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Abstract

Resilience, agility, and flexibility are considered key factors in maintaining the long-term competitiveness of manufacturing companies. In ad-
dition to assembly and production systems that offer a high degree of reconfigurability, the intelligent design and implementation of the change
management process is an important prerequisite for this. In this context, the identification of the affected employees and departments during
change initiation, planning, and implementation is necessary to ensure the consideration of all relevant perspectives on the intended change, e.g.
concerning the resulting change effects. Especially in medium-sized and large companies, this is complicated by a multidimensional division of
tasks and responsibilities. Therefore, this paper presents a methodological support for stakeholder identification in Manufacturing Change Man-
agement. Through an extensive literature research and several expert interviews, relevant dimensions for the description of technical changes and
the responsibilities of employees are defined. Based on this, the entire approach is described from the initial modeling of the company’s internal
organizational structures to the application and interpretation of the results. The evaluation and validation were carried out in cooperation with
a globally operating mechanical engineering company in southern Germany. Five different use cases, including the redesign of several assembly

workplaces, were analyzed and evaluated through expert interviews.
© 2022 The Authors. Published by Elsevier Ltd.
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1. Introduction

The adaptability of factories and production systems is con-
sidered as a key factor in research for the long-term and eco-
nomically successful persistence of manufacturing companies
[25, 20]. External factors, such as legislation or customer re-
quirements, and internal factors, such as the factory life cycle
or continuous improvement processes, lead to a permanent need
for change. Manufacturing Change Management (MCM) de-
scribes the process by which changes in factories can be imple-
mented in a structured and efficient manner. It can be defined
as ’the organization and control of the change process in a fac-
tory, which comprises the totality of measures for avoiding and
selectively bringing forward as well as efficiently planning, se-
lecting, handling and controlling manufacturing changes” [12].
An important step within the process is the identification of
the affected stakeholders, whether at the departmental level or
the individual or corporate role level [12]. Failure to involve
affected stakeholders may result in missing information and
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poor communication, thus leading to underestimated changes
and wrong decisions [4]. This carries the risk of high finan-
cial outlays and production delays [16]. However, although ex-
isting works emphasize the importance of stakeholder identi-
fication (SI), there is no systematic support that addresses the
large variety of technical changes. In current industrial prac-
tice, SI is mainly performed based on the experience of the
change coordinator [23, 21], which is a problem especially in
the case of employee turnover. In addition, SI is complicated
in medium and large companies by a multidimensional distri-
bution of tasks and responsibilities, e.g. across different plants
and products. Therefore, this contribution aims to present a
company-independent approach to systematically support SI of
manufacturing changes (MC) at an early stage of MCM.

The remainder of this work is structured as follows: Chapter 2
provides an overview of the current state of research and the
resulting need for action. Chapter 3 presents relevant descrip-
tion dimensions of stakeholders and MC. Chapter 4 describes
the entire approach, starting with the initial information collec-
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tion and ending with the interpretation of the obtained results.
Chapter 5 presents the results of an initial industrial application
and evaluation at a global engineering company. The paper ends
with a summary and an outlook on future research activities.

2. State of the art

Relevant preliminary work was identified by a structured lit-
erature search according to Jahangirian et al. [9]. As part of
this two-step approach, which considers both backward and for-
ward searches, several literature databases (including Scopus,
Google Scholar, and IEEE) and scientific journals were ana-
lyzed. Relevant prior work was divided into approaches for the
systematic description of MC and approaches for stakeholder
identification in change management.

2.1. Relevant preliminary work

Multiple authors have already presented description mod-

els for technical changes. In particular, with regard to the sys-
tematic description of product changes, commonly referred to
as Engineering Changes (EC), numerous approaches have al-
ready been presented [e.g. 10, 27, 1]. In contrast, only a few
approaches deal with the systematic description of MC [e.g.
2, 20, 25]. The most comprehensive description model was
developed by Koch [12], which combines the previously pub-
lished approaches to describe MC and EC. In total, 20 general
and 35 specific attributes were presented, which can be cate-
gorized as specification, characterization, and coordination &
evaluation. However, a systematic use of these attributes for
SI has not yet been described. This is partly due to the fact
that some of the attributes mentioned so far are not sufficiently
detailed. E.g. the attribute “Localization” is considered as an
aid for the “’selection of specific employees, teams or responsi-
ble persons within the various departmental functions”, but not
specified further [12].
Only a very limited amount of preliminary work provides sup-
port for SI in technical change management. Some data-based
approaches analyze the relationships between process partic-
ipants [17] or provide direct decision support on which rele-
vant departments to contact [23]. However, these approaches
rely exclusively on historical change data, which cannot pro-
vide support in all cases due to the often novel nature of a
change. Koch [12] uses the defined attributes and provides gen-
eral guidance on which departments to contact in which cases
based on a literature review and industrial case studies. There
is no company-specific adaptation or consideration of the char-
acteristics of the attributes (e.g. financial impact: low, medium,
high). Therefore, the provided support is too general to consider
the multidimensional division of responsibilities between stake-
holders, e.g. with regard to different plants, products, or pro-
duction areas. This results in an imprecise and error-prone SI.
Furthermore, like the data-driven approaches mentioned above,
the approach is limited to the identification of affected depart-
ments. Support for the identification of affected persons, roles,
or teams within departments has not been considered so far.

2.2. Shortcomings

The presented overview of relevant preliminary work shows
that existing process models include the step of SI and empha-
size its importance, but a systematic support of SI within MCM
for industrial practice is missing. Existing approaches only pro-
vide very general indications on SI which do not the allow the
adaption to individual companies. Therefore this work aims to
provide a systematic support for SI in the early phases of MCM.
To achieve this, three central goals shall be achieved. First, rel-
evant dimensions of change description are identified and fur-
ther detailed, enabling a systematic alignment between MC and
the distribution of responsibilities within the company. Subse-
quently, the information obtained is used as a basis for the de-
velopment of a holistic method for SI, covering all steps from
the initial information collection to the interpretation of the re-
sults. The final step of this work aims at evaluating the industrial
applicability based on real industrial use cases.

3. Description of responsibilities for stakeholder identifica-
tion

In this section, all relevant dimensions for modeling the dis-
tribution of responsibilities relevant for MCM are presented.
These dimensions describe the characteristics (e.g. urgency or
cause) and also the spatial and organizational localization (e.g.
affected departments or plants) of a change. The systematized
description of responsibilities is the basis of the developed ap-
proach, as it is later compared with the characteristics of new
changes, which are described according to the same scheme.
In the first subsection, the research procedure for identifying
and validating the description dimensions is presented. Subse-
quently, all dimensions and the corresponding sub-dimensions
are described in detail.

3.1. Approach

The basic motivation for the matching between the respon-
sibilities of the employees and the MC is derived from the con-
cept of task analysis and synthesis [13]. According to this con-
cept, the overall task of a company, e.g. the development and
manufacturing of physical products, is divided into sub-tasks
until concrete activity profiles are achieved. Stakeholder’s re-
sponsibilities can therefore be described in their totality with
the gathered dimensions. The initial collection of potentially
relevant dimensions was conducted as part of a systematic lit-
erature review according to Jahangirian et al. [9]. After the
literature-based research and collection of dimensions, a val-
idation was carried out. For this purpose, nine experts from
the fields of product development and production engineering
were interviewed using semi-structured interviews, as proposed
by Galleta [7]. The experts were selected from the employees
of the application company and the industrial contacts of all
authors. It was ensured that all interviewees have experience
in change management or related areas. Table 1 provides an
overview of the experts and their roles in the companies.
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Table 1. Participants of the expert interviews

Industry Position

Mechanical Engineering
Automotive Supplier
Engineering Consultancy
Mechanical Engineering
Automotive Manufacturer
Automotive Supplier
Mechanical Engineering
Mechanical Engineering
Medical Technology

Project Leader Production Engineering
Project Leader Technical 3D-Design
Project Leader Technical 3D-Design
Process Planning Engineer

Change Manager

Technical 3D-Design

Director Production Engineering
Project Leader Production Engineering
Leader Process Development and
Change Management

3.2. Dimensions

The conducted extensive literature research with a subse-
quent expert validation by means of a semi-structured inter-
view delivered a total of eight dimensions. The industry experts
confirmed the selection derived from literature. All dimensions
were considered relevant, albeit with varying degrees of impor-
tance. They are presented individually in the following:

Change Causes: Change causes in MCM can be classified
in Manufacturing, General Occurrences and Product Devel-
opment [12]. The category Manufacturing deals with the fac-
tory life cycle, complications, and MC themselves. General Oc-
currences comprise changes of regulation, technologies, busi-
ness operations, Kaizen, and procurement. Product Develop-
ment refers to the product life cycle, failures and mistakes dur-
ing product development, and EC themselves. If necessary, the
causes can be further specified by the company when adopting
the approach. For example, the dimension Complications could
be expanded to include a specification of the Key Performance
Indicators (KPI) concerned.

Change Impact [18, 23]: This dimension describes the di-
rect and indirect effort related to the implementation of a MC. It
encompasses the sub-dimensions change cost and available or
needed time for change implementation. These sub-dimensions
allow estimating the intensity of the produced change impact.
The change impact can also be reflected in relevant KPI of a
company.

Change Complexity: The complexity of a MC is com-
posed of the sub-dimensions interconnectedness in the pro-
duction [20, 16], change requirements, change challenges and
change risk. Interconnectedness describes the energy, informa-
tion, and material flows within the production plant of the af-
fected change object [16]. The change requirements comprise
technical [19], layout and human requirements [14]. Technical
requirements comprise all technical aspects of MC [8]. Human
requirements deal with the fulfillment of employee require-
ments in the workplace. Some examples are ergonomics and
motivational aspects [14]. While the challenges related to the
MC depend on the degree of novelty of the change, the risk of
the MC estimates the consequences of a wrong decision, e.g.
production delays or dangers for the employees[1].

Change Propagation: It describes “’the process by which a
change to an existing system design triggers at least one ad-

ditional change to the system or any associated activity, inci-
dent, or deliberate decision within the engineering system en-
vironment, that would not have been otherwise required” [18].
A technical change could lead to other changes at the product
or process level [23]. The propagation of a MC could be avail-
able either in the form of the probability of propagation or the
number of additional changes created.

Structural Organization: This dimension comprises the
way a company is organizationally structured as defined by
Wiendahl [24]. Companies are often structured hierarchically,
which leads to organizational units or departments. The activi-
ties of a company are carried out by the employees, which are
part of an organizational chart. It allows to identify the loca-
tion within the organizational chart to which the stakeholders
belong, thus identifying the production or assembly part they
work at, the department, sub-departments all the way to project
team, which they belong to. Information about the position of
the employees within the organizational chart fosters a more
transparent responsibility allocation in companies with com-
plex organizational structures.

Roles [12]: A role describes a responsibility for thematically
related activities with similar complexity. They can be indepen-
dent of the given organizational structure of the company, i.e. an
employee with a specific role can perform cross-departmental
activities. The existing roles (e.g., lean manager) are therefore
one way of clearly assigning the responsibilities of those in-
volved. Therefore, this dimension was considered relevant by
the experts in addition to the organizational structure. However,
the roles in change management (e.g., Change Agent) or gen-
erally applicable roles such as the RASCI roles (Responsible,
Accountable, Supported, Consulted and Informed) [3] are not
taken into account here, since responsibility profiles can be cre-
ated for these roles, but there is no added value in integrating
them directly into the description schema.

Function [13]: It allows to grasp and comprehend the dif-
ferent activities carried out in the company, specifically in the
context of production and assembly, that are affected by an MC.
The execution of these tasks is defined by a set of sub-tasks, that
become functions as soon as they are assigned to stakeholders.
The execution dimension comprises all activities on an oper-
ative level that keep an enterprise functioning. These include
activities from assembly [28, 15, 26], production technologies
described and defined by DIN8580 [5], activities within logis-
tics [26], change management related activities [12] and change
implementation activities [6, 16]. Moreover, functions or activ-
ities carried out simultaneously by the stakeholders are con-
sidered by this dimension, for example, product development
activities and quality management activities done by the same
stakeholder.

Resource View [22]: By identifying the physical place in
which a MC takes place, as well as the affected products and
manufacturing equipment, this dimension localizes the MC.
The resource view follows on the one hand an incremental view
of the product starting from its separate parts all the way to its
product family [23] and on the other hand, a plant hierarchy,
starting from the plant and going all the way down to a single
working station [25].
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4. Method for stakeholder identification

The proposed stakeholder identification method was system-
atically developed following the four phases of software devel-
opment as proposed by Kleuker [11]. First, the requirements
were defined based on relevant literature and several discus-
sions with the experts of the application partner (see Chapter
5.1). Subsequently, the rough and fine conception of the method
took place in an iterative procedure that included feedback from
the application partner. The final implementation took place in
the form of a VBA-based tool for Microsoft Excel. The result-
ing method consists of three main modules: the initial collection
of information to describe the distribution of responsibilities,
the systematic description of MC, and the comparison of these
two inputs to identify the relevant stakeholders. The initial col-
lection of information provides the basis for the developed ap-
proach as it results in a morphological box that graphically cap-
tures the dimensions considered as relevant by the company for
the description of the responsibilities of the employees. These
dimensions are then used by the employees to model their re-
sponsibilities, creating individual Change Responsibility Pro-
files (CRP). The morphological box is again used in the second
module for the systematic classification of new MC. The third
module compares the characteristics of the MC against the gen-
erated CRP and determines the degree of similarity, indicating
the likelihood of the person or role being a relevant stakeholder.

Description of Responsibilities
+  Company Perspective
»  Employee Perspective

I I
¥

Description of MC

Stakeholder Identification

Fig. 1. Overview of the developed approach

4.1. Description of Responsibilities

This module of the method is composed of two main phases:
the capturing of the company and the employee perspective.
In the company perspective, the company first analyzes and
chooses the change dimensions which are relevant for SI in
their MCM. Afterwards, the company defines the different lev-
els or elements pertaining to each dimension, thus setting the
granularity. The selection of dimensions and granularity should
be carried out during a workshop with several employees from
different departments and phases of the MCM, as this ensures
the necessary general overview. In addition, the reasons for
the selection should be carefully documented to ensure later
traceability and update-ability. The company could for example
choose the dimension change costs and define its granularity
with three levels: low, medium, and high costs. These granular-
ity levels could then be complemented with a quantitative value.
The output of this perspective is a morphological box contain-
ing the dimensions selected as well as the defined granularity in

form of levels or elements of each dimension.

In the employee perspective, the elaborated morphological box
is used to graphically represent the distribution of responsibil-
ities. Each employee chooses the dimensions and levels which
best describe their responsibilities according to the roles taken
up by their position. The employees have the possibility to
chose critical elements of a dimension. If these elements are af-
fected by MC, the employee is directly identified as a relevant
stakeholder. E.g. if a stakeholder wants to be contacted in all
changes affecting the milling processes, he could choose this as
a critical element in his CRP. Any specified combination should
at least have two dimensions, otherwise, the selection is directly
considered as a critical dimension and no meaningful quantifi-
cation of the match between change description and CRP can
take place. The main difference between this module and the
other two is the frequency of execution. Since this module pro-
vides the information basis for the execution of the approach,
it is carried out only once when the approach is introduced in
the company. However, a change in an employee profile or in
the design of the dimensions may necessitate an update. The
other two modules are used for the actual SI and are therefore
repeated for each new change.

4.2. Description of Manufacturing Change

In the second module, new MCs are systematically described
using the dimensions specified in module 1. Thereby all dimen-
sions and elements are selected which apply to the change. The
necessary information should be collected by the change coor-
dinator or qualified employees. However, it is important to em-
phasize that some of the information required for this purpose
is already captured as standard in the majority of manufactur-
ing companies. This information is the basis for the matching
between the characteristics of the MC and the responsibilities
of the employees, which represents the third part of the method.

4.3. Stakeholder Identification

This module addresses the matching of the responsibility
profiles of the employees with the characteristics of the MC.
The degree of similarity is used as a key indicator of the rele-
vance of a stakeholder. It is calculated by dividing the number
of matching elements between the change description and the
responsibility profiles by the total number of selected elements
of the change description. If a path containing only two ele-
ments is affected by the MC, the person is directly identified
as a stakeholder. In addition, a person or role is also directly
determined as a relevant stakeholder if a critical dimension he
or she has selected is affected by the change. As a final result,
this module provides a list of potentially relevant stakeholders
sorted by the degree of match between MC and responsibility
profile or the critical dimensions concerned.

5. Industrial application and evaluation

The evaluation of the method was carried out at a globally
acting German mechanical engineering company. Inspired by
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the Design Research Methodology, it is divided into an applica-
tion evaluation and a success evaluation. The application evalu-
ation focuses on the assessment of whether and how well the
method was applicable in the case under consideration. The
success evaluation, on the other hand, assesses the quality of
the results and checks whether they help to solve the originally
addressed problem.

5.1. Description of Responsibilities

The initial collection of information took place in the course
of three interviews with leading executives from the areas of
production engineering, manufacturing development, and work
preparation. The total time required was about 3 hours, with
a major part of the time spent on information gathering. Ten
change dimensions were selected as relevant for the identifica-
tion of stakeholders, including affected production process and
change risks. These dimensions were then expanded to include
corresponding categories. For example, for "Change Risk,” the
levels ”low,” "medium,” and “high” were added. Fifteen em-
ployee CRP were obtained, and it was separately indicated in
which cases which RASCI role was relevant. The employees
also had the option of specifying critical dimensions and two-
level links between dimensions (e.g. affected production pro-
cess: milling AND change costs: high). The profiles were col-
lected in individual interviews that lasted about 20 minutes. Fig-
ure 2 shows an exemplary CRP.

5.2. Evaluation

The method was applied to five actual change scenarios.
The first scenario involved the installation of an articulated arm
robot to replace multiple manufacturing stations. In the second
scenario, an existing production technology (poking) is to be
replaced by roller peeling. In the third scenario, a new pro-
duction line is integrated into an existing plant. In the fourth
scenario, the implementation of a new product variant is ad-
dressed, and in the fifth scenario, the modernization of an as-
sembly line takes place. For all application scenarios, expert
employees conducted a change classification according to the
defined dimensions and elements which took about five min-
utes per scenario. A systematic comparison with the CRP was
used to determine the potentially affected employees and roles.
Figure 3 shows the result for use case 5. The figure contains
the degree of fit between the RASCI roles and the different em-
ployees, named with the department and employee number (e.g.
Quality 1). For example, the employee “Process 1~ was consid-
ered relevant for the role “Responsible”, since the change af-
fects a critical dimension of his CRP.

The success evaluation and application evaluation were carried
out within the framework of eight expert interviews, in each
case, the results of all five application cases were discussed.
The interviewees then rated 14 statements in a questionnaire
on a Likert scale of 1-5, where 1 means ”Strongly agree” and
5 means “Strongly disagree”. For better interpretability of the
obtained results, the statistical ratios mean () and standard de-

viation (o) are given below. A selection of the most important
statements is presented in Figure 4.

Dimension _|Subdimension Granularity
[}
" Manufacturing >, indi i
Function Process Turning .‘!\‘Mlllng/DrIIIIng Grinding Gear Hobbing
LN
Logisti Inbound A
" ogistic Inboun: S~ y o
Function Process Logistic Repackaglqg S{.o-rslstcck Order Picking
N
.
Structural Company R P A
Organization | Departments Engineering | Work Plannl/gg _Pdrchasmg Assembly
| S
Change Change Client %nical . Spatial Employee
Complexity [ Requirements | Requirements qui >'_1 i qui
\
« »
Resource View| Workstation 100-199 200-299 300-399 400-499

—— Change Responsabilty Profile 1 - Informed

----- Change Responsabilty Profile 2 - Informed

— - Change Responsabilty Profile 3 - Informed
Critical Dimension

Fig. 2. Excerpt of an exemplary CRP

Consulted Fit Informed Fit

Process 1 CD Planing 2 CD
Controlling1  CD Production2 CD

Responsible  Fit

Process 1 CD
Controlling1 CD Process 2 CD
Quality 1 CD Manufacture CD Planing 1 (o] Process 1 CD
Production4 60% Assembly CD Logistic 1 CcD Production4 CD
Production 1 45%  Planing 1 40% Production4 20% Controling1 CD
Quality 1 40% Quality 3 35% Process 1 14% Planing 1 35%
Process 2 20% Quality 2 25% Production3 10% Production3 30%

Support Fit
Process 1 CD

(.:D: Critical Dimellwsion

Fig. 3. Results of use case 5

Application Evaluation 1 2 3 4 5

The components of the approach are clearly and logically .
represented in the tool.

The tool can be used intuitively. —e—

The output of the approach is easy to understand and interpret. —

The approach represents a new way to improve the handling of R
MC and complements current methods in a meaningful way.

Success Evaluation 1 2 3 4 5

The approach supports stakeholder identification in MCM. ro—

The approach is suitable for all kinds of manufacturing changes. —e—

The approach can be integrated into the company's MCM. ——

Good Sl increases the efficiency and effectiveness of MCM. ro—

Scale: 1 - Strongly agree | 2 - Agree | 3 - Neutral | 4 - Disagree | 5 - Strongly disagree

Fig. 4. Evaluation of the developed approach

In the application evaluation, the logical structure of the im-
plemented tool (u = 1.6, o = 0.5) and the ease of interpreta-
tion (u = 1.9, o = 0.6) were confirmed. In addition, the par-
ticipants agreed that the method usefully complements existing
change management methods (u = 1.6, SD = 0.5). In contrast,
the intuitive usability significantly was rated worse (u = 2.6, o
= 0.5), which can be explained by the prototypical implemen-
tation state. Regarding the evaluation of the benefits, the two
main objectives of the approach were evaluated positively. Ac-
cording to the respondents, the method supports the SI in MCM
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(1 = 1.25, 0 = 0.46) and thus enables a more effective handling
of MC (u = 1.25, o = 0.46). The ability to integrate the ap-
proach into the existing change management process was also
viewed positively (u = 1.75, o = 1.0). In contrast, the input of
the information by a single person was criticized (1 = 3.1, o
= 0.6), since a single person often does not have the necessary
understanding of the MC.

6. Conclusion

In this paper, we present an approach that supports the iden-
tification of stakeholders in MCM. It is based on a matching
between the responsibilities of the employees and a systematic
description of new changes. The output is a statement about
potentially relevant employees and roles. The approach was ap-
plied and positively evaluated in collaboration with a German
mechanical engineering company in five application scenarios.
Potential for improvement was identified in the change descrip-
tion, as this is often difficult for a single person to complete cor-
rectly. This should be taken as a motivation for future work to
develop a systematic support for change characterization. His-
torical change data could be considered as a source of infor-
mation [23]. The collection of additional responsibility profiles
and a broader application in industrial practice could be used to
generate a better understanding of optimization potentials and
the cost-effectiveness. Cross-plant use cases should also be con-
sidered to obtain more precise statements about the limitations.

Acknowledgement

The German Research Foundation (DFG) funded this re-
search project. We extend our sincere thanks to the DFG for
its generous support of the work described in this paper, which
results from the Collaborative Research Centre 768 “Manag-
ing Cycles in Innovation Processes - Integrated Development
of Product Service Systems Based on Technical Products”.

References

[1] ABmann, G., 2014. Gestaltung von Anderungsprozessen in der Produk-
tentwicklung: Dissertation. volume 38 of Produktentwicklung. Utz. URL:
http://mediatum.ub.tum.de/?id=1192071.

[2] Aurich, J.C., R6Bing, M., Jaime, R., 2004. Anderungsmanagement in der
Produktion - Am Beispiel der Einfiihrung einer Maschinen- und Betriebs-
datenerfassung. ZWF - Zeitschrift fiir wirtschaftlichen Fabrikbetrieb 99.

[3] Baker, D.A., 2010. Multi-company project management: Maximizing busi-
ness results through strategic collaboration. J. Ross Publ, Fort Lauderdale,
Fla.

[4] Basse, F., 2019. Gestaltung eines adaptiven Anderungssystems fiir einen
beherrschten Serienhochlauf: Design of an adaptive engineering change
system for a stable series ramp-up. volume 2019, Band 22 of Produktion-
ssystematik. 1 ed., Apprimus Verlag, Aachen.

[5] Deutsches Institut fiir Normung, . Din 8580:2003-09: Manufacturing pro-
cesses - terms and definitions, division. doi:10.31030/9500683.

[6] Eichgriin, K., 2003. Prozesssicherheit in fertigungstechnischen Prozess-
ketten: Systemanalyse, ganzheitliche Gestaltung und Fiihrung. volume 46
of FBK Produktionstechnische Berichte.

[7] Galletta, A., 2013. Mastering the semi-structured interview and beyond:
From research design to analysis and publication. Qualitative studies in
psychology, New York University Press, New York.

[8] Hruschka, P., 2014. Business Analysis und Requirements Engineering:
Produkte und Prozesse nachhaltig verbessern ; Thr Weg zur Requirements-
Zertifizierung. Hanser, Miinchen.

[9] Jahangirian, M., Eldabi, T., Naseer, A., Stergioulas, L.K., Young, T., 2010.
Simulation in manufacturing and business: A review. European Journal of
Operational Research 203, 1-13. doi:10.1016/j.ejor.2009.06.004.

[10] Jarratt, T.A.W., Eckert, C.M., Caldwell, N.H.M., Clarkson, P.J., 2011.
Engineering change: an overview and perspective on the litera-
ture. Research in Engineering Design 22, 103-124. doi:10.1007/
s00163-010-0097-y.

[11] Kleuker, S., 2018.
Springer Fachmedien
978-3-658-19969-2.

[12] Koch, J., 2016. Manufacturing Change Management — a Process-Based
Approach for the Management of Manufacturing Changes. Dissertation.
Technische Universitit Miinchen. URL: https://mediatum.ub.tum.
de/1346233.

[13] Kosiol, E., 1976. Organisation der Unternehmung. Die Wirtschaftswis-
senschaften Reihe A, Betriebswirtschaftslehre. 2nd ed., Gabler, Wies-

Grundkurs Software-Engineering mit UML.
Wiesbaden, Wiesbaden. doi:10.1007/

baden.
[14] Lindemann, U., Reichwald, R. (Eds.), 1998. Integriertes
Anderungsmanagement. ~ Springer Berlin Heidelberg, Berlin, Heidel-

berg. doi:10.1007/978-3-642-71957-8.

[15] Lotter, B., Wiendahl, H.P. (Eds.), 2012. Montage in der industriellen Pro-
duktion: Ein Handbuch fiir die Praxis ; mit 18 Tabellen. VDI-/Buch. 2 ed.,
Springer Vieweg, Berlin.

[16] Malak, R.C., Aurich, J.C., 2013. Software Tool for Planning and Analyzing
Engineering Changes in Manufacturing Systems. Procedia CIRP 12, 348—
353. doi:10.1016/j.procir.2013.09.060.

[17] Pasqual, M.C., de Weck, O.L., 2012. Multilayer network model for analysis
and management of change propagation. Research in Engineering Design
23, 305-328. doi:10.1007/s00163-011-0125-6.

[18] Plehn, C.,2017. A Method for Analyzing the Impact of Changes and their
Propagation in Manufacturing Systems. Dissertation. Technische Univer-
sitdt Miinchen. URL: https://mediatum.ub.tum.de/?id=1327302.

[19] Reinhart, G., Lindemann, U., Heinzl, J., 1996. Qualititsmanagement: Ein
Kurs fiir Studium und Praxis. Springer Berlin Heidelberg, Berlin, Heidel-
berg. doi:10.1007/978-3-642-80210-2.

[20] R&Bing, M., 2007. Technische Anderungen in der Produktion - Vorge-
hensweise zur systematischen Initialisierung, Durchfiihrung und Nach-
bereitung. Dissertation. Technische Universitit Kaiserslautern.

[21] Sippl, F., Schellhaas, L., Bauer, H., 2021. Umfrage zum
Anderungsmanagement in der Produktion Status quo, industrielle
Anwendung der Anderungsauswirkungsanalyse und Stand der Digital-
isierung. ZWF Zeitschrift fiir wirtschaftlichen Fabrikbetrieb 116, 208-212.
doi:10.1515/zwf-2021-0047.

[22] Westkdmper, E., 2006. Digital manufacturing in the global era, in: 3rd
International CIRP Conference on Digital Enterprise Technology.

[23] Wickel, M.C., 2017. Anderungen besser managen - Eine datenbasierte
Methodik zur Analyse technischer Anderungen. Dissertation. Technis-
che Universitit Miinchen. URL: https://mediatum.ub.tum.de/doc/
1310063/1310063. pdf.

[24] Wiendahl, H.P., 2010. Betriebsorganisation fiir Ingenieure. 7th ed., Hanser,
Miinchen.

[25] Wiendahl, H.P.,, EIMaraghy, H.A., Nyhuis, P., Zih, M.F., Wiendahl, H.H.,
Dulffie, N., Brieke, M., 2007. Changeable Manufacturing - Classification,
Design and Operation. CIRP Annals 56, 783-809.

[26] Wiendahl, H.P., Reichardt, J., Nyhuis, P., 2014. Handbuch Fabrikpla-
nung: Konzept, Gestaltung und Umsetzung wandlungsfihiger Produktion-
sstéitten. 2nd ed., Hanser, Miinchen.

[27] Wildemann, H., 2021. Anderungsmanagement: Leitfaden zur Kom-
plexititsbeherrschung. 29th ed., TCW Transfer-Centrum-Verl., Miinchen.

[28] Waulf, S., 2011. Bewertung des Einflusses von Produkt- und Technolo-
gieverdnderungen auf die Fabrik. Dissertation. Leibniz Universitdt Han-
nover.

This is a resupply of March 2023 as the template used in the publication of the original article contained errors. The content of the article has remained unaffected.





