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What is a HIAD?

A Hypersonic Inflatable
Aerodynamic Decelerator (HIAD) is
a deployable aeroshell consisting of
an Inflatable Structure (IS) that
maintains shape during atmospheric
flight, and a Flexible Thermal
Protection System (F-TPS) employed
to protect the entry vehicle through

hypersonic atmospheric entry.




Background: Why a HIAD?

Launch Vehicle Fairing Constraints

¢ Entry mass at Mars (and other
destinations with atmospheres) is limited
by launch vehicle shroud size.

¢ At Mars, increased capability needed for
higher mass and/or higher altitude,
eventual human missions.

¢ Inflatable technologies allow larger
aeroshell to be stowed inside launch
shroud.

v/ Inflation of Inflatable Structure (IS) occurs
prior to atmospheric entry.

v’ Flexible Thermal Protection System (F-TPS)
protects IS and payload from entry
environments.

¢ NASA LaRC has been developing
Inflatable Aeroshell technology for over 10
years.
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HIAD Technology Development Cadence

¢ Systematic and stepwise technology advancement

v’ Ground Test: Project to Advance Inflatable Decelerators for
Atmospheric Entry (PAI-DAE)—Softgoods technology
breakthrough

\/Flight Test: Inflatable Reentry Vehicle Experiment (IRVE),
2007: LV anomaly—no experiment

\/Flight Test: IRVE-Il, 2009—IRVE “build-to-print” re-flight; first
successful HIAD flight
Ground Test: HIAD Project improving structural and thermal

system performance (Gen-1 & Gen-2)—Extensive work on
entire aeroshell assembly

v  Flight Test: IRVE-3, 2012—Improved (Gen-1) 3m IS & F-
TPS, higher energy reentry; first controlled lift entry

¢ Next Steps

= Ground Effort: Gen-3 F-TPS, advanced structures, packing,
manufacturability at scale >10m, controllability, and
demonstrated staging to secondary decelerator. Prepares for
large-scale flight test and readiness for Mars mission.

= Flight Test Possibilities: United Launch Alliance (ULA) flight
test and/or booster recovery at scale and environments
relevant to Mars Human EDL Pathfinder.




AD Ground-Based Development To Date
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Aeroshell Release
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THOR: The One That Got Away...

Stage 2
Burnout

Terrestrial HIAD Orbital Reentry

Hypersonic Inflatable Aerodynamic Decelerator (HIAD)

De-orbit
Burn Jettison

. fn Orbit

THOR Mission Highlights

THOR Release
from Launch Vehicle

Ignition s

- Orbital velocity reentry flight demonstration
of advanced inflatable aeroshell

- Validates structural and thermal performance

National Aeronautics and
Space Administration

Jettison

Restraint —=—~
Cover Inflation

(T=17m:6s)
}:—

——

Fairing
Separation
(T=5m:24sec)

Stage 1 Separation
(T=3m:59sec)

Antares La

Stowed

capability against mission relevant flight loads

- Launches from the Wallops Flight Facility as a secondary

payload on an Orbital Sciences Corporation Antares flight
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Potential HIAD Mission Infusion

¢ Robotic missions to any destination
with an atmosphere (including sample
return to Earth)

¢ High mass delivery to high altitudes at
Mars (including humans to Mars)

& Lower cost access to space through
launch vehicle asset recovery (for
example, ULA’s booster module)

¢ ISS down mass (without Shuttle, the a
U.S. has no large-scale down mass
capability)




Evolvable Mars Campaign — Capability & Mission Extensibility #g I
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ULA’S Planned Utilization of a HIAD
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Development Path for 2024 Mars Demo, Utilizing ULA
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Full-Scale Capability Pathfinder

Launch

EDL Architecture Study _

IRVE-3 I
QHIAD Gen-1 complete

“HIAD-2” (ground-based) Project Gen-2 & Gen-3 15m-class
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HIAD %-Scale Orbital Flight Test ~ Gen-2 6m-class @
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Earth flight test
IRVE-S Sounding Rocket Flight Test Cascade Decelerator@ s 8
HIAD Full-Scale Orbital Flight Test Gen-2/3 12m-class Q

ULA Infusion
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HIAD Similitude

%-Scale Demo Full-Scale ULA Booster Mars 2024

Centaur Recovery EDL
Recovery Pathfinder
Scale 5-6m 10-12m 10-12m 10-12m
TPS SiC SiC SiC SiC
5X carbon felt 3X carbon felt 3X carbon felt 5X carbon felt
Pyrogel Pyrogel Pyrogel Pyrogel
Parafoil & X X

Recover of Device(s)

Cascade Decelerator X X

Similar ConOps X X X X
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