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HYBRID SPACECRAFT

Vladimir Syromyatnikov †

RKK Energia, 4A Lenin Street, Korolev, Moscow, Russia.

 
ABSTRACT

Based on a comprehensive analysis of all major manned 
space projects (capsule types – Mercury, Soyuz, Gemini 
and Apollo – and winged type – Space Shuttle, Buran 
and Hermes) and taking into account the advantages and 
drawbacks of both types, a new concept for a manned 
reusable spacecraft has been proposed and justified in 
detail. The concept, which is patented, combines the fea-
tures of both the types, hence the name, hybrid.

1. CONCEPT

The basic concept is that the wings of the hybrid space-
craft are folded and protected by a front heat shield 
during ascent and descent phases when flying through 
the atmosphere with the front heat shield first (similar 
to a capsule). After atmospheric braking, the front heat 
shielding is jettisoned, the wings are deployed, and the 
spacecraft lands on a conventional runway. In contrast 
with the winged spacecraft (as well as of a lifting body 
type) the thermal insulation could be made using high 
temperature alloys (not tiles) with the exception of the 
front heat shield protected by ablative insulation. 

 

Figure 1: Launch configuration

An additional advantage of the hybrid spacecraft is 
control that is achieved during atmospheric descent by 
rotating in roll, similar to a capsule. This very effective 
concept is realized by using quite small reactive control 
engines rather than large, massive aerodynamic control 
surfaces with powerful actuators to produce high rotating 
moments. As a whole, this unique concept could result 
in a spacecraft that will combine a number of attractive 
features of both types: the capsule type (compact launch 
configuration, compatibility with an escape system, 
quite effective protection during the atmospheric flight, 
the same direction of overloads on cosmonauts and  
astronauts during descent and ascent); and the winged 
type (additional maneuverability during approach and 
landing on a runway). 

Both the concept of foldable wings (on aircraft and 
proposed spacecraft conceptual designs) and the use 
of front heat shields on spacecraft are well known and 
widely used. However only in this combination are they 
able to ensure an effective way to bring a spacecraft back 
to Earth from space orbit. 

As an example, a 7.5-ton option of the hybrid spacecraft, 
to be launched by the Soyuz launcher, is conceptually 
designed and considered in more detail to demonstrate 
the basic idea and show its potential. For this initial 
option, it is also proposed to use the Soyuz Service 
Module and other components to a maximum extent.  
To improve approach and landing maneuverability, a 
small air-breathing engine is added. In order to increase 
safety, the spacecraft is equipped with an escape system 
also of the Soyuz type; thus, the whole crew compart-
ment could be separated on a launch pad, or in flight, and 
land using a backup parachute system. 

In principle, the same method could also be applied to 
other spacecraft: the Shenzhou of China, for example, 
in order to turn it into a reusable space vehicle capable 
of landing on a runway, as well as to the European and 
Japanese cargo transfer vehicles: ATV and HTV. 

2. ADVANTAGES

An advantage of the concept proposed is that a similar 
approach could be used when designing an interplanetary 
manned probe. A recovery module would eventually bring 
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Figure 2: Orbital configuration
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Figure 4: Spacecraft composition 

Figure 3: Landing configuration
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APAS close to engage during Apollo-Soyuz Test Project in 1975

its crew back to Earth landing on wings on a runway. This 
feature seems rather attractive in connection with the new 
American space initiative, in designing the CEV. 
An important advantage of the concept is also the fact that 
it would require new technology, greatly reducing the risk 
of future projects. This would greatly save time, effort, 
and resources during phase A of development (advanced 
studies) and B (project definition), and later as well. 

3. CONCLUSION

The proposed concept seemingly brings the times clos-
er when spacecraft will return to Earth quite similar to 
conventional aircraft. This would provide an opportunity 
to well-developed, as well as developing and ambitious 
countries to have access to outer space and to increase 
the number of nations participating in space exploration.
 

EDITOR’S NOTE

This is an  article by Vladimir Syromyatnikov (1934-2006) that is published posthumously by the JSSE. 

State University. In 1956 he went to work for the S.P. 
Korolev Rocket and Space Corporation Energia as 
an engineer, where he helped design the first piloted 
spacecraft that cosmonaut Yuri Gagarin rode in 1961. 
He then rose through the ranks to become a department 
head in 1977, helping design and overseeing the devel-
opment of docking systems, onboard manipulators, and 
reusable solar arrays. Syromyatnikov was a Professor 
and head of the Technical Cybernetics Department at 
Moscow State University, an Invited Professor at the 
International Space University, and an Academician of 
the International Academy of Astronautics. His awards 
included the Lenin Prize, Honorable Scientific Worker 
of Russia, and the Friendship Order.

Vladimir Syromyatnikov was the Russian designer of 
one of the most successful piece of space hardware, 
the docking system Androgynous Peripheral Assembly 
System (APAS). It was used in the Apollo-Soyuz Test 
Project in 1975, successful in more than 200 dockings 
of Soviet/Russian, on the Shuttle and on the Interna-
tional Space Station. The International Docking Sys-
tem Standard (IDSS), as global docking mechanism 
standard, is based on the heritage of the APAS system. 
Also the Chinese Shenzhou spacecraft is equipped with 
a docking system based on the APAS.
Vladimir Syromniatnikov graduated with a degree in 
engineering from the Bauman Moscow High Technical 
University and the School of Mechanics at the Moscow  
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At the occasion of the Conference Gala Dinner on May 19, 2016 the 
IAASS will assign three awards: 

- Jerome Lederer Space Safety Pioneer Award  

- Vladimir Syromyatnikov Safety-by-Design Award 

- Joseph Loftus Space Sustainability Award 

These prestigious awards are a means to honor and recognize safety 
professionals and systems designers and engineers who have made 
outstanding contributions towards space safety. 
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The 8th IAASS International Space Safety Conference “Safety First, Safety 
for All”, will be held in Melbourne - Florida (USA) in the period 18-20 May 
2016. The IAASS conference is the premiere international forum dedicated 
to the discussion of a wide variety of space safety topics.

The conference offers a unique opportunity to meet top U.S. and interna-
tional experts in space safety and related engineering fields, from industry, 
academia and agencies. An occasion for exchanging views and establish-
ing new professional bonds, towards the common goal of forging and a 
global space safety culture.

The online registration is open. You can access the online registration form at 

http://iaassconference2016.space-safety.org/registration/ 
or directly by clicking the red tab at the bottom of this page. Early Birds 
registration ends 14 March 2016.

TIMETABLE OF CONFERENCE EVENTS

30 December 2015 Deadline for abstracts submission

29 January 2016 Notification to authors

15 February 2016 Final program

22 April 2016 Deadline for paper submission

18-20 May 2016 Conference

August 2016 Publication of Proceedings
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Safety Design for Space 
Systems
Elsevier 2009

Progress in space safety lies in the 
acceptance of safety design and 
engineering as an integral part of the 
design and implementation process 
for new space systems. Safety must 
be seen as the principle design 
driver of utmost importance from the 
outset of the design process, which 
is only achieved through a culture 
change that moves all stakeholders 
toward front-end loaded safety 
concepts. Superb quality information 
for engineers, programme 
managers, suppliers and aerospace 
technologists.

Safety Design for Space 
Systems, Chinese Edition
2011

Progress in space safety lies in the 
acceptance of safety design and 
engineering as an integral part of the 
design and implementation process 
for new space systems. Safety must 
be seen as the principle design 
driver of utmost importance from the 
outset of the design process, which 
is only achieved through a culture 
change that moves all stakeholders 
toward front-end loaded safety 
concepts. Superb quality information 
for engineers, programme 
managers, suppliers and aerospace 
technologists.

Space Safety Regulations 
and Standards
Elsevier 2011

Space Safety Regulations and 
Standards is the definitive book on 
regulatory initiatives involving space 
safety, new space safety standards, 
and safety related to new space 
technologies under development. 
More than 30 world experts come 
together in this book to share their 
detailed knowledge of regulatory and 
standard making processes in the 
area, combining otherwise disparate 
information into one essential 
reference and providing case studies 
to illustrate applications throughout 
space programs internationally.

Safety Design for Space 
Operations
Elsevier 2013

Safety Design for Space Operations 
provides the practical how-to 
guidance and knowledge base 
needed to facilitate safe and 
effective operations safety in line 
with current regulations. 
With information on space 
operations safety design currently 
disparate and difficult to find in one 
place, this unique reference brings 
together essential material on: 
safety design practices, 
advanced analysis methods, and 
implementation procedures.
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