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Abstract

Background: The increasing innovation pressure on German car manufacturers leads to a sig-
nificantly higher model and variant diversity whereas model cycles and development times de-
crease. Subsequently, the number of successive series ramp-ups also increases, which bears
technical and economic challenges for the car manufacturers. Meanwhile, the car manufacturers
face late or frequent variations of products and production processes during series ramp-up,
which jeopardize the scheduling targets and a timely market launch and causes millions of dol-
lars in losses. Aims: The aim of this contribution is to determine potential risk factors, which
jeopardise the technical and economic success of a series ramp-up from the perspective of Parts
Maturity Management. Regarding this, another aim is to determine potential negative cause-
effect-relations between the identified risk factors and maturity level violations. This
knowledge shall be used to develop strategic guidelines in order to anticipate or to manage their
negative effects in a more effective way. Method: Surveys, interviews, document analysis and
observations serve the identification of main causes of critical parts in the real-world context of
a German car manufacturer. The knowledge gained is the basis for the development of strategic
and agile-structuring guidelines. Results: The data analysis implies the existence of parts (e.g.
exhaust turbocharger or crankcase), which are critical in every product generation and regularly
jeopardise the project success. Concerning this matter, it has been possible to identify and il-
lustrate five main risk factors and the associated cause-effect-relations. Especially, late or fre-
quent engineering changes lead to maturity level violations during series ramp-up. These
changes do not only influence the product development process but also tool manufacturing-
and supplier contracting-processes. For this matter, five strategic guidelines on how to deal with
late or frequent engineering changes have been developed. Conclusions: Under the challenge
of intensive engineering change management, this contribution was able to show a first indica-
tion of how, even in this highly regulated environment, the systematic use of product knowledge
can be applied to increase the responsiveness of developers in a structured form. The underlying
patterns can be transferred to other application areas.

Keywords: ASD - Agile Systems Design, Automotive Development, PGE - Product Genera-
tion Engineering, Engineering Change



1 Introduction

On the one hand, the globally effective mega trends sustainability, urbanisation, individualisa-
tion and digitalisation put the automotive industry in a tight spot but on the other hand, they
also enable technological and social innovations which lead to entirely new mobility concepts
(Berret et al., 2017; Mogge, Schlick, Daniel, Fritz, & Séndermann, 2019). The resulting inno-
vation pressure leads to a significantly higher model and variant diversity whereas model cycles
and development times decrease (Cornet, 2002). Subsequently, the number of successive series
ramp-ups also increase, which bears technical and economic challenges for the car manufactur-
ers (Nagel, 2011; Schuh, Kampker, & Franzkoch, 2005; Wiesinger & Housein, 2002). Mean-
while, the car manufacturers (OEM) face late or frequent variations of products and production
processes during series ramp-up, which jeopardise scheduling targets and a timely market
launch (Schuh et al., 2005; Wiesinger & Housein, 2002).

This paper examines in-depth the challenges of Parts Maturity Management, which may jeop-
ardise the technical and economic success of ramp-up in the automotive industry. In coopera-
tion with a German OEM, the practical Parts Maturity Management processes during the ramp-
up of an engine have been analysed to gain a deepening understanding of the cause-effect-
relations of critical parts. As a result, five guidelines have been developed based on the
knowledge gained and on principals for agile mechatronic system development. The purposeful
implementation of agile-structuring elements to the Parts Maturity Management processes is
paramount in order to increase the process stability against late or frequent engineering changes.

2 State of the Art

2.1 Parts Maturity Management during series ramp-up

An integrated management of production ramp-ups is necessary regarding the increasing num-
ber of series ramp-ups in less time caused by the increasing model and variant variety. Even a
small postponement of the market launch determines success or failure of a car project (Dom-
browski, Wullbrandt, & Krenkel, 2018; Wiesinger & Housein, 2002). Thereby, the Ramp-up
Management becomes the economic success factor for an OEM concerning Time-to-Market
and Time-to-Volume as well as the controlling of costs, quality and product complexity
(Schmitt, Schuh, Gartzen, & Schmitt, 2010).

The Ramp-up Management includes all measures for planning, steering and executing a pro-
duction ramp-up. The production ramp-up describes the time window from the release of pilot
production until reaching the production peak, the maximum planned production quantity per
time unit. In order to be able to measure and steer the project progress as well as the maturity
levels of products and production processes, synchronization points are planned within the pro-
ject schedule. This approach allows to steer the product quality already from the concept phase
and along the entire product development process (Schmitt & Pfeifer, 2015; Schuh, Stélzle, &
Straube, 2008).

Concerning this matter, the Quality Management defines measurable requirements and targets
for the product and its development process. Quality Gates (QG), Milestones and Maturity Lev-
els are a form of above-named synchronisation points. Thereby, QGs divide the product devel-
opment process into separate phases (Pfeifer, 2014). When a QG is reached, the results of the
subordinate Milestones are evaluated in an aggregated approach and are the basis for planning
the further project course. In this manner, the current degree of fulfilment of the project targets
is confirmed or adjusted. However, a QG prohibits its pass-through until all criteria are fulfilled,
and the next phase can be initiated (Pfeifer, 2014; Schmitt & Pfeifer, 2015). Milestones are
subordinately to QGs and separate these in smaller work packages. They enable a retrospective



validation of work results, which are expected to a defined point in the project schedule. The
aim is to define countermeasures to ensure the project success. Maturity Levels extend the con-
cept of milestone validation. Maturity Levels capture the project progress as a basis for further
escalations within the management hierarchy of a company. For this purpose, evaluation criteria
are defined to evaluate the project risks in order to develop appropriate countermeasures. Based
on this logic, a Maturity Management-model has been developed in the automotive industry
(German Association of the Automotive Industry (VDA), 2009). This model covers the whole
product development process until Start of Production (SOP) (Schmitt & Pfeifer, 2015).
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Figure 1. Maturity levels defined by the Maturity Management-model of the automotive industry
(German Association of the Automotive Industry (VDA), 2009)

Especially, the monitoring and steering of the product maturity level is essential to the overall
project success. A product maturity level is defined as the “... degree of fulfilment of the cus-
tomer’s requirements (customer view) taking into account additional information that results
from the solution approach (engineering view)” (Krehmer & Paetzold, 2008). Thereby, holistic
Maturity Management-models, which go beyond a sole parts management, become essential
due to an increasing product and parts complexity as well as an increasing number of external
development partners (Krehmer & Paetzold, 2008). Such models steer the maturity level by
considering the three dimensions Product, Process and Human (Muller, Bar, & Weber, 2005).
A well-established method to steer the product’s maturity in the automotive industry is e.g. the
Advanced Product Quality Planning (APQP) process. APQP is described as a “... structured
method for defining and executing the actions necessary to ensure that a product satisfies the
customer” (Stamatis, 2018, p. xxiii). As a guideline along the development process, it integrates
well-known quality management methodologies like e.g. the Failure Mode and Effects Analysis
(FMEA) from AIAG (2008) and the Production Part Approval Process (PPAP).

2.2 Development of agile processes according to ASD — Agile Systems Design and by
applying reference system-based knowledge

The Maturity Management approach is just one of many to manage complexity during product
development (Schmitt & Pfeifer, 2015). Ropohl and Aggteleky (1975) describe product devel-
opment processes as “[...] the (continuous) transformation of a (initial vague) system of objec-
tives into a specific system of objects through an operation system” (Albers, Braun, & Muschik,
2010), which can be defined as a problem-solving process. Thus, all activities of product de-
velopment can be interpreted as problem-solving processes as well. SPALTEN is a German
acronym for the seven phases Situation analysis, Problem Containment, Alternative Solutions,
Selection of Solutions, Consequences Analysis, Make Decision and Recapitulate & Learn. It is
a universal approach to structure and implement problem solving processes and is not limited
to special problems or situations. (Albers, Reil3, et al. 2016)

For supporting product development processes ASD — Agile Systems Design defines an ,,[...]
integrated, structured approach for the agile development of mechatronic systems, the associ-
ated product strategy as well as the validation and production systems [...]“ (Albers et al., 2018).



The approach bases on nine principles, which support the user during the company- and con-
text-specific design and application of agile-structuring practices and during the determination
of an appropriate level of agility within the product development process (Albers, Heimicke et
al., 2019). ASD derives from the knowledge that complex, complicated, simple and chaotic
problems constantly coexist in a development process. Thus, neither solely structured nor solely
agile project structures are purposeful (Boehm & Turner, 2003; Snowden & Boone, 2007). In
conclusion, the appropriate level of agility must be defined according to the current situation
and conditions (Heimicke, Freire, Breitschuh, & Albers, 2019).
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Figure 2. Methodological support for the alignment of agile transition (Albers et al., 2020)

In this context, Albers et al. (2020) have developed a methodology, which supports understand-
ing of the situation regarding agile capabilities as well as for the identification of relevant agile
factors and ASD-principles. These factors and principles are used to develop a system of ob-
jectives, which serves as a profile for a situation-specific agile-structuring process solution. The
methodology supports process authors specifically in the following steps (Albers et al., 2020):
e Identification of actual situation of a company or organizational unit regarding agility
e Identification of appropriate fields of action for the change to agile
e Proposal of appropriate factors for the specification of the system of objectives
e Prioritization of the nine principles of ASD for the specific case of the user
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Figure 3. PGE model without and with reference system — example: Tesla Roadster (Albers et al., 2019)

The ASD approach is largely based on the mindsets, methods and processes of PGE — Product
Generation Engineering (Albers et al., 2018). According to the description model, the develop-
ment of technical products includes both a carryover variation and a new development of sub-
systems (Albers, Bursac, & Wintergerst, 2015). Regarding this, the basis for a new product
generation is always the reference system which consists of subsystems e.g. from previous
product generations or competitor products (Albers, Rapp et al., 2019).

These references are transferred to the succeeding product generation by three types of varia-
tion: carryover variation (CV), embodiment variation (EV) and principle variation (PV),
whereas PV and EV together form the new development share. Accordingly, an engineering
change can be a PV, as well as an EV or CV depending on its type and extent. In order to take
this central aspect of PGE fully into account, the term engineering change is replaced by engi-
neering variation. The PGE models ultimately serves (among other things) the development of



new methods and processes that support the planning and control of product development (Al-
bers et al., 2015; Albers, Bursac, & Rapp, 2016).

3 Need for Research and Research Approach

Westkamper (2003), Lanza and Fleischer (2005), Schuh, Kampker, and Franzkoch (2005),
Schmitt, Schuh, Gartzen, and Schmitt (2010) and Szabé (2018) emphasize the importance of a
successful Ramp-up Management to an OEM’s economic success. An efficient ramp-up can
yield up to additional 5%-points of the model rate of return over its total lifetime (Schuh et al.,
2005). In contrast, a six-month postponement of the market launch may lead to a possible loss
of 6.465 billion USD considering an annual production volume of 500,000 units over a total
production period of seven years (Szabd, 2018). However, 47% of the production ramp-ups in
the automotive industry are neither technically nor economically successful (Schuh et al.,
2005). This situation is aggravated by the fact that the production ramp-up has not been re-
searched in-depth in the past (Schuh et al., 2005). Accordingly, the research need emerges, to
analyse the ramp-up and its Maturity Management. Thereby, the overall aim is to increase the
process stability and response capacity of the Maturity Management to unpredicted challenges.
First, it is necessary to identify the challenges and risk factors that may jeopardise the ramp-up
success from the perspective of the Parts Maturity Management. Therefore, it is also necessary
to illustrate the relations between these risk factors and the maturity level. For this purpose, the
exhaust turbocharger and the crankcase of an engine serve as references to identify potential
risk factors for a critical maturity level before SOP. The knowledge gained can be used to pro-
actively steer the parts’ maturity level in succeeding product generations. The research ques-
tions, which shall result in a better understanding of the problem, are defined as:

e Which challenges exist during ramp-up in the automotive development from the per-
spective of Parts Maturity Management?

e Which factors jeopardise the success of ramp-up from the perspective of Parts Maturity
Management?

e To what extent appear these factors recurrent in Parts Maturity Management?

Based on the greater awareness of the situation and the developed understanding of critical
cause-effect-relations, alternative guidelines can be developed to better manage these critical
cause-effect-relations during ramp-up. The primary goal of the guidelines is the integration of
ASD in order to include agile-structuring process solutions to the Parts Maturity Management.
Therefore, the following research question has been derived:

e How can strategic guidelines be defined in order to improve the overall management of
the identified critical cause-effect-relations by implementing agile-structuring process
solutions to the Parts Maturity Management?

The research questions have been studied on within a case study in cooperation with a German
OEM. The case study has been conducted according to the guidelines of Yin (2014). The last
research question has been answered based on the identified critical cause-effect-relations. Dur-
ing the six-month cooperation, deeper insights into the Maturity Management practices of an
engine project have been gained. The OEM manages the three maturity levels first off-tool
parts, off-tool parts and sampling during series ramp-up. With first off-tool parts, optimisation
potentials for the series production tools, machine and equipment parameters as well as produc-
tion processes are identified. Off-tool parts are used to validate requirement specifications. The
Parts Maturity Management prioritises a part as critical, if the part is not available with the
required maturity level at start of assembly. Interviews, surveys and observations served to an-
swer the research questions one to three. In the following, fields of action could be identified
based on the data analysis. The acquired expert knowledge as well as the methodology, devel-
oped by Albers et al. (2020), have been used to define the guidelines.



4 Results
4.1 Challenges and risk factors of Parts Maturity Management

25 employees participated in a survey to the five most common causes for maturity level vio-
lations. Among the persons interviewed are representatives of the strategic project lead, Quality
Management, Logistics, Procurement, Supplier Quality Management and Research & Devel-
opment. The specified answer options were determined from a previous document analysis.
Here, 36 report sheets were analysed. In the event of maturity level violations, these standard-
ized report sheets must be created by the part-responsible developer. In this way, the developer
justifies the maturity level violations. During the document analysis, the technical justifications
in these report sheets were sorted by topic (see y-axis in Figure 4). In a second step, the number
of mentions from interviewees and report sheets was counted and accumulated (x-axis). Finally,
the various causes for critical parts could be condensed onto the following five main factors (A)
late or frequent engineering variations during series ramp-up, (B) late or missing design re-
leases, (C) Late or missing series production tool order or variations, (D) late or missing sup-
plier assignment, (E) missing date transparency. The results of the survey and the document
analysis are shown in Figure 4.
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Figure 4. Overview over reasons for critical parts during ramp-up phase.

These factors do not occur independently but can also foster each other. As an example, engi-
neering variations also influence the supplier assignment as well as the tool manufacturing pro-
cess. As a result, parts cannot be delivered with the desired maturity level to production tests or
series production on time. This jeopardises the technical and economic success of series ramp-
up from the perspective of Parts Maturity Management. If there are no customer suitable parts
available until SOP and, in the worst case, the SOP must be postponed, this can delay a timely
market launch. As shown in section 2, this leads to further economic risks.

Through further discussions and interviews on these first results, it became clear that the risk
factor late or frequent engineering variations during series ramp-up is one of the main causes
of a maturity level violation. This is because engineering variations have extensive effects to
all departments involved in series ramp-up. They do not only delay the development and con-
struction process but also lead to late supplier contracts due to extended or renewed negotiations
and delays the tool manufacturing process due to adjustments. This can also be illustrated using
the example of the development of exhaust turbochargers and crankcases. The exhaust turbo-
charger is a subsystem that jeopardises the success of any engine project. The cause analysis
has shown that this can be explained on the one hand by the complexity of the turbocharger and
on the other hand by the long tool and part manufacturing times. These are usually six months



for tool manufacturing and production of prototypes, nine months for small series tools and
over one year for series tools. If late engineering variations, which also require tool adjustments,
must be carried out in this process, milestones cannot be met on time due to long manufacturing
times. At this point the question arises as to whether and how late engineering variations can
be anticipated or avoided entirely. If late variations are unavoidable, it should also be clarified
how these are dealt with and the associated effects during ramp-up.

4.2 Development of strategic guidelines in the context of late or frequent engineering
variations during series ramp-up

The focus was placed on managing late or frequent variations during series ramp-up. Although
these variations certainly only cover a part of numerous causes, the research has shown that
from the perspective of Maturity Management these represent a central risk factor with a large
lever due to their extensive effects. Through early anticipation of engineering variations based
on product generation knowledge and through close monitoring, the project risk in form of late
part availability with the required maturity level should be reduced. Based on an in-depth anal-
ysis with the developers of exhaust turbocharger and crankcase the existing knowledge about
possible causes of late engineering variations were detailed.
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Figure 5. Identified causes for late or frequent variations during ramp-up and other influencing variables

These causes include, among others: (1) insufficient understanding of part criticality, (2) insuf-
ficient understanding of cause-effect-relations in Maturity Management, (3) late, negative test
results, (4) systematic delays due to insufficient part-specific master project scheduling and (5)
delays during EC-approval processes. While causes one to three are directly related to late or
frequent variations, causes four and five foster late variations and can at the same time be
viewed as basic risk factors for Maturity Management. In addition, other factors could be iden-
tified that foster late or frequent variations. However, these factors were not analysed further
because the influence on these factors was assessed as low. Figure 5 illustrates the identified
causes for late or frequent variations in the context of series ramp-up. The upper section depicts
the QGs within the project master schedule of an engine project. Thereby, the Parts Maturity
Management starts approximately six months before QG IV. The lower section depicts the
identified causes. Based on the increased awareness of the situation and the problem, guidelines
can be developed, considering the ASD approach and applying the methodology according to
Albers et al. (2020). In consultation with a method expert, the relevant principles are then de-
termined with the methodology. In addition, the desired effects on Maturity Management can
be identified together. Therefore, the ASD principles recommend influencing variables that lead
to the desired effects. In this regard, the methodology according to Albers et al. (2020) simplify



the guideline development by suggesting principles and influencing factors that are specific to
the situation and user needs. Finally, the situation and problem awareness, the identified ASD
principles and the associated factors can be used to finalise the guidelines. In the following, the
effort and benefits associated with the implementation of the guidelines are assessed.

Influencing variables

Others, e.g.
High part complexity,
frequent changes to
P N Lo e 07
P P variations D apaiiet I supports
T + 1
(1) Insufficient (2) Insufficient understanding of (3) Late, negative  (4) Systematic delays due to (5) Delays during EC-
understanding of cause-effect-relations in Parts test results insufficient part-specific approval process
part criticality Maturity Management master project scheduling

t t
—
Current Situation ASD-principle Extract of Intended effects Extract of success factors

« High motivation and
commitment of developer

« Insufficient understanding « Extensive training about

due to part- and process- The developer is I A i processes and cause-effect-
complexity the center of | hovyan d ressgsr)ées |, relations

« Result: application of not product o QT EREe £ S « Preserve and apply practical
situation-adequate methods development P knowledge

specific application of

methods and processes + Maintain a knowledge base

and processes

Insufficient
understanding « Purposeful application of . . -
of causes for « To be more successful, N process know-how ?;%Zel&?:;legi_?;zzgﬂfscrmcal
part criticality & identification of part-specific p « Better understanding and L N -

o development - . * Maintain a risk list of critical
of critical «— causes for each recurrent — S — communication of project >
cause-effect- critical part process 15 Unique targets [FENTEE q

. . and individual - « Purposeful sharing of
relations in (e.g. turbo charger) « Increased adaptability of [ iy
Parts Maturity developer g
Management

. . . « Systematic identification of
« Risk analysis and evaluation I
P references in critical cause-
of criticality

3 . e effect-relations
q —{ « Conscious identification of .
of references and product the basis of « Purposeful sharing of
eneration know-how. references HEEEEES knowledge
g « Broadened horizon " g . i
« High elaboration capabilities

« Increased ability to act agile Each product is
by the systematic application | developed on

Figure 6. Overview over root-causes, assigned ASD-principles, intended effects and success factors to
avoid late or frequent design variations and improve the Parts Maturity Management

For example, late negative test results are one of the main causes of late engineering variations.
This mostly results from the complexity of the subsystem (e.g. exhaust turbocharger), which
can currently only be captured to a limited extent with simulation models. In the future, these
simulation models will be optimised in the course of digitisation, which will involve a great
deal of work and time. Systematic missed deadlines of the project master plan result from the
component-specific properties, which are usually only considered to a limited extent in the pro-
ject master plan. The consideration of product generation knowledge in the project plans relates
to a detailed analysis of the cause and a complex synchronisation with project plans of other
subsystems and the overall project plans of engine and vehicle. On the other hand, the un-
planned EC lead times can be reduced with less effort, which in this case is due to a lack of
responsibility and drive by the applicant. Clarifying the causes of critical components and sub-
systems also means less effort. It is assumed that the identification of critical cause-effect-rela-
tions and the associated education can generate benefits for the Maturity Management. For this
reason, the lack of understanding of the causes of critical subsystems and the causal relations
are discussed in more detail below. In order to define a profile for the strategic guidelines, the
actual causes of the lack of understanding are first identified (Figure 6.).

e First, the lack of transparency and possible ambiguities about the critical cause-effect-
relations which arise from the large number of subsystems to be controlled, can hinder
the identification of critical subsystems. In addition, a lack of understanding of the
causes of critical subsystems can make it difficult to adequately use methods and pro-
cesses and may lead to frequent engineering variations. In order to support the developer
(e.g. external development partner) in his activities in the context of Maturity Manage-
ment and to improve the maturity level, the knowledge and methods should be adapted
to the knowledge and skills of the developer depending on the situation and his needs.



This approach corresponds to the first ASD principle The developer is the centre of
product development. The intended effects are a high level of motivation through a bet-
ter situational awareness, the purposeful application of know-how and resources and the
initiation of lifelong learning. Relevant factors in the implementation of this principle
are, for example, the detailed education of the developer in the processes and interde-
pendencies of Maturity Management, the preservation & application of experience from
other employees and the maintenance of a knowledge base.

Secondly, general cause-effect-relations in Maturity Management were identified, but
each recurring critical subsystem should be analysed individually in order to gain a bet-
ter situational awareness. This approach corresponds to the ASD principle Each product
development process is unique and individual. The intended effects are the purposeful
and situation-specific application of process knowledge, a better understanding and
communication of the component-specific project goals and an increased adaptability
of the employees to new situations. Relevant factors are keeping a risk list to preserve
critical cause-effect-relations and training employees on methodological competence.
Thirdly, a lack of past project experience (product knowledge) can be the cause of less
specific problem awareness. In this regard, the consideration and implementation of the
ASD principle Each product is developed on the basis of references is purposeful. The
intended effects are the deliberate identification of references within product groups and
between generations. The references obtained in this way can then be used for a situa-
tion-specific risk analysis and criticality assessment of subsystems by the user. Relevant
factors are distinct specialist competencies and expert knowledge of the developers,
which ultimately also enable the systematic search for references in the causal relation-
ships of the Maturity Management of other subsystems.

The knowledge gained about the root causes, which can lead to a lack of understanding, coupled
with the knowledge and the implications of the ASD principles, together form the framework
for the strategic guideline. It is divided into four steps (Figure 7.).

1.

Identification of recurrent critical parts: First, the interdisciplinary work group for
Maturity Management should identify all recurring critical components in a joint meet-
ing (e.g. exhaust turbocharger). In this step, the application of experience and the pur-
poseful use of process knowledge are of crucial importance.

Deep-Dive critical cause-effect-relations: Second, it is now necessary to investigate
why these subsystems become critical repeatedly and which cause-effect-relations exist
in their Maturity Management. In this regard, expert interviews should primarily be car-
ried out with developers and the departments involved, as well as document analyses.
The aim is to identify references in the cause-effect-relations of Maturity Management.
This requires the experience of developers and those involved in Maturity Management.
The newly gained knowledge can finally be summarized in a risk list.

Education and sensitisation: Thirdly, the prepared knowledge can be used for training
purposes and for raising awareness. This can primarily affect (new) employees or ex-
ternal development partners who, for example, are not familiar with the processes and
cause-effect-relations of Maturity Management. The main aim of this process step is to
introduce employees to the processes and interdependencies of Maturity Management
and thus to make employees more aware of it. This should enable, for example, a situa-
tion-specific risk analysis and criticality assessment of the effects of engineering varia-
tions on the maturity level by the developer according to the ASD principles.
Documentation and continuous improvement: Finally, the knowledge gained during
the process and identified potential for improvement should be documented in digital
form. In this way, it can be made available to others or reassessed at later times. At the
same time, this requires continuous maintenance of the knowledge base. This allows



expert knowledge of experienced employees to be preserved and made available to new
employees. Ultimately, lifelong learning of employees is made possible.
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Figure 7. Definition of strategic guideline based on the framework depictured in Figure 6
4.3 Evaluation of the developed strategic guidelines

Risk factors and critical cause-effect-relations could be identified based on an in-depth situation
analysis and problem containment. This acquired knowledge served using the methodology
from Albers et al. (2020) for the development of a method profile and the following definition
of strategic guidelines. The feasibility, effects and consequences were assessed based on an
initial evaluation as part of further expert interviews. The goal-oriented identification of central
risk factors of the Maturity Management during ramp-up and the development of strategic
guidelines for an agile Parts Maturity Management can be assessed positively. There are three
possible approaches for managing late engineering variations, thus covering a wide range of
alternative recommendations. One approach is to avoid later, more frequent or unplanned vari-
ations by, for example, optimizing simulation models or better adapting project master plans to
the duration of product and production trials. A second approach is to try to better anticipate
engineering variations and their consequences as well as react more quickly to them. Clarifying
the causes of critical subsystems and the cause-effect-relations in Maturity Management can
help to timely initiate countermeasures. Ultimately, not all engineering variations can be
avoided. Hence, the third approach addresses the better handling of the inevitable conse-
quences. For example, raising awareness of the standard-compliant implementation of EC-pro-
cesses in accordance with the standard duration can foster faster implementation of the varia-
tions and subsequent processes in the organization. The asked employees evaluate all guidelines
as feasible and with process-improving effects on Parts Maturity Management. However, there
is an additional effort in the form of time and work, which scales with the guideline’s extend
and is incurred in addition to the daily business. In this regard, the effort increases with the
ability to avoid or anticipate engineering variations. However, cooperating departments must
be convinced of the benefits of Maturity Management and the developed guidelines.

5 Discussion and Conclusion

From the point of view of Maturity Management, the results illustrate and emphasize the variety
of critical risk factors during series ramp-up. It becomes clear that especially late or frequent
engineering variations during series ramp-up represent an essential risk factor for the economic
and technical success of ramp-up. In the context of this study, this fact results from the finding
that complicated and complex cause-effect-relations coexist in Maturity Management and the
consequences of an engineering variation cannot be analysed in isolation. Three possible ap-
proaches are recommended for managing variations and their consequences to Maturity Man-
agement. First, an attempt should be made to avoid late variations in order to keep the project



risk as low as possible. Since this will certainly not always be possible in practice, attempts can
also be made to anticipate late engineering variations and their consequences, to timely initiate
countermeasures and to communicate the current status within the organization. After all, not
all variations can be avoided or anticipated. At this point, it is important to develop methods
that enable the organization to act in agile manners and minimize the negative consequences of
variations. Therefore, a method profile for agile-structuring process solutions has been devel-
oped based on an in-depth situation analysis and by the application of the methodology from
Albers et al. (2020). The description model of PGE is of central importance in the identification
and description of critical patterns and interdependencies in Maturity Management. This
knowledge should be used as reference in succeeding product generations in order to identify
critical patterns at an early project stage and to implement purposeful process adjustments. In
this way, the degree of flexibility in the otherwise clearly structured Maturity Management
processes can be adapted to the current situation. As part of the case study, it was shown which
causes can lead to maturity level violations and which interdependencies exist. In a next step,
the developed methodological support must be applied and tested in practice. Finally, the cur-
rent results should be enhanced by studies of Maturity Management processes at other OEMs.
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