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Abstract Spare parts manufacturing and in-time provision
are complex activities for several industries. One of the deci-
sions that need to be made on a spare parts production is
related to the location of the production. The distributed
manufacturing of spare parts in locations closer to the final
user may have several advantages, such as reduced delivery
lead times and reduced logistics costs. However, distributed
manufacturing by the adoption of advanced manufacturing
technologies raises challenges in terms of information ex-
change, communication, and control between the production
sites. The connected industrial environment, brought by what
has been called the 4th Industrial Revolution, might be the
answer for this challenge. Therefore, the aim of this paper is
to characterize centralization and independence levels be-
tween a central factory and a distributed production site for
the manufacturing of spare parts leveraging additive
manufacturing as main production process. Use cases have
been developed with design and engineering—providing the
product model—in Germany and the additive manufacturing
(AM) site—providing the manufacturing structure and ma-
chines—in Brazil, together forming a distributed development
and manufacturing network. Four implemented use cases

demonstrate the evolution of the independence level between
the central factory and the distributed site. The analyses focus
on implications for work organization, network performance,
and intellectual property protection. Results show that the
connection, communication, and control brought by advanced
manufacturing technologies and connected industrial environ-
ment to distributed manufacturing change the organizational
structure of both sites creating a flexible focused factory with
the production closer to the final client and the specialization
centered at the central factory.

Keywords Distributedmanufacturing . Additive
manufacturing . Advancedmanufacturing . Industrie 4.0 .

Spare parts . Organizational structure

1 Introduction

Advanced manufacturing technologies aims at improving val-
ue chains and value-added networks in industry to ensure
industrial competitiveness. Key challenges are the integration
of seamless digital workflows throughout the product
lifecycle, the development of highly flexible and adaptive
manufacturing processes, and the capabilities to manufacture
individualized products at the price of mass production [1].

Production sites are becoming rapidly adaptive while re-
maining economically productive. This situation enables to
decentralize production—through autonomous tasks based
on cyber physical production systems [2], improved quality
control [3–5], and reduced inventories [4]. Smart factories will
be networked in cross-company collaboration, sharing rele-
vant information to a database, and thus creating a dynamic
environment [6].

Increased product variety, reduced lifecycle times and geo-
graphically distributed markets brought by a dynamic
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environment, increases the demands for post-sales services as
the manufacturing of spare parts. The management of spare
parts is a challenge for most of the products, due to the unpre-
dictable demand and diversity of items. To raise the perception
of the value for the customer, one strategy that can be adopted
is the geographically distributed manufacturing, transferring
the production closer to the client and reducing the time to
deliver parts [7]. However, the distribution of the production
by the adoption of advanced manufacturing technologies
(AMT) raises problems in the information exchange, commu-
nication, and control between the production sites, changing
the work organization structures [8].

Work organization is based on the similarity of activities.
The greater interdependence between two tasks implies great-
er returns to integrated coordination. However, an increase in
the number of interdependent relationships implies more co-
ordination responsibilities for the managers once the more
complex the task system, the more difficult it is for individual
managers to handle the constraints on their cognitive capacity.
The production system involves the transfer of information
and decisions as well as materials; it is, therefore, a richer
representation of the firm as a system of interdependent tasks
[9, 10]. The challenge with distributed production is to imple-
ment communication and integration technologies that reduce
the coordination effort and provides a focused factory [7].

This paper simulates the use of AMT in connected envi-
ronments to produce spare parts in a distributed environment
[11, 12]. The applied research approach is based on designing,
implementing, and testing a distributed manufacturing of
spare parts experiment. The experiment has been based on
additive manufacturing and Internet communication
technologies.

The objective of this paper is to compare the organizational
structure and independence levels between a central factory
and a distributed site for the manufacturing of spare parts
considering the application of novel production and commu-
nication technologies. The experiment has been implemented
in four use cases representing different levels of integration
and quality control independence, evolving from a non-
connected to a fully connected environment. These use cases
that simulate a distributed production scenario between
Germany and Brazil, which represents the Internet-based col-
laboration between central factory and distributed production
site [11, 12].

This article is structured in six sections. Section 2 presents a
literature review on the topics used to construct a distributed
manufacturing scenario. Section 3 details the research method
and the solution developed. Section 4 focuses on data gather-
ing and results analysis of the scenario. Section 5 discusses the
application of the proposed method on the dependence level
between the central factory and the distributed site. Finally,
Section 6 presents the conclusions and suggestions for further
research.

2 Distributed manufacturing

In this section, the theoretical bases for distributed and con-
trolled manufacturing are described.

2.1 Supply chain of spare parts

The supply chain of products encompasses all activities asso-
ciated with the flow and transformation of goods from raw
materials to the end user, as well as the associated information
flow that runs along the production chain [13].

It is necessary to consider a combination of different re-
quirements from the adopted technology, desirable quality,
production, and market, for the production chain to be bal-
anced [14]. These combinations of requirements can be char-
acterized by the five Ps of the supply chain [15]:

& Product—which product will be offered, in which velocity
and flexibility;

& Partnership—selecting partners and analyze the risk of
sharing information;

& Plants and stocks—focused factories and appropriate
stocks;

& Process—point of interaction with the client;
& and Planning and control—information exchange during

the manufacturing process.

The five Ps suitably designed avoid production variability
without ending flexibility [15, 16] which adds complexity to
the production of spare parts.

Spare parts manufacturing and in-time provision are com-
plex challenges faced by several industries. The unpredictabil-
ity of the demand for spare parts in conjunction with the dis-
tributed location of clients are main issues dealing with spare
parts [7].

One of the decisions that need to be made on a spare parts
production is considering the location of the production facil-
ities. The production can be centralized, serving the world
from a single place, or distributed, in various locations that
are closer to the final market, being the great challenge to keep
the focus of the factory.

A focused factory as defined by Pesch [17] is a factory with
a limited and consistent set of demands that derive from the
plant’s five Ps. The concept of focus does not mean just re-
ducing the number of tasks performed or products produced. It
is, instead, the homogeneity and the repetition in completing
these tasks that can provide standardize processes [15, 18].

Centralized production facilitates the implementation of
standard processes and procedures and quality assurance. It
comes, however, at the cost of longer delivery lead times,
higher inventory, and higher logistic costs.

On the other hand, distributed manufacturing benefits the
production system by providing greater responsiveness to deal
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with the variety of the spare parts, flexibility, improved effi-
ciency, and higher supply chain reliability [19]. Bringing pro-
duction closer to consumer markets and implementing a tech-
nical solution substantially help the system overcome the de-
mand unpredictability.

Distributed manufacturing challenges are to guarantee stan-
dards and quality in distributed sites transforming an unfocused
manufacturing process by essence on a focused process control
at the central factory. In this context, Industrie 4.0 provides
concepts and technologies that facilitate distributed manufactur-
ing once that productivity increases in proportion to the velocity
of the information is carried in the process [15, 20, 21].

2.2 Advanced manufacturing

All previous industrial revolutions, triggered by the advent of
technical developments, led to profound changes in society
and massive gains in productivity [22]. In the late eighteenth
century, manufacturing was mechanized by steam power. In
the late nineteenth century, production was marked by electri-
fication and division of labor. Starting from the 1970s up to
now, the third industrial revolution has been characterized by
rapid advancements in Information Technology (IT), electron-
ics, and digitalization, which automated manufacturing pro-
cesses [20]. The adoption of AMT in connected environments,
creating smart factories, is triggering a new industrial revolu-
tion enabling the receiving of different information from var-
ious sources and producing items that are more complex in a
reduced time [20, 23].

Advanced Manufacturing Technologies are computer-
assisted technologies used by industrial companies to produce
their products [24, 25]. The term AMT can be described as a
group of technologies used to control and monitor
manufacturing activities (storing and handling data) being ca-
pable of increasing efficiency and efficacy of the adopting
companies [26–30].

The characteristics of AMT applied in a connected environ-
ment, which are culminating in the recently fourth industrial
revolution, have been captured in the research initiative
Industrie 4.0 as part of the High-Tech strategy of the German
government [20]. To implement Industrie 4.0 solutions, a suit-
able information and communication technology (ICT) infra-
structure is mandatory. This enables to network people, re-
sources, and machines in cyber physical production systems
(CPPS) as well as highly flexible production environments [2].

Connected environments, provided by Industrie 4.0, con-
sider the production of more individualized products without
stopping the production for setups, as customers will be di-
rectly connected to the production planning via a network
[20]. Production sites are becoming rapidly adaptive while
remaining economically productive. This situation enables to
decentralize production—through autonomous tasks based on
CPPSs [2], improved quality control [3–5], and reduced

inventories [4]. Smart factories will be networked in cross-
company collaboration, sharing relevant information to a da-
tabase and thus creating a dynamic environment [20].

AMT are usually classified according to the developed
function in the manufacturing process. The three most cited
in the literature are design technologies, manufacturing tech-
nologies, and management technologies [4, 26, 31]. One of
the manufacturing technologies that enables the individual
production of complex parts is Additive Manufacturing
(AM) [32]. The dissemination of AM is having a great impact
on the production. At first, it was applied mainly to
prototyping, but nowadays it can be applied to produce differ-
ent final parts, including airplane engine components [33].

The main advantage of AM is producing complex shapes
in small lot sizes [34]. Besides, depending on the production
system, it may contribute to reducing the time-to-market and
material savings [35]. These have a relevant meaning to
Industrie 4.0 as they provide the opportunity of individualized
production [36].

Another important impact of the adoption of AMT is the
change in work organization. AMT reduces the work in prog-
ress, integrates informational systems in different activities,
and improves worker force, changing coordination efforts
and affecting the production system [8].

2.3 Organizational structure and implications

Work organization is based on the similarity of activities.
Employees dealing with similar requirements should be
grouped in the same division, creating interdependencies in
different activities at the same plant [10, 37].

The greater interdependence between two tasks implies
greater returns to integrated coordination. However, an in-
crease in the number of interdependent relationships implies
more coordination responsibilities for the managers once the
more complex the task system, the more difficult it is for
individual managers to handle the constraints on their cogni-
tive capacity. Employees carrying out interdependent tasks
must engage in ongoing communication to understand the
factors affecting each other’s decisions and to track the deci-
sions that are made [10, 38].

The production system involves the transfer of infor-
mation and decisions as well as materials; it is therefore
a richer representation of the company as a system of
interdependent tasks [9, 10]. Recent research has fo-
cused on the relationship between adoption of AMT
and overall operations [39, 40]. However, the literature
does not cover the changes brought by distributed
manufacturing. The challenge that remains with distrib-
uted production is to implement communication and in-
tegration technologies that reduce the coordination effort
and provide a focused factory [7].
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3 Research methods

This paper simulates the use of AM technologies to produce
spare parts in a distributed environment [11, 12, 23]. The applied
research approach is based on designing, implementing, and
testing a distributed manufacturing of spare parts experiment
in different levels of integration between the central factory
and the distributed site. This experiment focuses on the organi-
zational and business process aspects of the distributed produc-
tion environment. The objective is to discuss organizational
changes and its implications of a distributed manufacturing ap-
proach. Four different use cases were implemented and simulat-
ed, considering different levels of decentralization [11].

In the first use case, conventional distributed production is
simulated. The central factory has little influence on the
manufacturing process at the distributed site, sending the pro-
duction requests and the corresponding product data model (in-
tellectual property) to be produced. The distributed site receives
the information, sets up the machine, and starts the production.
All the machine parameters are defined by the distributed site,
and only a final report feedback is sent to the central factory.

In the second use case, the central factory has more control
over the production parameters by remotely monitoring the
process, but without having influence over the process. Any
deviation from the expected parameters has to be solved by
the local team at the distributed site. The monitoring of the
manufacture parameters occurs through integrated machine
sensors, and the relevant data is automatically sent online to
the central factory via the Internet. The environment parame-
ters are monitored through temperature sensors and acceler-
ometers and are also send to the central factory.

In the third use case, the central factory has the control over all
the production parameters, including quality reports. The moni-
toring in this use case is similar to the previous one, using the
Internet and integrated machine sensors for machine monitoring
with real-time requirements, and the temperature sensors and ac-
celerometers tomonitorenvironmentconditions.Forqualitycon-
trol, thecentral factorycanfollowtheinspectionprocessinavideo
conference procedure. Considering the change in the control sit-
uation, there is no longer the need for decisions based on quality
control at the distributed site. The decisions on continuity or dis-
cardaremadebythecentral factory,consideringthedatacollected
by sensors on the distributed site.

The fourth use case represents the increased connection
between the central factory and the distributed site. The central
factory has full access to the monitored data and can autono-
mously conduct and control the production.With this, a cyber-
physical production system is implemented. The production
information is sent over the Internet from the central factory
directly to the machine on the distributed site. The distributed
site has no control over the machines or what is being pro-
duced. It is only responsible for setting up the machine and
preparing the component for the quality control.

The experiment was implemented at a central factory lo-
cated in Germany and a distributed site in Brazil. This exper-
iment is part of a broader research project within the research
collaboration framework in manufacturing called
BRAGECRIM (Brazilian–German Collaborative Research
Initiative in Manufacturing Technology).

The experiment consists of the production of the bottom of
a pneumatic cylinder (Fig. 1). This part is a standard item
already used at the Center for Industrial Productivity (CiP)
located at Technische Universität Darmstadt. Simplifications
were made to the model to facilitate AM production with the
equipment available and to avoid intellectual property issues,
as the part used at CiP is real. The bottom of the pneumatic
cylinder was selected as it fulfills the needed characteristics to
be manufactured within a distributed AM process with ade-
quate size, complexity, and value.

This is a 1-year research conducted in two different exper-
iment sets implemented in 2015 and 2016. The main differ-
ence between these two sets of experiments is the use of an
automatically quality control process on the second experi-
ment aiming at giving greater control to the central factory.

The experiment was based on low-cost AM and communi-
cation technologies, as the main objective of the project is to
analyze organizationally and process impacts in different use
cases [11, 12]. A low-cost FDMmachine was used. The com-
munication technologies were based on low-cost sensors,
Arduino, and a Raspberry Pi, besides open-source software,
creating a connected environment using the Internet.

4 Experiment description and analysis

The experiment of distributed manufacturing of spare parts
was implemented in four different use cases. Every use case
represents an increase on the independence of the central fac-
tory comparing to the previous one, represented by the differ-
ent activities developed at the sites. Besides, all use cases
possess the twelve activities described in Table 1, varying
the location that the activities are realized.

Use case 1, Regular Production, represents the current
stage of the manufacturing process of spare parts. The central
factory is responsible for designing the component and receiv-
ing the request for the production of a spare part. The distrib-
uted site is responsible for receiving the request and

Fig. 1 Bottom of a pneumatic cylinder from CiP [41]
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coordinating the production—defining the scheduling, gener-
ating the manufacturing files, etc.; manufacturing; and sharing
the final feedback of the component—being delivered or
not—via a PLM software. Figure 2 represents the file ex-
change interface.

The central factory is structured in three departments re-
sponsible for defining product specifications, product design,
and processing customers’ request for manufacturing. They
are interdependent activities that need to be close to each other
to reduce the decisions time. The distributed site is structured
in manufacturing and quality control, both centered on a co-
ordinator responsible for sharing the information with the cen-
tral factory. Manufacturing and quality control are interdepen-
dent activities that can be performed distant from the design
department.

Use case 2, 3D model independence, represents a small
evolution on the independence of the central factory and the

intellectual property risk. In this use case, central factory con-
tinues to be responsible for conceiving and designing the com-
ponent. To the attributions of the central factory, the process-
ing of the manufacturing files is added, once only the machine
code is sent to the distributed site. The central factory is also
responsible for monitoring the process remotely, see process
condition monitoring—part I (Table 1). Figure 3 presents a
view of the control screen from the central factory. The dis-
tributed site must schedule the production, prepare the ma-
chine, and ensure the communication between the sensors
and the central factory. Besides, it must realize the quality
control tests and approve or reject the component, sending
the feedback to the central factory.

The central factory gets one more department, the
manufacturing department, responsible for processing the
manufacturing files and monitoring the process conditions
and parameters. The distributed site has a structure to plan the

Table 1 Activities developed during the scenario

Activities developed during the scenarios Activity details

1. Define product specification Define the main attributes of the product.

2. Define product design Design and create a 3D model of the product.

3. Process customer order for spare parts Receive the customer request for spare parts and authorize the production.

4. Define production planning and control Plan and schedule the production considering the machine line and the amount of components
that need to be manufactured.

5. Process manufacturing files Convert the 3D model files into manufacturing files.

6. Supply of raw material Supply the machine with raw material.

7. Setup the machine Setup the initial conditions of the machine—temperature, platform inclination, connection
conditions.

8. Monitoring of production process condition—part I Monitoring the process conditions and parameters—machine temperature, environment
temperature, vibration, and visual inspection.

9. Monitoring of production process condition—part II Act during any abnormality of the process—unpredicted stop of the production.

10. Perform quality control Process quality control process.

11. Perform part approval Approve or refuse the component.

12. Perform machine maintenance Conduct machine maintenance procedures, including preventive and corrective maintenance.

Fig. 2 PLM interface
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production, a structure to control the production, and a structure
to perform quality control analyses. The existence of distance
departments of planning and controlling creates a coordination
and communication risk, once these two activities are deeply
correlated. Besides, the distance between the quality control
and the manufacturing monitoring increases the difficulty of
correlation between the errors and the machine conditions.

Use case 3, production independence, is the novelty of the
distributed manufacturing of spare parts. In this use case, the
control of manufacturing process is transferred from the dis-
tributed site to the central factory. The central factory is

responsible for manufacturing the component even away from
the physical machine. Figure 4 represents the independence of
the central factory. The distributed site is responsible for act-
ing on any abnormality of the machine and performing the
quality control process. However, the approval of the compo-
nent is a responsibility of the central factory, which receives
the quality control via PLM software and decides the destiny
of the produced component.

The manufacturing department of the central factory is now
responsible for planning the production and integrating the
process monitoring with the new manufacturing of

Fig. 3 View of the control
screens from the central factory

Fig. 4 Independence of the
central factory—screen of control
only accessed at the central
factory
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components. However, the quality control process remains at
the distributed site, maintaining the challenges of communi-
cation and decision as described in the use case 2.

Use case 4, quality control independence, represents the
independence of the controlling and decisions on the
manufacturing process. The central factory is responsible for

Fig. 5 Automatically quality control—measuring

Fig. 6 Automatically quality control—sheet
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all the activities that can be remotely controlled. Therefore, it
is liable for creating the model, planning the production, pro-
cessing the manufacturing files, monitoring the process con-
ditions, and realizing the quality control process remotely.

The quality control process is based on image recognition.
The distributed site is responsible for uploading the pictures
and the central factory for choosing the dimensions to be mea-
sured. Figure 5 is showing how a dimension is measured by
the central factory at the developed interface. The central
factory’s user selects the dimension to be analyzed and gets
the dimension of the component based on the dimension of a
control component. Figure 6 represents the quality control
sheet and the interface that appears to the central factory.

The central factory is structured in three departments: de-
sign and elicitation—continuing the activities developed at
use case 1; manufacturing—responsible in creating the
manufacturing files, planning the production, and monitoring
the process; and quality control—responsible for approving or
rejecting the component. The distributed site now works only
with one department, setting up the machines and acting in
case of any abnormality. With the movement of the activities
to the central factory, the interdependent activities are together
and the manufacturing of a component can be controlled by a
specialized department of the central factory.

In possession of the description of the use cases (Table 2), it
is possible to define the activities that were developed at the
central factory, the activities that were developed at the dis-
tributed site, and the intellectual property issues evolved on
every use case (see Table 3).

The four different use cases evolve in the direction of in-
creasing the independence level of the central factory compar-
ing to the distributed site. This is reflected by the factor
central/distributed at Table 3 that increases with the develop-
ment of the use cases. Besides, it shows an increasing on
intellectual property protection and on the use of sensing
technology.

5 Dependence level evolution

To analyze the supply chain of production, it is necessary to
consider a requirements mix between adopted technology, de-
sirable quality, production, and market [14]. The requirement
mix can be characterized by the five Ps previously presented
in Section 2.1 [15].

The experiment of distributed manufacturing of spare parts
was implemented in four different use cases. All use cases
possess the twelve activities described in Table 1 that can be
related to the 5Ps. Being the first tasks related to product
design and customers’ request (activities 1–3), and the other
activities related with how the partnership, the plants, the pro-
cess, and the control are handled during the experiments. T
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The greater interdependence between two tasks implies
greater returns to integrated coordination. Employees carrying
out interdependent tasks must engage in ongoing communi-
cation to understand the factors affecting each other’s deci-
sions and to track the decisions that are made [10, 38]. The
production system involves the transfer of information and
decisions as well as materials; it is, therefore, a richer repre-
sentation of the firm as a system of interdependent tasks [9,
10]. Therefore, when moving out of the product P to the other

Ps in a distributed scenario changing the locations of the ac-
tivities—as developed in this paper, a high communication
process is requested as related in Fig. 7.

From Table 3, it is possible to infer that the number of activ-
ities that are developed at the central factory increases on every
use case. Use case 1 (Regular production) starts with three ac-
tivities developed at the central factory—related to the product
design and specification and the customers’ requirements—and
all other activities taking place at the distributed site.

Central factory 
coordinator

Distributed site 
coordinator

Supply of raw 
material

Setup the machine 

Perform machine 
maintenance

Design

Define product 
design

Define product 
specifica�on

Manufacturing

Define produc�on 
planning and 

Process 
manufacturing files

Monitoring of 
produc�on process 

condi�on - part I

Monitoring of 
produc�on process 
condi�on - part II

Perform quality 
control

Perform part 
Approval

Process customer 
order for spare 

parts

Focused
ac�vi�es 
and parts

Distributed site

Central factory

Central factory 
coordinator

Distributed site 
coordinator

Define produc�on 
planning and 

control

Process 
manufacturing files

Supply of raw 
material

Setup the machine 

Monitoring of 
produc�on process 

condi�on - part I

Monitoring of 
produc�on process 
condi�on - part II

Perform quality 
control]

Perform part 
Approval

Perform machine 
maintenance

Define product 
specifica�on

Define product 
design

Process customer 
order for spare parts

Distributed site

Central factory

Quality control independenceRegular production

Fig. 8 Organizational comparison

Fig. 7 Use cases comparison
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Use case 4 (Quality control independence) on the other
hand creates focused groups working on design, manufactur-
ing, and order control. All the monitoring activities are trans-
ferred from the distributed site to the central factory—trans-
ferring the control to the central factory, only the physical
production remaining at the distributed site. The interdepen-
dence between the manufacturing and monitoring processes is
solved with a communication system providing real-time con-
trol of the machines so that a no specialized distributed factory
can be controlled by a central factory that possesses the
knowledge to produce the components.

Figure 8 presents a comparison between use case 1 and use
case 4. At this figure, it is possible to visualize that the actual
control of use case 4 is at the central factory while the distrib-
uted site is only responsible for taking care of the machine.
Also, at use case 1, the distributed site is responsible for all the
manufacturing activities, being the central factory responsible
only for the design of the product. Therefore, the manufactur-
ing activities are developed by people distant from the design.

The communication process must be robust enough to deal
with the amount of requests and information that is generated
during the development of the manufacturing process. At the
development of this paper’s scenarios, an overloaded network
was used for communication proposes. The conditions of the
network harmed the development of use cases 3 and 4 once
the request for manufacturing and the manufacturing monitor-
ing were interrupted many times.

The challenge with distributed production is therefore re-
solved with a communication and integration technologies
reducing the coordination effort and creating distributed fo-
cused factories—with flexible production systems at distrib-
uted site (providing variability) controlled by focused divi-
sions at the central factory (providing supply chain control).

6 Conclusions

Spare parts manufacturing and in-time provision are complex
challenges faced by several industries. The unpredictability of
the demand for spare parts in conjunction with the distributed
location of clients are main issues dealing with spare parts [7].

Production sites are becoming rapidly adaptive while re-
maining economically productive. This situation enables to
decentralize production—through autonomous tasks based
on cyber physical production systems [2], improved quality
control [3–5], and reduced inventories [4].

Industrie 4.0 aims at improving value chains and value-
added networks in industry to ensure industrial competitive-
ness. Key challenges are the integration of seamless digital
workflows throughout the product lifecycle, development of
highly flexible and adaptive manufacturing processes, and
capabilities to manufacture individualized products at the
price of mass production [1]. However, the distribution of

the production by the adoption of AMT raises problems
in the information exchange, communication, and con-
trol between the production sites, changing the work
organization [8].

By the development of the experiment, the organizational
structure is changed. It gets more complex at the central fac-
tory (with three departments controlling the design, the
manufacturing, and the quality control) and less complex at
the distributed site. At the central factory, the coordination
depends heavily on integration and communication technolo-
gies providing real-time manufacturing data for supply chain
control. At the distributed sites, flexible production systems
controlled by focused divisions at the central factory provide
production variability. However, for future research, it is rec-
ommended to analyze the assembly of the components and
other relations between the central factory and the distributed
site, especially at the communication aspect.
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