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lndustry 4.0, inspired by one of the 
German government’s main initiatives, 
stands for the fourth industrial revolu-

tion. After the first industrial revolution, 
which introduced mechanical production 
methods using steam power, the second 
industrial revolution established mass 
production based on electrical energy. 
Then, the third industrial revolution led 
to an automation of production systems 
through the introduction of electronics 
and information technologies. Now, the 
fourth revolution, driven by digitalization, 
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is based on intelligent production systems 
and smart factories (see figure 1) [1, 2].
Industry 4.0 is expected to change the 
entire industrial production landscape. 
Driven by the ongoing digitalization, pre-
sent production systems will significantly 
shift to flexible networked production 
systems. These networks, based on newly 
developed communication systems, 
will result in seamless interactions of 
self-optimizing cyber-physical systems 
organized in vertically integrated smart 
factories where the product itself will 
control the manufacturing process. 
Moreover, these smart factories will be 
integrated horizontally within the supply 

chain (see figure 2). This transformation 
will be accompanied and backed by 
changes of business models and social 
infrastructures [1, 6]. 
To understand Industry 4.0, it is impor-
tant to know the difference between 
the media-related terms used in this 
context. For instance, the term “Internet 
of Things”, often used synonymously 
with Industry 4.0, generally stands for a 
merging of the real and virtual worlds. 
Things, no matter if industrial objects or 
consumer goods, are equipped with iden-
tification and communication technolo-
gies and connected to the internet, thus 
becoming “smart things” based on new 
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Fig. 1: Historical background of Industry 4.0 (Sources: DFKI, IKV; Photos: Deutsches Museum, Ford, Arburg, 
Bitkom)
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demand for composites in key 
markets, such as automotive, 
energy and aerospace, and 
the related quality assurance 
efforts have driven the use 
of sensor systems. These 
systems provide data, the most 
important resource of Industry 
4.0. Furthermore, focusing on 
automated large-scale produc-
tion systems, present research 
and development work in 
specific fields of composite 
technology – such as sensor 
systems for quality metrology 
for all relevant parameters and 
actuators for flexible handling 
systems – are an integral part 
of Industry 4.0.

Composite component manu-
facturers play a role in this 
transformation, but material, 
machine and peripheral sup-
pliers, software developers and 
other participants in the value 
chain are also involved. The 
necessary real-time process 
optimization and process 
and product simulations are 
challenging due to composite-
specific boundary conditions, 
complex processes and a 
difficult modelling of cause/
effect relationships. Further-
more, quality data processing 
software needs to be adjusted, 
machine-to-machine com-
munication infrastructure 
has to be standardized and 
embedded systems, such as 
identification devices for 
product traceability within the 
production flow and during 
product lifetime, have to be 
customized for composite 
manufacturing.
 
As a result, the production 
system itself has to make 
individual decisions for 
self-adaption, and thus, a 

interaction capabilities. The 
term “Industry 4.0” contains 
similar aspects but differs due 
to its reference to industrial 
production. However, the 
“Industrial Internet of Things” 
driven by the Industrial 
Internet Consortium (IIC), 
an international non-profit 
consortium, is a rather equi-
valent concept referring to the 
industrial sector. 

Economic impact  
and fields of technology
Industry 4.0 is expected to have 
a globally significant economic 
impact. The Boston Consulting 
Group claims that, in Germany, 
the industrial transformation 
can drive productivity gains of 
5 to 8% on total manufacturing 
costs over ten years. This will 
contribute about 1% per year 
to GDP over ten years and thus 
create up to 390,000 jobs [7]. 
The main fields of technology 
are communication, sensors, 
actuators, embedded systems, 
human machine interfaces 
and software technology. 
Framework topics, such as refe-
rence architectures, standar-
dization, IT security and legal 

framework conditions, are to 
be handled concurrently [1; 8]. 

Opportunities and challenges 
in composite manufacturing
The fields of technology are 
directly or indirectly connec-
ted to the composite manufac-
turing sector. Therefore, the 
transformation to a Composite 
Industry 4.0 holds enormous 
potential for players within the 
composite value chain. Due to 
the complexity of composite 
technologies and value chains, 
there are extensive possibili-
ties for productivity increases 
and cost savings by achie-
ving a networked composite 
production as well as potential 
for the production of indivi-
dualized composite parts [9]. 
Combining the wide variety 
of different fibre types, resin 
systems, multiple subsequent 
production processes and 
available processes requires 
broad expertise and a high 
planning effort to achieve a 
cost- and performance-opti-
mized solution. On the other 
hand, this is predestined for 
the application of correction 
methods in terms of self-re-

gulation. The implementation 
of Industry 4.0 will help open 
this potential and strengthen 
the sector. 
However, this transformation 
of the production lands-
cape will result in specific 
challenges. State-of-the-art 
composite manufacturing 
processes are often characte-
rized by manual work, limited 
reproducibility and high reject 
rates, with a high contribution 
of material costs to product 
costs, a lack of data acquisition 
sensors and a lack of closed 
loop control for quality assu-
rance. The implementation of 
automation as part of the third 
industrial revolution has not 
been completed thoroughly 
yet. However, automation 
is a basic requirement for 
Industry 4.0, it is means to an 
end and not vice versa. This 
comprehension is obviously 
not valid for all composite 
processes, but must not be 
neglected. 
 
In fact, highly automated com-
posite process chains are well 
suited to smart factories. In 
the past decade, the increasing 

Fig. 2: Typical integration within both the company and the value chain (Source: AZL, RWTH)
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of the preform is measured 
photo-optically during 
production and the correspon-
ding mechanical properties 
are calculated by the produc-
tion system. Based on this, 
potential product fluctuations 
are identified inline by the 
production system and then 
compensated by a subsequent 
fibre placement process. This 
process applies a small amount 
of fibre strands with high pre-
cision according to the requi-
red property profile. The layup 
paths and the amount of fibres 
are calculated individually for 
every sprayed preform on the 
basis of photo-optical measu-
rements. Afterwards, within 
the subsequent adaptive 
RTM process, the variating 
impregnation properties due 
to individual intermediate 
production are compensated 
and an optimized impregna-
tion is enabled, based on an 
individual adaption of process 
parameters (see figure 3). To 
achieve this, the production 
system itself has to become 
“expert” in material science 
and process technology to 
make the right decisions for 
achieving zero-failure pro-
duction in terms of product 
properties.
The system regulation within 
the subsequent process steps 
is based on a system intelli-
gence enabled by continuous 
quality metrology. This means 
a change in paradigm: not 
only the process parameters 
are regulated, but also the 
part properties. For full data 
traceability, the production 
history is stored on an RFID 
chip. This way, a networked 
production system and conti-
nuous data availability will be 
established. Hence, iCompo-
site 4.0 is a lighthouse project 

system intelligence has to be 
established. Hence, research 
demands within wide fields 
of technology need to be 
addressed to push forward the 
transformation to a Composite 
Industry 4.0.

Research at AZL
RWTH Aachen Univer-
sity is one of the hot spots 
of research in the context of 
Industry 4.0. Within the Inte-
grative Production Techno-
logy for High-Wage Countries 
cluster of excellence, funded 
within the excellence initiative 
of the German government 
since 2006, more than 25 
institutes have established an 
interdisciplinary collaboration 
on this topic. AZL was foun-
ded to transfer these results 
to composite lightweight 
production, based on a 
close collaboration between 
academia and a core network 
of 60 partner companies. For 
example, traceability based 
on identification devices, 
production of individualized 
composite parts, decentralized 
production control, compo-
site specific data processing, 
automated manipulation 

of products, intermediates 
and sub-systems as well as 
complete machine and system 
development are part of the 
investigations. 
The iComposite 4.0 pro-
ject, funded by the German 
Federal Ministry of Education 
and Research (BMBF), was 
launched in January 2016. The 
aim of this project, conducted 
by AZL and its partners, is 
to setup an intelligent and 
self-regulating production 
system for economic serial 
production of structural fibre-
reinforced plastics (FRP) 
based on improved resource 
efficiency. A zero-scrap manu-
facturing system with 30% 
lower throughput times and a 
100% material utilization rate 
will lead to a 50% reduction of 
part costs compared to state-
of-the-art textile-based Resin 
Transfer Moulding (RTM) 
processes. The project stands 
for a paradigm shift from 
tolerance-based production 
to product function-oriented 
production. 

Due to their high weight-spe-
cific strength, FRP materials 
offer a huge weight saving 

potential and are therefore 
well suited for material subs-
titutions in the automotive 
sector, for instance. However, 
the extensive use of FRP is 
currently retarded by resource 
inefficiency and the accom-
panying additional costs. Due 
to high raw material costs, 
resource efficiency holds 
tremendous potential for cost 
savings. Presently, material 
losses of up to 50% are to be 
accepted during the manufac-
ture of RTM preforms, as well 
as reject parts due to variations 
in product properties. The 
objective of iComposite 4.0 is 
to tap the cost saving poten-
tial using a resource-efficient 
production line. Therefore, an 
RTM process and two additive 
and highly flexible preforming 
processes will be merged in a 
networked production system, 
self-regulated by superior 
system intelligence.

At first, the basic structure of 
the part is manufactured with 
a highly productive, three-
dimensional additive fibre 
spraying process (~150 kg/h 
labscale, anisotropy control-
lable). The fibre distribution 

Fig. 3: Functional principle of the iComposite 4.0 production line (Source: IKV, AZL)
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for the application of Industry 
4.0 to composite production.

In addition to AZL, the 
partners of the iComposite 
4.0 project consortium are 
Apodius GmbH, Broetje 
Automation Composites 
GmbH, Frimo Sontra GmbH, 
ID Systec Vertrieb Deutschland 
GmbH, the Institute of Plastics 
Processing (IKV) in Industry 
and the Skilled Crafts at 
RWTH Aachen University, 
Siemens AG and Toho Tenax 
Europe GmbH, as well as Schu-
ler Pressen GmbH. 
IKV will develop the fibre 
spraying process for zero-scrap 
production of load-optimized 
preforms and integrate the 
system into the production 
line. Apodius GmbH will work 
on three-dimensional opti-
cal measurement systems to 
evaluate the fibre orientation of 
the preform on which the self-
regulation is based. Toho Tenax 
Europe GmbH and Siemens 
AG will develop a structural 
simulation for the prediction 
of mechanical properties. Toho 
Tenax will also contribute a 
simulation for the HP-RTM 
process. Broetje Automa-
tion Composites GmbH 
is responsible for the fibre 
placement system to correct 
the structure. The intelligent 
production control system as 
well as the human machine 
interfaces will be developed by 
Siemens AG. Schuler Pressen 
GmbH will develop and imple-
ment the regulation architec-
ture for the pressing system and 
Frimo Sontra GmbH will par-
ticipate in the development of 
the tool and injection techno-
logy. Hereby, an adaptive and 
dynamic adjustment within the 
impregnation and consolida-

tion process will be possible. 
Furthermore, ID Systec Ver-
trieb Deutschland GmbH will 
develop the required identifica-
tion technologies. 
AZL is the integrator and will 
set up the full-scale production 
line, using a 1,800-ton press 
system from Schuler. 

The industrial transformation 
driven by current activities and 
the derived challenges will have 
a huge impact on the compo-
site manufacturing sector. The 
present and future research 
activities of AZL and its par-
tners will meet these challenges 
and work purposefully to 
achieve the transformation to 
Composite Industry 4.0. n
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