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1. Introduction

Igor Pasternak established a volunteer airship design bureau at Lviv

Polytechnic University in Ukraine in 1981. His firm, Aeros, became
one of the first private aerospace

F ACISS companies permitted under Mikhail

Gorbachev’s Perestroika reforms in 1986.

In 1994, he relocated to the U.S. and established Worldwide Aeros

Corp. (Aeros) in Montebello, CA with the goal of becoming a major

manufacturer of lighter-than-air (LTA) craft in the U.S. The Aeros

website is here: http://aeroscraft.com

Aeros was awarded two Small Business Innovation Research (SBIR)
contracts with the U.S. Department of Defense (DoD) in 2003 and
2006 for Phase | studies to prepare preliminary designs for uncrewed
stratospheric airships capable of long-duration flights. The 2003
contract was for a High Altitude Airship (HAA) for the Missile Defense
Agency (MDA). The 2006 contract was for a Global Rapid
Redeployable (G2R) stratospheric airship for the U.S Air Force
(USAF). Both of these Aeros design concepts are addressed in this
article. Neither airship was produced.

(L) Aeros’ 2003 HAA concept, (R) Aeros’ 2006 G2R concept.
Source, both graphics: Aeros

Airships operating in the stratosphere must be designed to handle a
range of very challenging environmental conditions not encountered
by airships designed for low and mid-altitude operations.
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Overview of environmental challenges in the stratosphere

¢ Very low temperatures: The ambient air is very cold, averaging -55° Celsius
(-67° F); exposed surfaces can drop to almost -80° Celsius (-112° F) at night
due to radiative cooling to the dark sky.

e Low air pressure and density: This is a function of altitude, but typically is in
the range of 3 — 7% of sea level conditions.

e Less heat transfer by convection: Convective heat transfer is reduced by
low air density. Radiative heat transfer becomes more important for thermal
management (gas envelope and equipment cooling).

¢ High solar irradiation: 25 to 37% higher than at sea level. This complicates
thermal management of the large gas envelope, but is good for photovoltaic
power generation.

¢ High ultraviolet (UV) radiation: At high altitude, there is little atmospheric
screening of UV, which can deteriorate the gas envelope and other materials.

e High ozone concentration: The airship is operating in the “ozone layer”,
formed by 180-240 nm (nanometer) ultraviolet interactions with oxygen.
Ozone can deteriorate the gas envelope and other materials.

o Possible electrical arcing: This is more likely in the low density atmosphere,
potentially damaging electrical equipment.

o Possible lightning activity: From cloud tops, including blue jets.

Mesosphere

- Troposphere

The stratospheric environment. Source: Aeros
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2. Aeros’ long-dwell, solar-powered High-Altitude Airship (HAA)

The former DoD Ballistic Missile Defense Organization
(BMDO) was reorganized in 2002 and renamed

the Missile Defense Agency (MDA). In October 2002,
the MDA conducted an Industry Day Briefing of their
High Altitude Airship (HAA) Program objectives for
developing a stratospheric airship with the following attributes:

e Minimum payload capacity: 4,000 Ibs (1,814 kg)
e Minimum (continuous) power to the payload: 15 kW
e Autonomously sustain station-keeping for one continuous
month in the Continental U.S. during any part of the year within
the following parameters:
o CEP (circular error probable) lateral excursions: Nominal
2 km (1.2 miles), with a maximum 100 km (62.1 miles) 3-
sigma excursion (99.7% of all excursions will be less than
this value) during high-wind events
o Cruise operating altitude: Nominal 70,000 ft (21,336 m)
MSL (above mean sea level)
o Airship stability and control parameters consistent with
communications, EO/IR (electro-optical / infrared), and
radar operating limitations

Aeros submitted a proposal in response to these requirements and, in
2003, was awarded a $69,849 one-year DoD Phase | SBIR contract
with the MDA, with the following scope of work:

“Worldwide Aeros Corp. will utilize the SBIR Phase | funding to
complete a preliminary design for a reusable, low cost, high
altitude (up to 80,000 feet) unmanned airship sensor platform
with a long operational life cycle based on Aeros' established
airship technologies. The Phase | preliminary design will
demonstrate that COTS airship components and technology
can be utilized to develop a cost effective platform
contemplated for Phase |l development with a manufacturing
cost not exceeding $1,900,000.

The (Phase | preliminary design) proposal will identify suitable
sensor payloads that can be integrated to the platform to fulfill
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the MDA's primary mission objectives of observing and
recording boost phase ballistic missile launches. Such missions
will further the understanding of boost phase launches,
enabling the design of detection and intercept methods that will
directly contribute to the defense of the United States, its troops
and allies. Phase | will be accomplished in house, utilizing
design tools and tests that have been proven through Aeros'
previous projects including the FAA certification of its Aeros
40B airship, and prototype stratospheric airship production.

The Phase Il prototype platform will demonstrate the
performance and mission operational expectancy of the airship.
Aeros has the facilities, equipment and human resources to
accomplish the development with the highest degree of
confidence for success at meeting MDA's mandate for this
SBIR program.

Beyond the immediate benefits of boost phase missile
observance, it is anticipated that the unmanned sensor platform
will have implication in other areas of military and para-military
services. Any application that calls for high altitude, over the
horizon surveillance will be an applicable candidate for the
unmanned sensor platform. The platform payload will be
versatile enough to allow it to carry communication,
reconnaissance mission equipment, or air monitoring packages
that could give an early warning against chemical, nuclear and
biological releases by an enemy; as well as any other payloads
in the weight range. The future civilian and non-military
government markets can be exploited as the platform is proven
and the FAA sets the rules that will govern future UAVs.”

Aero’s HAA preliminary design was a 240 ft (73.2 m) non-rigid, solar-
powered, “long dwell” airship with six large tail fins and propelled by
two ducted propellers near the bow, cantilevered on short “stub wing”
pylons plus one stern-mounted propeller.

This project did not proceed beyond the SBIR Phase | contract.

Modern Airships 4



General arrangement of the Aeros solar-powered HAA (Long Dwell Airship), circa 2003. Source: Aeros
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Stern view of the Aeros HAA. Note the bow-mounted ducted propellers and
the single tail-mounted propeller. Also note the stern hull reinforcement
battens and the cable bracings between each pair of tail fins.

Bow view of a model of the Aeros HAA clearlyr showing the
Placement of the ducted propellers. Source, both graphics: Aeros.
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General characteristics of the Aeros HAA (Long Dwell Airship)

Parameter Aeros HAA (Long Dwell Airship), circa 2003

Type Non-rigid

Length 240 ft (73.2 m)

Diameter, max 64.26 ft (19.6 m)

Volume About 500,000 ft* (14,158 m3)

Payload capacity | At least 4,000 Ib (1,814 kg, per MDA spec.)

Power source e Hybrid solar-electric, PV array on top half of hull, 125 ft.

(38.1 m) long, total area about 12,000 ft? (1,115 m?)
e Payload power at least 15 kW (per MDA spec.)

Propulsion e 2 x bow-mounted, electric motor-driven ducted
propellers
e 1 x stern-mounted, electric motor-driven propeller
Aerodynamic e 2 x pylon “stub wings” supporting the bow propellers
surfaces e 6 x stabilizing tail fins, at 60° intervals, cable braced
Operating altitude | ¢ Nominal 70,000 feet (21,336 m / 13.3 miles
e Up to 80,000 feet (24,384 m / 15.2 miles, per MDA

spec.)

Station-keeping Nominal 2 km (1.2 miles)
e Maximum 100 km (62.1 miles) 3-sigma excursion
(99.7% of all excursions will be less than this value)

during high-wind events

Mission duration Up to one month (per MDA spec.)
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3. Global Rapid Redeployable (G2R) stratospheric airship

In 2006, Aeros proposed a novel, unmanned, non-rigid, stratospheric
airship design concept known as the Global Rapid Redeployable
(G2R) stratospheric airship. Development of the Aeros G2R design
concept was influenced by the U.S. Army Missile Defense Agency’s
(MDA) 2002 objectives for a High Altitude Airship (HAA), which
established the U.S. military’s need for persistent surveillance
airships capable of carrying large ISR (Intelligence, Surveillance,
Reconnaissance) payloads on long-duration station keeping
missions.

On 20 June 2006, Aeros was awarded a $99,468 one-year DoD SBIR
Phase | contract with the Air Force, with the following scope of work:

“The Worldwide AEROS Corp. G2R proposal shows a
development roadmap that will identify, develop and validate an
innovative structural technology for Near Space Platforms. The
proposed technology roadmap identifies the advantages of the
design and presents evidence for the alleviation of present
limitations of near-space platforms including; hangar
requirements, ground handling, ascent and descent, and transit
times to station. With the development of the proposed
technology the near-space platform will be capable of global
deployment with short turn-around times to re-launch.”

This project did not proceed beyond the SBIR Phase | contract.

G2R basic design features

The G2R was a design concept for a two-component airship in which
the first component was based on an existing Aeros product, the non-
rigid 40D Sky Dragon blimp. While the first component of the G2R
may have looked like an Aeros 40D, it would have been modified for
the stratospheric environment, which is much more challenging to
airship materials and systems than the relatively benign environment
in the lower altitude range where commercial Aeros 40D airships
operate. A basic Aeros 40D has a length of 152 ft (42.6 m), an
envelope volume of 100,032 ft* (2,832 m?), and can carry a single
pilot and a payload of up to 1,000 Ib (454 kg).
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The 1st component of the G2R was based on an Aeros 40D Sky Dragon blimp.

The second component of the G2R was a lightweight “super
envelope” that was attached to the top of the Aeros 40D to provide
the expansion space needed for the helium lift gas to carry the airship
to its operating altitude of 65,000 ft (12.3 miles / 19.8 km), where
ambient air density is only 7% of the air density at sea level. During
launch and recovery at sea level, the G2R would look similar to a
commercial Aeros 40D blimp. At operating altitude, the super
envelope would be fully expanded and the two component airship
would have grown to a length of about 335 ft (102 m). This
transformation is evident in the following Aeros diagrams.

Configuration at Altitude
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Configuration at Launch & Recovery
Source, both graphics: Aeros
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General characteristics of the Aeros G2R airship

Parameter Aeros G2R airship, circa 2008
Type Non-rigid, two component
Length e 15t component: about 152 ft (42.6 m)

e 2" component: about 335 ft (102 m)

Payload capacity

1,000 kg (2,205 Ib)

Power source

Hybrid solar photovoltaic with fuel cells / batteries for 24/7
power, except at extreme latitudes

Propulsion

2 x gondola-mounted, electric motor-driven propellers
optimized for operation in low density air and low speed

Aerodynamic

e 15t component: 2 x inverted-Vee tail fins

surfaces e 2" component: 6 x stabilizing tail fins, at 60° intervals,
cable braced
Speed 30 knots cruise, 47 knots maximum

Operating altitude

65,000 ft (19,812 m / 12.3 miles)

Mission duration

21 days on station

Deployment &
Re-Deployment

4 to 6 hours
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G2R operational capabilities

The G2R was designed for hangar-less operations around the world,
with rapid initial deployment and short turn-around times for re-launch
(4 to 6 hours). It was designed to operate in-theater with limited
ground crew / logistics support.

Fully-inflated G2R profile (above) & bow quarter view (below).
Source, both graphics: Aeros
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4. For more information

e “Low Cost, High Altitude, Unmanned Sensor Platform,” SBIR-
STTR contract number: HQ00603C0144, 2003:
https://www.sbir.gov/awards/124581

e “Global Rapid Redeployable Stratospheric Airship (G2R),”
SBIR-STTR contract number: FA8650-06-M-3646, 20 June
2006: https://www.sbir.gov/awards/124582

e Fred Edworthy, “Worldwide Aeros Corp. Montebello, California,”
presentation at Airships: A New Horizon for Science, 30 April to
3 May 2013:
https://Kiss.caltech.edu/workshops/airships/presentations/edwor

thy.pdf

Other Modern Airships articles

e Modern Airships - Part 1. https://lynceans.org/all-
posts/modern-airships-part-1/

o Aeros 40 Sky Dragon blimp
o Japan’s Stratospheric Platform (SPF)
o Lockheed Martin - HALE D

O

Lockheed Martin - High Altitude Airship (HAA)

e Modern Airships - Part 2. https://lynceans.org/all-
posts/modern-airships-part-2/

©)
©)

©)
©)
©)

Advanced Technologies Group (ATG) - StratSat

Atlas LTA Advanced Technology, Ltd. - Propulsion
Assisted High Altitude Platform (PAHAP)

ESA / Lindstrand - High-Altitude Long-Endurance (HALE)
aerostatic craft

Sceye Inc. — stratospheric airship

Stratosyst s.r.o. - Skyrider

Thales Alenia Space — Stratobus

e Modern Airships - Part 3. https://lynceans.org/all-
posts/modern-airships-part-3/
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