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1. Introduction 
 
Goodyear Aircraft Corp. became Goodyear Aerospace Corp. (GAC) 
in 1963 and, over the next 25 years, continued the company’s legacy 
of developing many different types of airships.   
 
In 1975, the National Aeronautics and Space Administration (NASA) 
initiated a study called Feasibility of Modern Airships – Phase I, and 
continued with additional Navy sponsorship for Phase II in 1976 – 77.  
Goodyear Aerospace was a contractor in both phases, focusing on 
design concepts for helicopter / airship hybrid, heavy lift airships (HLA 
Helistats).    
 
In a helistat, the aerostatic lift of a large gas envelope carries the 
empty weight of the vehicle.  Helicopter rotors (or entire helicopters) 
attached to a rigid frame beneath the gas envelope provide the 
dynamic lift to carry the weight of the payload, including cargo, crew 
and fuel. The rotor system also provides helicopter-style flight 
controls for vertical takeoff and landing (VTOL), hover and cruise.  A 
helistat can pick up and unload heavy cargo with the precision of a 
helicopter with no need for taking on or discharging ballast during the 
load exchange. 
 
After the NASA / Navy Phase II  study, Goodyear Aerospace 
continued developing their HLA Helistat design concepts for about a 
decade. 
 
2. NASA-sponsored Feasibility of Modern Airships – Phase I 

study 
 
Phase I screening analysis 
 
In Phase I, Goodyear Aerospace and Boeing Vertol Company 
performed studies of civilian roles for lighter-than-air (LTA) craft.  The 
following six categories of airships were considered in the NASA 
study: 
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• Fully buoyant, conventional 
o Rigid airships 
o Non-rigid airships 

• Partially buoyant, vertical takeoff and landing (VTOL), hybrid  
o Lifting body concepts 
o Combined / integrated concepts 

• Partially buoyant, short takeoff and landing (STOL), hybrid 
o Lifting body concepts 
o Auxiliary wing concepts 

 
Airship designs selected to represent each of the six categories were 
evaluated on three different mission profiles, short-range, 
transcontinental and intercontinental, with the airship sized for two 
different payloads, 50 and 100 tons (45.4 and 90.7 metric tons). 
 
The candidates in the partially-buoyant VTOL category of combined / 
integrated concepts were based on contemporary Piasecki helistat 
and the All-American Aerocrane designs. 
 

 
 

Source: NASA CR-137691, Vol. I (1975) 

 
The particular mission profiles are summarized in the following table. 

 

 
Source: NASA CR-137691, Vol. I (1975) 
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The Phase I initial screening led to the selection of the helistat to 
represent the category of partially-buoyant VTOL combined / 
integrated airships.  The All-American Aerocrane was considered as 
being too specialized for the broad range of missions under 
consideration and was separately funded by Navy-sponsored studies.  

 

Phase I parametric analysis and sizing study 
 
The Phase I analysis was based on a helistat configuration consisting 
of a conventional rigid airship hull attached to four of the largest 
helicopters available, the Sikorsky CH-53E Super Stallion.  As shown 
in the following diagram, the helicopters were attached in pairs via 
outriggers to the rigid airship hull.  The helicopters were retained in 
their operational configuration to the extent practical in order to 
minimize the cost of a future HLA Helistat demonstration vehicle 
based on the design. 
 

 
 

Goodyear Aerospace Phase I HLA Helistat design concept  
with rigid hull and four CH-53E helicopters.  

Source: Adapted from NASA CR-137691, Vol.1, Fig. 5-50 (1975) 
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A command pilot would fly the helistat from the aft left helicopter.  In 
addition to manual operating modes, a fly-by-wire (FBW) control 
system offered automatic flight control and hover modes, with the 
hover capability enhanced by a Precision Hover Sensor (PHS) 
system. 

 

Other HLA Helistat features described in the Phase I Final Report 
(NASA CR-137691, Volume 1) include: 
 

• Integration of the heavily loaded dynamic systems (and their 
supports) with the lightly-loaded, light-weight, space frame of 
the airship hull is a formidable engineering problem. For 
purposes of the Phase I study, the helistat was assumed to 
have a composite, geodetic, rigid airship structure.  

• Integration of the helicopter rotor (and tail rotor) thrust through 
collective and differential collective control systems, as well as 
main rotor cyclic control, can provide the lift and control as well 
as the needed propulsion capability.  

• The helicopter rotors were sized to provide a disc loading of 
11.0 lb/ft2 (54 kg/m2) and the engines driving them were sized 
to allow the vehicle to achieve the design cruise speed at 
specified weights and altitude. 

• At low speeds the rotors can provide efficient propulsion, but at 
higher speeds, (150 kts / 77.2 m/s or higher), the rotor 
propulsive efficiency will be inferior to that available from an 
axially-mounted prop-rotor. 

 
A computer code named CASCOMP (Comprehensive Airship Sizing 
and Performance Computer Program) was used to perform the 
parametric analyses of the six airship design concepts operating on 
the three civil transportation mission profiles and two different cargo 
loads. For each airship design concept  / mission / cargo 
combination, this analysis developed basic airship scaling parameters 
and a figure of merit called the Maximum Specific Productivity (PV/E) 
that was used to establish a relative ranking of the six design 
concepts. Results for the HLA Helistat are summarized in the 
following table. 
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Optimal results from Phase I HLA Helistat parametric analysis * 
 

 
Parameter 

 
Short range mission 

 

 
Trans-continental mission 

 

Inter-
continental 

mission 

50 ton  
payload 

100 ton  
payload 

50 ton  
payload 

100 ton  
payload 

100 ton  
payload 

Max PV/E ** 
(Figure-of-
merit) 

101 knots 
(52.0 m/s) 

127 knots 
(65.3 m/s) 

96 knots 
(49.3 m/s) 

87 knots 
(44.8 m/s) 

26 knots 
(13.4 m/s) 

Speed for 
above 

105 knots 
(54 m/s) 

145 knots 
(74.6 m/s) 

135 knots 
(69.4 m/s) 

134 knots 
(68.9 m/s) 

126 knots 
(64.8 m/s) 

Buoyancy 
ratio 

0.35 0.35 0.35 0.35 0.75 

Volume 1,500,000 ft3 
(42,480 m3) 

3,200,200 ft3 
(90,624 m3) 

4,000,000 ft3 
(113,280 m3) 

5.100,000 ft3 
(144,432 m3) 

25,000,000 ft3 
(708,000 m3) 

Gross lift 220,000 lb 
(99,792 kg) 

490,000 lb 
(222,264 kg) 

440,000 lb 
(199,584 kg) 

560,000 lb 
(299,376 kg) 

1,700,000 lb 
(771,120 kg) 

Length, OA 390 ft 
(118.0 m) 

500 ft 
(152.4 m) 

540 ft 
(164.6 m) 

610 ft 
(185.9 m) 

990 ft 
(301.8 m) 

* Data from “Feasibility Study of Modern Airships – Final Report – Phase I – Volume I”, NASA 
CR-137691, Section 6. 
**This index is known as Maximum Specific Productivity (PV/E) = (P, payload weight) x (V, 
speed) / (E, empty weight)  

 
Relative ranking 
 

• The helistat received its highest computed PV/E figures-of-merit 
on the short-range missions (300 naut. miles / 556 km). 

• The helistat outperformed a conventional rigid airship on all 
mission profiles.  

• The other candidate airship designs (conventional non-rigid, 
deltoid Dynairship, guppoid Megalifter and Helipsoid) all had 
significantly higher PV/E ratings than the helistat on all mission 
profiles. 

• The helistat ranked last on the international mission profile. 
 

Other notable Phase I findings 
 

• The helistat’s performance curves for gross lift vs. design cruise 
speed were roughly the same shape as comparable 
performance curves for a typical helicopter, suggesting that the 
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helistat could be considered (at least in some cases) as a four 
rotor helicopter with a large fuselage. 

• The helistat can carry about twice as much payload as a 
helicopter for the same amount of fuel usage.  

• Projected civil needs include payload capacities of several 
hundred tons, while current military requirements range up to 
140 tons.  

 
3. NASA-sponsored Feasibility of Modern Airships – Phase II 

study 
 
Phase II HLA Helistat 
 
The Phase II HLA Helistat study conducted by Goodyear Aerospace 
focused on developing and analyzing a conceptual design for a more 
refined, compact helistat with a non-rigid gas envelope.  It appears 
that the CH-54E Super Stallion helicopters were used in an early 
Phase II design, but were replaced with CH-53B Sky Crane 
helicopters later in Phase II. 
 

 
A model of a Goodyear Aerospace HLA Helistat design concept  

with a non-rigid gas envelope and four CH-53E helicopters.  
Source: Goodyear Aerospace via Airships for the Future (1976) 
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Isometric view of a Goodyear Aerospace Phase II HLA Helistat  

design concept using four CH-54B helicopters.  
Source: NASA-CR-151917, Fig. 1.1  

 

   
(L) Sikorsky CH-54A (similar to CH-54B). Source: Mike Freer/Wikipedia, 

(R) CH-54A with rotor blades folded. Source: Pima Air Museum 
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General arrangement of Goodyear Aerospace Phase II HLA Helistat,  
side and top views. Source: Adapted from NASA-CR-151917, Fig. 5.1 
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General arrangement of Goodyear Aerospace Phase II HLA Helistat,  

bow view. Source: Adapted from NASA-CR-151917, Fig. 5.1 

 

 
 

Interconnecting structure of the of Goodyear Aerospace Phase II HLA Helistat, 
consisting of four lift struts, four drag struts, four support struts that connect to the 

four helicopters and one internal star frame in the center. The unit for the HLA 
Helistat measured 36.6 m (120 ft) long x 51.8 m (170 ft) wide.  

Source: NASA-CR-151917, Fig. 5.2 & 5.10 
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As shown in the preceding graphic, the interconnecting structure 
consists of an internal star frame comprised of welded three-boom 
steel girders with pin ended joints for connecting to the CH-54B 
helicopters via a gimbal device. Much of the star frame is 
“submerged" within the gas envelope to reduce aerodynamic drag 
and overall vehicle height. 
  
The HLA Helistat is flown by a command pilot in the aft left helicopter 
using a fly-by-wire (FBW) flight control system with manual and 
automatic flight control and hover modes, with the hover capability 
enhanced by a Precision Hover Sensor (PHS) system that provided 
hover maneuverability adequate to perform current helicopter vertical 
lift missions. Goodyear provided the following details:  
 

“The gimbal permits the rotor mast to realign with the tilted 
thrust vector much the same as in normal helicopter flight. The 
helicopters are pitched about the gimbal by main rotor cyclic 
pitch and driven by servo controlled actuators in roll to negate 
gimbal coupling forces resulting from main rotor torque. Main 
rotor torque is counteracted by a differential cyclic pitch bias 
between port and starboard rotors. The bias is accomplished by 
an electrical input to the FBW flight control system. Thus, the 
tail rotors are not required for main rotor anti-torque purposes.”  

 
The HLA Helistat was sized to fit through the doors of a WW-II 
vintage timber framed blimp hangar, the door frame of which is 
comprised two concrete towers connected at the top by a timber box 
girder. The door 
opening typically was 
67.1 m (220 ft) wide 
and 36.6 m (120 ft) 
high. Two HLA Helistats 
could fit in the more 
than 305 m (1,000 ft) 
long hangar. 
 
 
 

Source: Jeff Brown  
(Oct 2012)  



Modern Airships 
 

11 

General characteristics of the Phase II Goodyear Aerospace  
HLA Helistat 

 
Parameter Goodyear Aerospace Phase II HLA Helistat  
Type Helistat, partially buoyant, VTOL 

Length, OA 104.2 m (342 ft) 

Diameter, hull (envelope) 32.6 m (107 ft) 

Width, to helicopter centerlines 51.8 m (170 ft) 

Width, to helicopter outside 
edges, with rotor blades folded 

57.9 m (190 ft) 

Width, OA,, to rotor blade tips 73.7 m (242 ft) 

Hull fineness ratio 3.2 

Envelope type, material Non-rigid, elliptical, material similar to ZPG-3W: 
Neoprene coated Dacron hull & catenary curtain 

Ballonet material Neoprene coated Nylon 

Volume, envelope 70,792 m3 (2,500,000 ft3) 

Volume, ballonets 16,282 m3 (575,000 ft3), total for fwd, aft and two 
center ballonets, 23% of total envelope volume 

Height, OA 40.0 m (118 ft) 

Weight, gross 147,395 kg (324,950 lb) * 

Aerostatic lift 65,385 kg (144,150 lb) 

Rotor lift 82,010 kg (180,800 lb) 

Weight, empty 67,163 kg (148,070 lb) 

Useful load 80,231 kg (176,880 lb) * 

Static heaviness 1,778 kg (3,920 lb) * 

Propulsion & maneuvering • 4 x CH-54B helicopters interconnected by a 
star frame 

• Each CH-54B powered by 2 x Pratt & Whitney 
T73-P-700 turboshaft engines driving a single 
21.96 m (72 ft) diameter rotor. 

• Each turboshaft engine rated at 3,600 kW 
(4,800 shp),  

• Total installed power: 28,800 kW (38,400 shp) 

Payload 68,038 kg (75 tons, 150,000 lb) 

Speed 60 kts (69 mph, 111 kph), max 

Rate-of-climb 30.48 m/s (100 fpm) with one engine out 

Altitude • 305 m (1,000 ft) operational altitude with   
11.1º C (20º F) superheat 

• 2,499 m (8,200 ft) pressure altitude 

Range • 185 km (100 naut. miles) with payload 

• 363 km (196 naut. miles) w/o payload 

• 2,130 km (1,150 naut. miles), ferry 

Adverse weather limitations 30 knot (15.43 m/s) crosswind 

* @ MSL, standard day, 93% inflation  
 

Source: Adapted from NASA-CR-151917, Fig. 1.3 
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The HLA Helistat cargo handling system provided for carrying cargo 
as a large external sling load. The weight of the cargo was supported 
entirely by the dynamic lift of the helicopter rotors, so load exchanges 
would be accomplished much like an ordinary helicopter load 
exchange, with no transfer of ballast.  The planned cargo handling 
system resembled the CH-54B helicopter’s cargo handling system 
and provided for single-point and dual-point connections to the 
external load. Within limits, the hoist positions could be moved to 
adjusted the payload center of mass.  The dual-hoist system also 
enabled the cargo pitch angle to be adjusted. 

 

 
Source: NASA-CR-151917, Fig. 10.6  
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Phase II Flight Research Vehicle (FRV) 
 
As part of the 1975 NASA-sponsored feasibility study, Goodyear 
Aerospace conducted an HLA Helistat technology assessment and 
recommended developing an FRV to serve as an HLA Helistat 
demonstrator, while also providing research and test capabilities that 
couldn’t be duplicated in ground facilities.  Goodyear examined an 
FRV based on the re-use of the non-rigid hull of a retired Navy ZPG-2 
/ -2W blimp, which last flew in the early 1960s. 

 
 

General arrangement of Goodyear Aerospace Phase II FRV Helistat, 
side view, based on a ZPG-2W envelope.  

Source: Adapted from NASA-CR-151917, Fig. 10.1 

 
Size comparison of the FRV and HLA Helistats 

 
Parameter Goodyear Aerospace  

FRV Helistat demonstrator 
Goodyear Aerospace 

HLA Helistat 
Length, OA 104.4 m (342.6 ft) 104.2 m (342 ft) 

Diameter, hull 
(envelope) 

23.0 m (75.4 ft) 32.6 m (107 ft) 

Hull fineness ratio 4.5 3.2 

Volume, envelope 28,628 m3 (1,011,000 ft3 ) 70,792 m3 (2,500,000 ft3) 

Volume, ballonets Original ZPG-2W ballonets 
totaled 7,003 m3 (247,300 ft3). 
Revised FRV ballonets not 
stated.  

16,282 m3 (575,000 ft3), total 
for fwd, aft and two center 
ballonets, 23% of total 
envelope volume 

Height, OA 32.7 m (107.2 ft) 40.0 m (118 ft) 
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Goodyear reached the following conclusion regarding an FRV based 
on the ZPG-2W: 

 

“It is clear from the (ZPG-) 2W HLA design study that a vehicle 
less expensive than the Phase II (HLA) configuration can be 
developed. Such a vehicle, in general, will have compromised 
proof-of-concept and research capabilities. The configuration 
involving the use of the ZPG-2W is considered to be a less than 
"minimally acceptable configuration" from either a proof-of-
concept or flight research vehicle standpoint.”  
 
“There is obvious middle ground between the ZPG-2W HLA 
and the Phase II HLA configuration that could result in an 
acceptable FRV approach should future funding situations 
dictate such an approach.”  

 
As shown in the following diagram, Goodyear Aerospace proposed 
an extensive FRV research and technology development program to 
provide full-scale data to support development of future HLA 
Helistats. 

 
 
Major elements of the proposed HLA Helistat technology development program. 

Source: Adapted from NASA-CR-151917, Fig. 10.2 
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The Phase II study conclusions: 
 

1. The (HLA Helistat) concept, which combines buoyant lift 
derived from a conventional helium-filled non-rigid airship hull 
with propulsive lift derived from conventional helicopter rotors, 
appears to be technically feasible and has the potential for 
meeting a growing national need in the heavy and very heavy 
vertical lift of large outsized cargo.  

2. The buoyancy, in addition to permitting a quantum increase in 
single vehicle vertical lift capability, provides a significant 
reduction in current vertical lift costs. Additionally, the buoyancy 
reduces the fuel requirements for lifting and transporting cargo 
in comparison to current helicopter systems.  

3. The exploratory wind tunnel investigation indicates the basic 
feasibility of the Phase II configuration. 

4. A six degree of freedom flight dynamics simulation has been 
developed and used to establish that adequate vehicle control 
can be achieved from the available rotor thrust forces and that 
good vehicle response can be expected in the precision hover 
mode during gusty conditions. This conclusion eliminates a 
major deficiency of past airships which did not possess low 
speed control capability.  

5. The static heaviness of the HLA combined with the available 
rotor thrust can significantly minimize airship ground handling 
problems and personnel requirements.  

6. The technology assessment analysis has indicated that a flight 
research vehicle is required to support the acquisition of 
technical information needed in the development of (operational 
HLA Helistats) meeting current and projected civil and military 
heavy lift needs.  

7. The technology assessment analysis has indicated that 
successful technology programs will contribute significantly 
toward improved economics, safety, and performance of the 
size of vehicle investigated during the Phase II study and 
toward larger vehicles that are projected for future civil and 
military needs.  
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Significant recommendations resulting from the investigation  
of the HLA Helistat concept are:  
 

1. The development of a flight research vehicle (FRV) should be 
undertaken for the reasons delineated above. The initial phase 
of this program should be a comprehensive engineering 
program oriented at the acquisition of sufficient analytical tools 
and empirical data to permit the development of a minimum 
risk configuration possessing the needed research capabilities. 

2. A series of parallel technology programs aimed at improved 
performance and economics should be pursued. These would 
eventually be evaluated on the FRV.  

3. A market study is required to better define commercial market 
size and the type of vehicle and mission parameters for which 
to optimize future vehicles.  

 
For a future operational HLA Helistat, Goodyear Aerospace 
anticipated eliminating the helicopter fuselages and mounting rotors, 
propulsion engines, and landing gear directly on the rigid support 
structure. Additionally, the flight crew location would be moved to a 
central control cab (gondola) located under the envelope.  The 
following graphic shows an example of this configuration. 
 

 
Isometric view of a Goodyear Aerospace operational HLA Helistat 

design concept. Source: NASA-CR-151917, Fig. 1.2  

 
The Phase II study ended here without NASA or the Navy adopting 
the recommendations for developing the FRV and funding the related 
technology development program.  



Modern Airships 
 

17 

4. Goodyear Aerospace advanced HLA Helistat development 
 
Goodyear Aerospace estimated that the development cost of the HLA 
Helistat would be more than $150 million for the first vehicle, 
including a two-year, $20 million design and development phase.  In 
production, Goodyear’s target price was expected to be about $30 
million, but that would depend on the number of ships produced. In 
their 1978 Alberta Modern Airship Study, Goodyear Aerospace 
estimated that HLA Helistat operating costs would  be on the order of 
$6,000/hr for heavy lift operations and $ 4,800/hr for ferry flights. 
 
By 1979, it was reported that the Goodyear Aerospace R&D funded 
airship programs were focused on heavy-lift airship and maritime 
patrol applications.  The later Goodyear HLA Helistat design concepts 
had a central control cab (gondola) under the envelope and 
separated the functions of lift and propulsion by adding auxiliary 
horizontal-thrusting propellers for propulsion. These were shaft-driven 
from the associated engine modules that drive the rotors.  The 
complete propulsion modules were optimized for high reliability and 
low maintenance and were de-rated relative to comparable, lighter 
weight, higher performance helicopter propulsion systems.  
 

 
Goodyear Aerospace quad-rotor HLA helistat model, circa 1980. 

Source: Hochstettler, Modern Airships presentation 
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Goodyear Aerospace advanced HLA Helistat cut-away drawings.  
Note separate rotors and propellers. UNIDO (1983) 

 

 
Goodyear Aerospace 1979 concept for an advanced HLA Helistat 

with separate rotors and auxiliary propellers for propulsion.   
Source: AIAA Paper 79-1611 (1979)  

via NASA Technical paper 1921 (1981) 
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Rendering of a Goodyear Aerospace advanced HLA Helistat  

transferring cargo between ships and shore.  
Source: Goodyear Aerospace via The Complete Book of Airships (1980) 

 
 
5. The Twilight of Goodyear Aerospace Corp. 
 
Goodyear Aerospace did not develop the quad-rotor HLA Helistat.   
 
In 1987, Goodyear Aerospace Corp. was sold to Loral Corp. and 
became a defense systems business unit in Loral until 1993, when it 
was sold to Lockheed Martin along with the rights to the former 
Goodyear blimp and airship designs. 
 
In 2011 the Goodyear Tire & Rubber Company replaced its aging 
fleet of Goodyear Aerospace Corp. GZ-20A non-rigid blimps with 
modern Zeppelin NT model LZ N007-101 semi-rigid airships.   
 
6. For more information 
 

• “Feasibility Study of Modern Airships – Phase I, Volume I – 
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5.3.1.6, “Helistat Concept,” Section 5.4.3.6, “Helistat Parametric 
Results,” and Section 6, “Selection of Vehicle / Mission 
Candidates,” Boeing Vertol Company, May 1975: 
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