission Mission Objectives Achieved:
Developing Cutting Edge Technology for Atmospheric Reentry v Demonstrated inflation and survival

v Verified predicted thermal and drag
performance

v" Collected data and validated design
and performance predictions

Deployment

I /’f i)

— Inflation -
Benefits of Inflatables vs.

Rigid Reentry Shells:
. » Miora uzabls volume in exigting shroud space
Instrumentation: « Increased payload mass to the planst surfacs for
» Thermocoupiss 1o messurs hastehisld performance given ast of resntry conditions
+ Pressurs transducsrs to measurs inflation syatem performancs = Access to payload in the launch vehicls
» Accalaromstara, Salar Aspsct Ssngors, Magnetomstar, Rats Seneors once configurad for launch
far trajectory reconatruction + Payload systems available for use
» Thermigtora for eyatem health monitoring Y during interplanetary cruize phese

W .. F-
/ Reentry Vehicle W= '““
Deacription: ==l
Mase 126kg !y
Stowed Diamster, 0.4m

Length 1.5m
| Dsploysd Diamster 3.0m 8

=

Ascent

!
-h’— —
# — i

e
Fight Experiment Concluded
40km, ~7 3 min

Black Brant-iX
from Wallops Island

Final Descent < /
Splashdown mf =18 min .

B

Launch d WWW.Nasa.gov
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IRVE-3 Mission Concept

’ Aeroshell Inflation j ’

375s, 454.6km (200s duration)

Actuate CG offset system
575s, 269km (1s duration)

ACS Reorientation

Eject Nose Cone 576s, 267km (60s duration)

90s, 129km
. Atmospheric Interface, 25Pa (659s, 86km).
Separate RV & Nose Cone “n RV Peak Heat Rate 17.3W/cm?
From Brant & Transition \ ‘ 673s, 49km, Mach 7 (peak Mach 10.2)
80s, 120.3km e’
i RV Peak Dynamic Pressure 4668Pa
678s, 41km, 19.4g’s
l Reentry Experiment Complete at
{ Mach < 0.7 (706s, 37km)
J Launch on Black Brant-XI
; from WFF
7501b payload El 84 deg

RV splashdown at 27m/s
439km downrange (1207s)

18
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IRVE-3 Design Overview

fla(able aeroshell with flexm |on forward surface

ouses inflation system, CG offset mechanism, telemetry
)ower system (batteries), ACS, cameras

atable aeroshell stows inside 22” diameter nose cone for launch

» Restraint cover holds aeroshell in place; pyrotechnic release in flight
Inflation system fills aeroshell from 3000 psi Nitrogen tank

Attitude control system uses cold Argon thrusters to reorient for entry
CG Offset mechanism allows evaluation of inflatable aeroshell L/D

» Target RV mass 269’&9_\
TPS Layup F:;% Deployed (3m diam)
Z ; 2:: ﬁzsg (i\? i ﬁ ;:_K—Cameras & Ballast
' '| 1 mil Kapton e

- ‘ o ST TM & Power
e, : 1" il P | G g
‘ .L i 110 !l Pyrogel 3359 o / CG Offset System

. , Wl
' 118 mil Pyrogel 3350 ' | /Inflatlon System
» I 20 mil Nextel 440 BF-20 (7/"’ . g o
20 mil Nextel 440 BF-20 [SS. 4 o ¥

S
™Y
\

" Aeroheating and

Dynamic Pressure  Inflatable
A Structure

19
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HEART Reference Concept Descriptic

ts'of the HIAD Devélopmrmect to

ance and survivability of an integrated low ballistic
In a relevant environment

7 -9m dlameter HIAD (8.5 m nominal) _

- 55 ta 65 degree sphere cone — -\

g stacked torus (55 degree nominal) | 'J
— Entry —mass ~3300 — 3500 kg; Ballistic Coefficient ~45 kg/m? b

— Ballistic entry — 0 degree AocA ‘-:::;-\ — —

* Entry Environments — Initial lelits "~
— Peak heat rate — 25 to 35 \WW/cm? { #3=
— Peak dynamic pressure — 4800 Pa

« Launch, Orbit, De-orbit
— Integrated with the Orbital Sciences Corp Cygnus module { l

as part of the ISS Cargo Resupply Service

- — NASA — OSC Data Exchange SAA in Signature Loop
— Launch on Enhanced Taurus |l

= Cygnus berths with ISS — up to 90 days
— Cygnus performs all maneuvering
— Entry from LEO — 7.6 km/s

~— HIAD returns Pressurized Cargo Module

20
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HEART Concept of Operations

Cargo Module w/
berthed w/ Cygnus : HIAD (Stowed)
Cygnus o separate  Cygnus phases .
T from ISS to entry — :
P alsslt;g L deorbitburn = ... A
2affie Cargo Module w/
% HIAD (inflated)
SM separates; ' 15-20
performs 2nd 4 minutes
deorbit burn 4 Entry Mass:
._441_11_0_59[19('9 e ace i e el 1\ L. Y T ) e
’ - whr 3
_ 'fmwa[' - Baseline — water landing — Recovery
G : No Recovery R option
4 = Launch (Recovery option includes .
= = P (Secondary Payload on Cargo jaegtsupersonic drogue
% ‘ ~ Resupply Mission with OSC on parachute staging to
. £,¥ Cygnus on modified Taurus LV) subsonic main parachute(s))

<, 2,
- _




Langley Research Center

HIAD Project Infusion Strategy

B N Y O e S E—— E—

Inflatable Structures (IS) for HEART

TPS for HEART TPS for Future Capabllltles

IRVE-3 Spare

Ny & N

Inflatable Structures (IS) for Future Capabilities

NFAC Test
Stiffness vs

Load)
Next Gen

Wind Tunnel Tes
Aft Body Heatin

1
1
Launch 1
1
]

1
Flight Test =

Next Gen: Lift & Control
Methodology

Controllability Risk-Reduction Flight Test

HEART-2 2016
ontrolled Entry
Vehicle Scale,
‘ Relevant
Environments
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Summary/Next Steps

es development demonstrating robotic scale
lities with development path to larger scales

0 demonstrate IAD Technology in a relevant

*H flight test to demonstrate IAD Technology at a relevant
~ environment AND scale
« Team focused on achieving FY11/FY12 milestones
—|IRVE-3: CDR (Jun), TP2 Testin (J’gn) Complete System Test (Nov)
— HEART: Peer Review (May), g&{‘Jun SRR (Nov), PDR (Aug/Sept 2012)
—Transition to Turbulence Wind Tunnel Test' (Jun)
— Flexible TPS Testing: 8 HTT (May-Aug), LCAT (Jun)
—IDIQ release (Aug)

= Large-scale Inflatable Articles: 6-m (Sep 2011), 8.3-m (Nov 2011), NFAC Test
- (Jan/Feb 2012)
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