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The Center for Lightweight-
Production-Technology of the DLR

The Center for Lightweight-Production-Technology (ZLP) 
aligns within the programmatic research approach of the 
German Aerospace Center (DLR) with its core disciplines 
in aeronautics, space, transport and energy. ZLP seeks 
to enhance aeronautical research by taking production 
technology into account, which complements the interdis-
ciplinary approach of DLR in research on the air transport 
system. Thus, fundamental assessment capabilities begin-
ning with materials up to maintenance, repair, overhaul 
(MRO) will be researched.

ZLP’s concept was designed by the DLR-Institute for Composite 
Structures and Adaptive systems and the DLR-Institute for 
Structures and Design; it covers the complete process chain for 
composite parts. ZLP is building upon the institutes’ research 
portfolio consisting of materials research, design, technology and 
assembly. ZLP bridges the gap to industrial application in terms of 
technology and manufacturing.

To do a sustainable research approach in production technology 
close cooperation with industrial partners is essential. As DLR does 
not have its own production capabilities, expertise is developed 
based on two aspects. On the one hand the experience of the 
manufacturing industry has to be taken into account and on the 
other hand the machinery building industry has to be considered. 
Both aspects are reflected in the creation of research platforms 
that are to be set up in the ZLP. The close cooperation between 
aeronautical industry, machinery industry and research will provide 
an industrial application of research results in the mid-term.

Another objective of ZLP is to enhance the cooperation between 
local networks by an interdisciplinary work approach. As the sites 
of the ZLP are located in Augsburg and Stade, some requirements 
for research aspects were given by the local industry and local 
networks. By considering these aspects a best fit research portfo-
lio for both sites was created, which enables strong cooperation. 
Some examples include, quality assurance, the topic of “effects 
of defects” and robotics for carbon fibre reinforced plastic (CFRP) 
applications.
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ZLP in Stade

The ZLP in Stade addresses aeronautics, automotive industry as 
well as wind energy. The research portfolio includes the following 
topics:

- Combined automated fibre placement (AFP) with  
 automated tape laying (ATL),

- Fully automated resin transfer moulding (RTM) processes  
 for high volume parts,

- Online quality assurance in autoclave processes,

- Processing of thermosets and prepregs,

- Tooling technology, and

- Process simulation.

The ZLP in Stade is integrated into the building complex of CFK 
Nord with its partners Fraunhofer, Premium Aerotec, EADS-
Innovation Works, Dow Chemical and Airbus. It covers part 
re lated technologies for fuselage production, wing production, 
the empennage, rotor blades as well as the automated RTM 
process as it will be used for both automotive application or the 
frame production of aircraft.

For each technology research platforms are built that meet indus-
trial requirements. These facilities are a machine for combined 
fibre placement and tape laying, an autoclave with an inner dia-
meter of 5.8 metres and a loading length of 20 metres, as well as 
a fully automated RTM process chain.
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Fully automated resin transfer moulding 
(RTM) processes for high volume parts

Due to their cost effectiveness and good material properties, 
epoxy resins are used for most high performance composite 
parts. But those parts have not yet conquered the mass market, 
as no production technology appears capable in delivering high 
quantities of parts. This is mainly driven by a still high degree 
of manual labor in today’s production technology. To introduce 
composite components in high quantities to the market, process 
technology has to be created first. Short cycle times, automated 
handling, material development are in the focus of the current 
demand. Within the project’s approach the fundamental engi-
neering is done for the development of a production facility with 
a productivity of 100,000 complex composite parts per annum. 
Therefore a multi-functional production chain is built, which has 
the potential to simulate practical application in the fields of 
automation by considering the full scale of a component. 

To achieve this goal in productivity resin transfer moulding  
technology offers the best outcomes in regards to automation 
and reliability. The ZLP in Stade seeks to demonstrate a complete 
process chain in RTM technology to provide a fundamental 
understanding of the design of industrial processes. To increase 
the degree of the technology’s maturity ZLP focuses on: 

- The fully automated production chain  
 for complex composite parts, 

- The reduction of manufacturing  
 costs through automation, and

- The reduction of process times.
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Due to the demand of flexibility of the process chain the follow-
ing different component classes are in the scope of research:

- 3D-scale components with complex  
 partial structures, and

- Curved, profiled frames.

In both the aeronautic and automotive industries an application 
is provided. The basic structure of the technology development 
is based on the resin transfer moulding technology and derived 
partial technologies. Within the project the entire process chain is 
shown, thus the cooperation of individual sub-process steps can 
be examined. In the sub-processes the following development 
steps will focus on:

- Fast preform, using automated  
 handling and draping of fibres,

- Processing of preforms with the  
 final contour-net-shape design,

- Strategies for fast and thermal processes, and

- Development of multifunctional tools.

Process chain for fully automated resin transfer moulding (RTM)
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RTM will be developed into an automated process, near to indus-
trial application. The RTM process chain will be crucial in deriving 
specialised processes to components for various industries. Due to 
the research platform developed in Stade, industrial research and 
development times could be reduced significantly.

Combined automated fibre placement (AFP) 
with automated tape laying (ATL)

Today’s production of large scale parts of CFRP is dominated by 
the use of prepreg material. Machining development has reached 
a high level of maturity for this purpose, but the existing single 
lay up systems cannot meet the demand of high productivity 
needed for aircraft produced in high quantities. Due to this, a 
multi lay up approach is done within the ZLP to demonstrate high 
productivity on an industrial scale. The project covers the devel-
opment of production process for large-scale, highly integrated 
components made of composite materials in automated fibre 
lay up technologies. In this regard, a system is developed on the 
basis of co-operating units; simultaneous tape laying and fibre 
placement enables flexible use of functions within manufacturing.
The aim of the project is a production technology that allows a 
lay up rate of more than 150 kilograms per hour prepreg material. 
Increasing the productivity of fibre placement systems are mainly 
in the following areas:

- The individual lay up rate,

- The number of lay up units,

- Improvement of the system dynamics, and

- The reliability and production readiness.

In the first step, a platform is built on the basis of cooperating 
lay up units for the production of large components in com-
posite materials. The system technology contains lay up units 
which can be moved around the work piece. Each unit consists 
of a platform and an appropriately equipped robot. Therefore, 
a new generation of tow placement and tape-laying heads is to 
be developed. Basically the system has an open-architecture with 
conventional NC-control commands. In addition, new methods of 
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integrated on-line quality assurance will be installed, by which a 
downstream, non-destructive testing procedure will be minimised 
in time. Ordinary industrial robots do not provide the required 
accuracy for fibre placement processes, while quality assurance 
methods allow continuous monitoring of the accuracy during the 
lay up process.

In the second step, the research platform is used to automate 
fibre placement along the process chain. These include, in addi-
tion to the actual laying process, in-process steps, such as the 
automated vacuum bagging.

The platform is to be given the potential to simulate processes on 
the level of industrial production and to derive technology for the 
production of the manufacturer.

Closely related to the manufacture of composite structures is the 
development of innovative mold concepts. In this case, their pro-
duction-oriented design is particularly important, which consists 
of on the one the accessibility of the machine and on the other 
of their handling in use. The production-oriented design also 
takes into account procedural influences of the composite part, 
especially the influence on the component shape by the material 
properties during the thermal cross linking reaction.

The project examines the interaction of production materials and 
equipment, which are both adjusted to increase productivity quality 
by automation.

Cooperating robot units for a simultaneous and high-dynamic lay up  
process with AFP (left) and ATL technologies (right)
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A very important component of the project is the close coopera-
tion with industry. Both sides of the process, the one being the 
manufacturer and the other being the machine developers, are 
taken into account by DLR to obtain results near to application. 
Hence, partners have been identified, such as the MAG machin-
ing, Premium Aerotec and Airbus, which have all played a major 
role during the discovery phase. 

Online quality assurance  
in autoclave processes

Autoclaves are today and in the longer term an integral part of 
the chain of production of CFRP components. Through the pro-
cesses taking place in the autoclave, the system influences the 
material properties and component geometry. Therefore, proce-
dures are to be designed with respect to the parameter measure-
ment, simulation and presentation of heat transfer processes.

One aim of the project is the recording of the exact temperature 
distribution on the component in order to minimise heating and 
holding times by new criteria for the autoclave controls. Hence, 
a procedure for quality-assured production of large structures of 
carbon fibre will be developed.

Dynamic process con-
trol for the autoclave 
supported by simu-
lation
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Another aim is the use of a simulation method to obtain a pro-
cess prediction, with which thermal inertia could be observed 
beforehand in order to optimise the cycle time.

In a further step this information could be used to reduce the 
required heating and holding phases for homogeneous heating 
of the component by systematic manipulation of the hot air flow 
inside the autoclave. An additional option is the integration of 
alternative heating systems to critical areas of the component, 
specifically and locally limited to heat and thus achieves the 
homogenisation of the temperature field more quickly.

A quality-assured production in the autoclave is based on a fun-
damental understanding of the processes in the autoclave. Hence, 
the research platform of the autoclave is equipped with extensive 
sensing systems. These data bases provide, which models are to 
be built that allow an active intervention in the autoclave process. 
This happens within a simulation of flow, heat transfer processes 
and the representation of the polymer reaction. The intended 
purpose is the virtual autoclave. To gain a fundamental under-
standing of industrial processes an industrial scale was considered 
by the size of the autoclave which was chosen to have an inner 
diameter of 5.8 metres and a loading length of 20 metres. 

The overall objective is the most cost-optimised production of high 
quality large components with small production variations. This 
should be obtained by using a thermal and pressure management 
for time optimisation and quality assurance during the process. A 
representation of the technology on an industrial scale is necessary, 
because a lot of effects can not be simulated in the laboratory. 
Therefore, the research facility has a dimension that allows for 
the manufacturing of aircraft fuselage components of short  
range aircraft in its entirety.
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The ZLP-Augsburg is funded within a joint research initiative. It 
will examine technology related topics ranging from the entire 
aircraft up to engine structures. In cooperation with Premium 
Aerotec, ZLP examines the textile technologies for fuselage  
applications.

In the new Department of Automation and Quality Assurance, 
the Institute for Structures and Design will complete the process 
chain for carbon fibre reinforced plastics (CFRP) in production tech-
nology, in Augsburg. The focus of the ZLP in Augsburg is textile 
and infusion technology (thermoset), thermoplastic processing, 
production-integrated quality control, assembly technology and 
robotics for composite manufacturing. The goal is a complete 
automation of the production process for manufacturing  
composite structures:

- Textile and infusion technology,

- Robotics, sensors, mechatronics,

- Thermoset and thermoplastic processing,

- Production integrated quality assurance, and

- Assembly technologies.

ZLP in Augsburg
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In Augsburg the DLR combines its expertise in structural and 
materials engineering with those in the field of robotics and 
mechatronics for the production of CFRP components. It is aimed 
at expanding Germany’s competence in the production of aircraft 
and provides this through sustainable technology development. 
With this, it acts as a partner to industry, such as small and mid-
size enterprises in the aerospace industry and up to OEMs or Tier 
1 suppliers like Eurocopter and Premium Aerotec.

Production-integrated NDT methods 

The stringent requirements of the aerospace industry in the 
manufacturing of composite structures are one of the challeges for 
production-integrated quality assurance. In many areas methods 
of nondestructive testing (NDT) are used for final inspection. The 
goal is to use modern methods of NDT to identify at an early stage 
in the component’s value chain anomalies and take corrective 
actions if necessary. The overall objective of production integrated 
non-destructive test methods is the development and qualification 
of procedures to minimise the existing bottleneck in the  
downstream component inspection time. 

Therefore qualified methods have to be developed to capture, 
analyse, classified and quantified the process parameters and 
quality criteria of parts. For this purpose sensors and detection 
systems are to be developed, e.g. based on optical, thermogra-
phic or electromagnetic means.

The studies on the production-integrated quality assurance are 
based on a representative process chain for the manufacturing of 
composite structures for the aerospace industry. For example, the 
process chain of the dry fibre deposition with infiltration methods 
consists of lay up of dry carbon fibre fabrics coupled with the 
preform technology and subsequent infiltration. Notably, other 
manufacturing processes and materials such as thermoplastic 
processing or prepreg technology are not excluded. It is rather to 
illustrate that the process chain is composed of individual modular 
steps where check-relevant parameters are assigned. This includes 
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a variety of non-destructive testing (NDT), eligible for certain 
testing tasks in question. These include optical methods, in con-
junction with methods of digital image processing and innovative 
NDT methods:

- Ultrasonic testing with water as coupling medium,

- Air-coupled ultrasonic testing,

- Active thermography including lock-in methods,

- Shearography including lock-in methods, and

- CT: computerized tomography.

The selected test methods require each corresponding potential 
for automation and corresponding defect selectivity. In addition, 
the economics of the process is of great importance, because the 
production-integrated quality assurance is to serve the produc-
tion, which is not only reliable but also leads to a reduction in 
costs.

The automation of NDT requires special facilities. Therefore, 
special NDT-end-effectors are developed with the appropriate 
interface definition and incorporation into a robotic system. Due 
to the automated analysis of quality data the NDT process is com-
pleted. This shall be developed with a suitable data management 
system, which uses the infrastructure of the robotics system. All 
documentation processes must ultimately meet the requirements 
of quality assurance within aerospace industry.
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The most important parameters are processing speed, and cor-
responding recording speed, so that later the NDT method does 
not result in the slowing down of the manufacturing process. To 
accelerate the process intelligent NDT methods are examined, 
which is associated with production integrated testing strate-
gies that allow both a structural assessment of the mechanical 
component and a quantitative assessment of the data amount. 
Therefore Robotic end-effectors for a contactless testing by 
means of air coupled, fast phased array ultrasound and lock-in 
thermography will be developed for this purpose. The end effec-
tors are then used in the process to evaluate their performance. 
The demonstration will be shown by the preparation of stringer 
stiffened panels in LCM processes.

Robotics for fibre composites 

In the field of robotics for composite production the main goal is 
the automation of manufacturing processes. Additionally the high 
requirements in the aerospace production technology have to be 
obeyed. Their implementation will require innovative solutions in 
the field of robotics and production technology. 

Conceptual quality inspection process
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For this purpose, process-oriented robotic automation will be 
developed. In an interdisciplinary approach requirements are 
derived from of the areas of mechanical engineering, mechatro-
nics, control engineering and computer science.
The transition from metal construction to composite design 
requires new approaches in the quality of robotic systems. In 
addition to sensors for sensitive material processing, cooperation 
strategies for various handling activities have to be developed. 
The effects of new materials must be investigated and augment-
ed through integration of new material specific modules in con-
trol systems.

For example the implementation of such requirements is the 
development of handling systems for technical textiles. Multi-
variant capable, highly flexible cells and system concepts are 
being developed and implemented for the purpose of handling, 
storage and manipulation of fibre fabric. Therefore necessary 
changes for efficient and process oriented machines will be  
developed as well as new ways for process control.

Data management is challenging for large geometries or surfaces 
and requires new approaches in the geometric features, such 
as motion planning on „soft“ shapes. Due to textile properties, 
such as distortion or setting ways, the outer shape is no longer 
clearly defined. Topology measurement systems of large moulds 
and components are in any case a feasible alternative for precise 

Multifunctional 
robotic workcell
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positioning of the robot’s tool centre point. Depending on speed, 
load and dynamic forces, compensation algorithms are necessary 
to reduce position deviations.

With the integration of robots into the process chain of carbon 
fibre components, a platform is created to reflect the general 
individual process steps and thus offers opportunities for transfer 
of technologies to specific production systems. 

Coordination of simultaneous operation of robots needs to be 
context aware. Based on the robotic platform, individual tech-
nologies need to be integrated into one system.

The field of human machine interaction is paid special attention. 
On the one hand, a reliable operation of the production system 
has to be guaranteed and on the other hand implementation of 
new control paradigms and process oriented programming allow 
operation by process specialists and not by robotics experts. In 
addition, simulation approaches are developed as software tools 
in order to accompany a digital process chain for the production 
of composite components.

The area of robotics for composite manufacturing is the technical 
basis of the automation solution of technological challenges to 
production concepts of tomorrow. The development of concrete 
solutions for production engineering tasks is the focus of this 
research. This is ensured through close cooperation with partners 
from industry and research, which makes a faster transfer to 
application possible.

Thermoplastic volume parts  
and structural components

The expected high production rates of future aircrafts and their 
structural components need to be addressed by processes with 
short cycle times. Thermoplastics with cycle times as short as 
three minutes are very promising. The project utilises the robo-
tics platform in Augsburg where an automated layup process 
produces two-dimensional layups of thermoplastic prepregs. The 
automated consolidation and shaping process uses either a press 
or a vacuum supported stamp, while complex geometries can 
be realised with vacuum moulding. In combination with heating 
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and moulding technologies, joining methods are derived, which 
examine the implementation of welding CFRP thermoplastics on 
an industrial scale. The welding technology will be observed in 
comparison to bonding by structural characteristics and its feasibility 
for manufacturing processes. Closely related to the welding techno-
logy, other technologies are derived, such as the winding of thermo-
plastics and surface preparation for a subsequent bonding process. 
Further, NDT methods are used for in-process quality assurance. 

For an economic composite production, automation is crucial and 
for this challenge an automated production chain is being devel-
oped. It transmits into technical solutions that are economically 
and technologically appropriate for parts of medium-sized dimen-
sions with complex geometry and reduces the manufacturing cost 
per component of the same or higher quality. 

The project’s goal is to build a multi-functional technology plat-
form, which directly determines the practical potential of automa-
tion for various thermoplastic components. The major questions 
for this purpose are:

- Is a fully automated production chain for complex  
 composite structures possible?

- What is the process reliability in practice?

- How much is the reduction of production costs  
 with a fully automated process chain?

Due to the flexible design of the production platform the study 
of several component classes will be possible; e.g. flat 2D parts 
with complex sub-structures as well as three-dimensionally curved 
structural components.

Thermoplastic manhole 
cover produced by consoli-
dation methods
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Highly integrated composite structures

Utilising dry fibre layup combined with the infusion technology 
of thermoset resin systems offers great opportunities for large 
structures due to high lay-up rates. However, the degree of auto-
mation in its two fundamental process steps, the positioning of 
dry, semi-rigid fibres and the vacuum bagging is still very low. The 
project examines the automated production of thermoset compo-
site parts, especially large-scale and highly integral structures with 
the objective of an integrated automation.

On the basis of a flexible robotic platform limp fabrics are being 
handled. Draping of limp materials requires flexible gripping 
systems to comply with the properties of carbon fibre plies, ply 
extend and ply size as well as the mould geometry. Through the 
entire process it has to be guaranteed that the fibres are not 
affected by their handling. Hence, an in-process quality assurance 
monitores and ensures a consistently high quality. In addition to 
fabric handling a continuous automation of the process chain also 
requires the implementation of automated vacuum bagging.
Only by taking the entire production chain into account an opti-
mum between the desired component weight and manufacturing 
costs can be achieved. The specific goals are:

Vacuum gripper for limp fabrics

- Optimisation of component tolerances,  
 production times and material  
 consumption,

- Proof of feasibility of the automated  
 manufacturing of large integrated  
 structures, and

- Design, implementation and utilisation  
 of the required production facilities.
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Assembly and joint technology

State of the art in aerospace technology is riveting and in-
creasingly for non-structural parts, bonding. New materials and 
design concepts require customised assembly technologies. 
Automation will help to increase the reproducibility and efficiency 
to ensure the processes. Objectives of this field are the reduction 
of the joints due to highly integrated composite structures as well 
as new techniques for an automated assembly of large aircraft 
structures.

Different design philosophies compete in first generation CFRP 
fuselages. Those design concepts can be grouped into two cate-
gories, generally:

- Full Barrel Approach, and 

- Panel Design.

Both concepts are in the phase of industrialisation and have 
already shown their advantages and disadvantages. In economic 
terms throughout the life cycle a fuselage may need completely 
new installation. In terms of CFRP, new bonding technologies 
must be found to suit the requirements of system installation. 
Economic, reliable and yet flexible production methods are there-
fore of primary interest. Considerations on future maintenance 
and repair scenarios will be incorporated into this work. 

Assembly concept 
for a CFRP fuselage
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Conclusion

ZLP provides facilities, which for the first 
time covers the whole process chain for 
CFRP inside the one research institution. 
Due to these facilities a research approach 
on an industrial scale is possible for vari-
ous applications, especially for aerospace 
applications. To establish CFRP to fit most 
structural components, the degree of auto-
mation needs to be increased in all process 
steps. Several processes itself have to be 
examined in order for their feasibility to  
be automated.

The installation of the ZLP in an industrial 
environment places DLR closer to applica-
tion. Here, the development of new manu-
facturing processes is connected to the 
development of new production facilities. 
Due to this, a close cooperation with indus-
trial partners from both sides of the process 
is crucial to the success of DLR’s ZLP.
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DLR at a glance

DLR is Germany´s national research cen-
tre for aeronautics and space. Its exten-
sive research and development work in 
Aeronautics, Space, Energy, Transport 
and Security is integrated into national 
and international cooperative ventures. 
As Germany´s space agency, DLR has 
been given responsibility for the forward 
planning and the implementation of the 
German space programme by the German 
federal government as well as for the 
international representation of German 
interests. Furthermore, Germany’s largest 
project-management agency is also part 
of DLR.

Approximately 6,900 people are employed 
at fifteen locations in Germany: Cologne 
(headquarters), Augsburg, Berlin, Bonn, 
Braunschweig, Bremen, Goettingen, 
Hamburg, Lampoldshausen, Neustrelitz, 
Oberpfaffenhofen, Stade, Stuttgart, Trauen, 
and Weilheim. DLR also operates offices 
in Brussels, Paris, and Washington D.C.
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