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Ceramic 
Composites and 
Structures
For the production of lightweight 
ceramic structures, the institute works 
on new materials and processes. The 
developed components feature high 
thermal resistance, high mechanical 
strength, and low specific weight. 
Examples include components for 
stationary and gas turbines, thermal 
protection systems for spacecraft, 
high-performance brake discs for 
passenger cars, and aircraft propellers.

Material development 
This field of research creates new fibre- 
ceramic material variants and construc-
tion methods. Pre-form techniques such 
as winding or lamination and autoclave, 
RTM and press technology are used to 
produce fibre-reinforced structures main-
ly based on carbon, silicon carbide and 
oxidic fibres. The subsequent conversion 
to ceramics is carried out in special pyro-
lysis and liquid metal infiltration furnaces.

Simulation and quality control 
The non-destructive testing methods  
primarily comprise ultrasound, thermo- 
graphy and computer tomography (CT).  
Through the combination of CT-based 
microstructural analysis with mechanical 
material characterisation, new finite ele-
ment models are created. Those models 
describe the material behaviour, enable 
component design with lifetime predic-
tion, and can assess effects of defects in 
real components.

Space System 
Integration
The main activities of the depart-
ment focus on thermal protection 
systems and hot primary structures 
for re-entry vehicles along with 
fibre-reinforced ceramic components 
for space propulsion systems. The 
research work ranges from structural 
development and testing on the test 
stand to actual flight experiments.

Strength during re-entry capability
The research focuses on the develop-
ment of reusable ceramics and ablative 
thermal protection systems along with 
the development of experimental space-
craft using those fibre-reinforced ceram-
ics. A new structural concept comprising 
flat, faceted fibre ceramic tiles makes it 
possible to reduce cost while enhanc-
ing the performance of a spacecraft 
at the same time. The system-oriented 
approach includes material qualification, 
construction and structure technology, 
simulation, testing, system integration, 
and flight experiments.

Ceramic combustion chambers
Propulsion systems for future space 
transport systems will have to provide 
high performance and efficiency togeth-
er with low weight and long service life. 
The research work focuses on hybrid 
construction concepts using polymer and 
ceramic composites for thrust chambers, 
injectors and nozzles. Transpiration, 
regenerative and radiation cooling are 
used depending on the specific applica-
tion.

The Institute
The Institute of Structures and Design 
develops high-performance structures 
for the aerospace industry, vehicle 
construction and energy technology. 
Its work focuses on fibre ceramic, 
polymer and hybrid composite mate-
rials. New design concepts make 
lightweight structures especially 
effective and inexpensive.

The institute is doing business at the 
DLR locations in Stuttgart and Augsburg 
with five departments covering the entire 
process chain – from materials and 
demonstrators to production technol-
ogy – thereby enabling it to respond 
rapidly and flexibly to questions posed by 
research and industry.

Research Topics at a Glance From Material to Production Technology

Structural Integrity
The research work in this department 
focuses on the development of struc-
tural concepts for structures exposed 
to high dynamic load in aircraft and  
vehicles. The goal is to ensure and 
improve their structural integrity 
under loads created by crash or 
impact – and, in doing so, starting at 
the level of the structural design.

For more safety 
In specific tests, the mechanical prop-
erties of selected classes of materials 
are studied under high-speed loading. 
Knowledge of the mechanical properties, 
such as the energy absorption capacity 
of materials, is the basis for the math-
ematical modelling and design of new 
structures subject to the risk of impacts 
and crashes. The function of these 
components is then tested in the gas 
gun impact centre or in the drop tower 
in order to validate the mathematical 
models. 

Virtual testing 
Specific in-house developed numerical 
methods can be used to design struc-
tures and support their certification by 
means of virtual tools alone. That short-
ens development times for complex test 
series and reduces their cost.

Component Design 
and Manufacturing 
Technologies
The department specialises in design 
methods and manufacturing tech-
nologies for components made of 
fibre-reinforced composites (FRP) 
and hybrid structures, which include 
metals. Examples are fuselage struc-
tures as well as high-lift devices and 
aeroengine structures for aircraft. 
This expertise is also applied in the 
transport sector.

From draft to demonstrator
Along with the use of simulation and 
design tools, the competence profile of 
the department also includes the opti-
misation of manufacturing, processing 
and bonding technologies. In this way, 
component designs are drafted, optimal 
manufacturing technologies are defined, 
and demonstrators are produced. 
Requirements for subsequent (automat-
ed) series production are already incorpo-
rated into the component design.  

Performance improvement 
Metal design principles cannot be applied 
to FRP or hybrid structures, because they 
would not make optimal use of their 
material properties. For this reason, cur-
rent research projects focus on innovative 
design methods. Examples include a new 
manufacturing concept for aeroengine 
compressors or design methods for 
leading edges, like slats, bulkhead, and 
vertical and horizontal tail planes (VTP 
and HTP).

Automation and 
Quality Assurance  
in Production  
Technology
The department concentrates on 
automated production of lightweight 
structures. A particular focus lies 
on carbon fibre-reinforced plastics 
(CFRP). Major research topics in this 
area include mechatronic handling 
systems, a robot-assisted process 
chain, and a process-integrated quality 
assurance system.

Research on an industrial scale
A platform with flexible, cooperating 
robots – unique in Europe – supports 
research on an industrial scale. The  
32 x 1 x 7 metre system forms the core 
of a complete CFRP process chain and 
provides unsurpassed positioning preci-
sion of 0.2 millimetres. All process steps 
during manufacturing of large CFRP 
structures can be optimised and validat-
ed in the interplay of all process chain 
modules. 

Center for Lightweight Production 
Technology (ZLP) 
The department is doing business at the 
ZLP site in Augsburg. ZLP is a national 
facility of the German Aerospace Center 
with an additional location in Stade, 
Germany.
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DLR at a Glance

DLR is the national aeronautics and space research centre of the 
Federal Republic of Germany. Its extensive research and development 
work in aeronautics, space, energy, transport and security is inte grated 
into national and international cooperative ventures. In addition to  
its own research, as Germany’s space agency, DLR has been given 
responsibility by the federal government for the planning and 
implementation of the German space programme. DLR is also the 
umbrella organisation for the nation’s largest project execution 
organisation.

DLR has approximately 7700 employees at 16 locations in Germany: 
Cologne (headquarters), Augsburg, Berlin, Bonn, Braunschweig, 
Bremen, Goettingen, Hamburg, Juelich, Lampoldshausen, Neustrelitz, 
Oberpfaffenhofen, Stade, Stuttgart, Trauen, and Weilheim. DLR also 
has offices in Brussels, Paris, Tokyo and Washington D.C.

DLR’s mission comprises the exploration of Earth and the Solar System 
and research for protecting the environment. This includes the 
development of environment-friendly technologies for energy supply 
and future mobility, as well as for communications and security. 
DLR’s research portfolio ranges from fundamental research to the 
development of products for tomorrow. In this way, DLR contributes 
the scientific and technical expertise that it has acquired to the 
enhancement of Germany as a location for industry and technology. 
DLR operates major research facilities for its own projects and as a 
service for clients and partners. It also fosters the development of 
the next generation of researchers, provides expert advisory services 
to government and is a driving force in the regions where its 
facilities are located.
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