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Introduction

What are my work areas and goals?

Current work area and research project in cooperation with the engine production
of Audi Hungaria Zrt.:

> Project Smart Maintenance in automotive industry is including:
> Development of a predictive maintenance (PdM) prototype
> Estimation of the economic potential of PdM in production

> Strategies for the process integration of PdM in existing TPM-System

The goals of this concept presentation at the 22" TOK for my dissertation
project are:

> Feedback on Research Methodology
> Expand data sources of completed PdM Projects
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Motivation and Problem Statement
Trends regarding PdM

> Internet of Things: High level on connected and monitored devices in
manufacturing industries.

> Artificial Intelligence is one of three mega trends for future business. Gartner
(2017)

> Technologies like Machine Learning, Predictive Analytics and Self-Service
Data Preparation enable an extensive use of PdM within the next 2 to 10
years. Gartner (2016) Figure 1. Hype Cycle for Data Science, 2016

> Platform solutions for analysis instead
of single sensors. Hannover (2017)

> PdM is an upcoming business as a S 7

product and service. Hannover (2017)
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Motivation and Problem Statement
Current Status of PdM

> VDMA et al. (2017) commissioned a survey (n=152) in 2017 for answering the
guestions about importance, opportunities and risks of PdM for businesses:

> PdM is one of the key innovations brought forth by Industry 4.0
> Forecast the remaining service life of machine components
> PdM is a key issue for current and future business

> Itis still hard for companies to asses PdM’s value as a success factor

> Interviews with several companies! focusing PdM at Hannover 2017
substantiated following experiences:

> PdM is an upcoming business as a product and service

> They are working hard on the products and services, but hardly offering any
solutions for integrating existing or external data and equipment

1 Eaton Electric GmbH, Isah GmbH, Synop Systems UG, Schaeffler Technologies AG & Co. KG,
Weidenmuller Gruppe, AVENTICS GmbH, SAP, Siemens, T-Systems, Microsoft
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' Motivation and Problem Statement

A gap between theoretical performance and practical use of PdM

A PdM prototype at an ongoing research project predicted/anticipated more than
50% main spindle breakdowns, which accounts for 30% of all long term
machine breakdowns. This theoretical possible reduction of total downtime
could not be assessed fully because of indispensable, highly-utilized
production capacities, lacking maintenance staff and non-adjusted repair
processes ¢ Bekannter Fehler : Spindelwechsel
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Research Question

Findings and Research Question

Summarizing previous findings there is a gap between theoretical and
practical performance of PdM related to the mix of current maintenance
strategies and according to VDMA et al. (2017) companies find it still hard to
assess PdM’s value as a success factor. These findings leads to following
research question:

What is the optimal mix of maintenance strategies for
discrete parts manufacturing

» with a high degree of automatization and
Informatization (e.g. automotive industry)
» as laid out in Internet of Things concepts.
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' Scientific Contribution

Research Gap

Many publications (see Literature) on sensor- and log-based PdM show that:
> predicting remaining useful life of components is state of the science

> there are just a few concerning the integration of PdM as a new
maintenance strategy into an existing mix of maintenance strategies

As researched by Swanson (2001)?, the issue for a company is not to optimize
maintenance costs, but to maximize a companies performance by an optimal
maintenance mix. There is a positive influence of proactive maintenance to the
companies performance.

There is a need for investigating the economic impact of PdM integrated in
existing maintenance strategies concerning the total costs.

2 swanson (2001) conducted a survey on 125 plant and 162 maintenance managers of SME, investigating a correlation of reactive,
proactive or aggressive maintenance strategies and the companies performance. The result showed a positive influence of
proactive maintenance strategies on the companies performance.
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! Scientific Contribution

Research Gap

Following Matyas (2016), the major aims of maintenance are to maximize the

reliability of production equipment and to minimize total costs.
A

Kosten

Gesamtkosten

Instandhaltungskosten fur
geplante Malknahmen

Produktionsausfallskosten

|

Gesamtkosten- Instandhaltungsintensitat
minimum

Source: Matyas (2016)

Determining the cumulative curve of total costs is very hard, because the
response of changing the intensity or strategy of maintenance has a very high
delay in real experimental environments. - Simulation Based Investigation
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Research Approach and Methods

Research Framework for Information Systems by Hevner et al.
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Source: Hevner et al. (2004)
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Application in the
Appropriate Environment
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Research Approach and Methods

Simulation Based Approach

The simulation based investigation is build by structural and organizational
iInputs. The structural input is defining production layout, material flow and
machine behaviors. Organizational input represents available staff, processes as
well as production and maintenance planning including the mix of maintenance

strategies.
KStructuraI Input A / _ \
+  Production Layout .S'm;r'gé'scnegggg
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Simulation Model nvestment Costs

 Breakdown Distributions
\ / ~ » Staff Costs

o ‘/\/n ) % «  Downtime Costs
e ™ - DD Spare Part Costs

Organizational Input

)
« Maintenance Staff Q\k = /

* Repair Processes
* Production Planning
* Maintenance Planning
K. Maintenance Strategies /
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Research Areas and Literature

Motivation and Problem Statement

Gartner (2016)
Gartner: Hype Cycle for Data Science 2016, July 2016

Gartner (2017)
Gartner: Hype Cycle for Emerging Technologies 2017, July 2017

Hannover (2017)
http://www.hannovermesse.de/de/ausstellung/daten-fakten/after-show-
report/abschlussbericht/; 17.09.2017

VDMA et al. (2017)

VDMA., Berger, Roland: Predictive Maintenance. Servicing tomorrow — and where we are
really at today. April 2017
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Research Areas and Literature

Scientific Contribution and Research Approach

Hevner et al. (2004)
Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design Science in the Information
Systems Research, 28(1), 75-105. Retrieved from
http://dl.acm.org/citation.cfim?id=2017212.2017217

Matyas (2016)
Matyas, K. (2016). Instandhaltungslogistik. Qualitat und Produktivitat steigern (6.
Uberarbeitete Auflage). Miinchen: Hanser.

Swanson (2001)

Swanson, L. (2001). Linking maintenance strategies to performance. Int. J. Production
Economics, 70, 237-244. https://doi.org/10.1016/S0925-5273(00)00067-0

Clemens Gutschi, Department of Engineering- and Business Informatics di o =
22.10.2017 ~-mb



22. Techno-Okonomie Kolloquium :— 16-9.

Research Areas and Literature

Sensor based Preventive and Predictive Maintenance
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Research Areas and Literature

Log based Predictive Maintenance
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